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N3ydyeHo BnMAHHME CBOMCIB |\ IIOYB Ha MPEAPACHOJOKEHHOCTh K OBPAXXHOM »HpO3UM B TPEX Ppa3IUUHBIX
reomopdonornuecknx paifonax. Hurepum: Ha mnato AOymka, B xonmucTod obmactu Mpmanpe m B Oacceifne
Oryn-OmryH. Bee ykazaHHBIE TEPPUTOPHH HAXOMATCS B 30HE OIHOPOIHOTO PeXHMMa ocagkoB. C IMOMOIIBI0 MeTona
KiaccupUKAlMU  «CIy4aHplid Jiecy (Random Forest, RF) W TIOUBEHHBIX XapaKTEPUCTHK, H3BICYEHHBIX
HCKJTFOYUTEIbHO M3 0a3bl maHHbIX SoilGrids, mpoBeaéH aHaau3 TOro, Kak (HU3UKO-XMMHUYCCKHUE CBOMCTBA IOYB
(OpPMHUPYIOT TPOCTPAaHCTBEHHBIC PA3IMuMsi B pa3BUTUM OBparoB. JlMHamMuka OBparooOpa3oBaHUsl 3a IEPHOL
¢ 2000 mo 2025 rox AEMOHCTPHUPYET-CYLICCTBEHHOE PACIIUPEHUE OBPAKHOM CETH Ha BCEX yJYacTKaX: 00Ias miomian
oBparoB yBemuumiack Oonee yem HaS00% B- Oacceitne OryH-OmyH u Ha miaro AOymka. Cpenan ONEHEHHBIX
MIOYBEHHBIX MapaMeTPOB  KIIOYEBBIMH HPEIUKTOPaMU BO3HWKHOBEHHS OBpPAroB OKa3aJUCh COJECp)KAaHHWE IEeCKa,
coziepXKaHue TIIMHBI, COOTHOIIEHHE TTecKa W TIUHBL. DTH NepeMeHHbIe T0Ka3all HanOObIINe 3HAYSHUS! BAXKHOCTH
npuzHakoB (0,15-0,27). [Tousennsiii opranmdeckuii yriepon (SOC) Taxke BHEC YMEpEHHBIH BKJIaJ B KadeCTBO
MOJIEITH, YTO YKa3hIBACT HA €T0 CTAOWIM3HPYIOIee BINSHIIC Ha CTPYKTYpY mouBsl. Monmenn RF mponemoHCcTprpoBanmm
BBICOKYFO TIPOTHOCTHYECKYHO TOUHOCTH (F1-score = 0;88; AUC = 0,79), moaTBepauB HaAEKHOCTD MTPOTHO3UPOBAHUS
Ha OCHOBE TPaHYJIOMETPHYECKOro COCTaBa IOYB B TETEPOTEHHHIX JaHAmMAPTaxX. AHaIN3 MPOCTPAHCTBEHHOU
M3MEHYHUBOCTH M HEOTPEACIEHHOCTH ITOKa3all, 4TO. MaTTEPHBI MPEIpacloIoKeHHOCTH K OBParooOpa3oOBaHHIO B
OOJBIIeH CTEIIEHN ONPEACIIIOTCS - HEOMHOPOAHOCTRIO, TPAHYIOMETPHYECKOTO COCTaBa, a HE CHCTEMAaTHYECKOM
omuoOKoi Moxmenu. B 1emoM -pe3ynpTaThl HCCIeAOBAaHUS - CBHIETEIBCTBYIOT O TOM, YTO IOYBHI C Oomee rpyObIM
TPaHYJOMETPUUECKIM COCTaBOM M HHU3KHM .COJICPIKAaHUEM MOYBEHHOTO opranndeckoro yriepoaa (SOC) cunbHee
MOABEPXKEHBI  00PA30BaHUIQOBPAToB.. JTO “TIOAYEPKMBACT HEOOXOIUMOCTh 1ICJICHANPABICHHONH OXpaHbl MOYB U
YIpaBJICHUsI PACTUTENFHBIM [TOKPOBOM B)0acceifHaX, CKIOHHBIX, K 9po3un. PaboTa moATBepKIaeT KIIIOUEBYIO POJIb
cocrtaBa TOYB B (HOPMHUPOBAHHW JTMHAMHKH OBparooOpa3oBaHMs .M TIpeAjara€? OCHOBAaHHYIO Ha JaHHBIX
METOJIOJIOTHUYECKYIO PaMKYy LS. CHIDKEHUS pETHOHAIIBHOTO PHUCKA 3PO3HH.

Knroueswvte cnosa: ospasicnasi sposus, ceoticmaa nous, SoilGrids, Hueepus, Oucmanyuontoe 30H0uposaniue,
apooupyemocme nous, [ UC

Soil controls of gully erosion dynamics in-conditions of uniform rainfall regimens:
A multi-site study in Nigeria using SoilGrids and remote sensing
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Email; nyvobi- n@pfur.ru
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.
Keywords: Gully erosion, soil properties; SoilGrids, Nigeria; remote sensing, soil erodibility; GIS
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1. BBeaenue

OBpakHas Spo3us TOBCEMECTHO NPU3HAETCSI OAHOW M3 Hambonee cepbE3HBIX (OpPM Jerpajaluu 3eMenb B
MupoBoM MacmTabe. OHa NMPHUBOAMT K 00pa30BaHHIO NIYOOKMX NPOMOMH, (pparMEeHTHPYIOIMX JaHAamadTsl, u
VAAJICHUIO TIOMOPOAHOTO CJIOS TTOYBBI M CO3MAET yrpo3y >KW3HENESTEIHOCTH HacedeHHUs. [IoMHMO JIOKalbHBIX
TIOCJIEZICTBUM, OBpark BHOCST CYIIECTBEHHBI — W IPUTOM HETIPOIIOPIOHAIBHO OONBIION — BKJIa] B YBEJIMUCHHE
CTOKa HAHOCOB, YXY/IIIICHHE KaueCcTBa BOJBI M ACTPAIAINIO SKOCUCTEM [ 1, 2]. AKTYasbHOCTb IPOOIEMBI 32 TTOCIIETHIE
JIBa ECSTWIETHS NPHUBJIEKIa BHUMaHUE HccienoBareneii Bo BcéM mupe. IIpu 3ToM (akTopsl, 00yclIOBINBAIOIINE
pasBUTHE OBpAroB, OCTAIOTCS KpailHE M3MEHUYMBBHIMH M CHEIH(DUIHBIMHU UIS KaXIOTO KOHKPETHOTO ydacTka. Mx
(opMupoBaHNE OMpeNeIsIeTCs CIOKHBIM B3aUMOJICHCTBIEM KIMMAaTHYECKUX, T€OMOP(OIOrNIEeCKNX, MOYBEHHBIX
(akTOpOB M 0COOCHHOCTEH 3eMIICTIONB30BaHA [ 3, 4].

B Adpukxe oBpaxkHas Spo3us  MPEACTAaBISeT COOOH  3HAUYMTENBHYIO  JKOJOTHYECKYI0 U
COLUAIIbHO-9KOHOMUYECKYI0 ~yrpo3y. CoBpeMEHHbIE OLEHKH KOHTMHEHTAJILHOIO MaciliTada, BBINOIHEHHBIE C
MMPUMECHCHUEM JUCTAHIIMOHHOI'O 30HAUPOBAHUA U METOJOB MallIMHHOT'O 06y‘-IeHI/I$I, IIOKa3aju, 4TO Ha a(pr/IKaHCKOM
KOHTHHEHTE PaclpoCTpaHeHb! OOIMIMPHBIE-OBpaykKHbIE ceTH. OCOOEHHO 3TO XapaKTEPHO /IS BIKHBIX U CYOTYMUTHBIX
PETHOHOB, I7TIc UHTEHCUBHBIE 0CAIKH COYETAIOTCS C HEYyCTOWYNBBIMH [TOYBAMH U HHTCHCHBHBIM 3€MJIETIONb30BaHUEM
[5, 6]. B roxxHoi# yactTu AdpuKH UCCISTOBAHUS TIPEAPACIONIOKECHHOCTH K OBParoo0Opa3oBaHUI0 CBUICTEILCTBYIOT O
TOM, 9YTO, XOTS IKCTpEMaIbHbIC OCAIKH MHUIMUPYIOT 3apOXKICHHE OBPAaroB, MX JajibHEHIIee paclpoCTpaHeHHE B
3HAYUTEJILHOM CTEIEHH OIpeeNseTCs BHYyTPEHHIMHU CBOHCTBAMH ITOYB M 0COOEHHOCTAMH penbeda [7]. AHazorndso,
nccuenoBanus B 3aragHoi Adprke NMOKa3bIBaKOT, YTO BBIPYOKa JIeCOB, ciabas CTpYKTypa IOYB M CTPOUTEIHCTBO
JIOPOT YCKOPSIOT 00pa30BaHME ‘OBpParoB. JTO MMEET CepPhE3HBIC MOCIEACTBHS IS MPOTYKTHBHOCTH CEIHCKOTO
XO035HCTBa U HHPACTPYKTYPBL CETBCKIX TeppUTOpHif [§].

Hurepust BXOOUT B WHMCJIO CTPaH, MCTIBITHIBAIOMIMX HauboJiee OCTpBIE MOCIEACTBUS JAHHOTO IIpolecca.
MHOTOYNCIICHHBIE HCCIIE0BaHUA  (PUKCHPYIOT TPEBOJKHBIE TEMIIBI POCTa OBPAroB B IOTO-BOCTOYHBIX U
I0KHO-IIEHTPAJIbHBIX IITaTax, INe CTpeMuTeNbHas ypOaHu3aus ' obesneceHne ycyryostror mpodmemy [9-117.
MHoOroBpeMeHHOE KapToTrpadUpoOBaHHUE OBPAroB BBIABIJIO TEMIbl UX PACHIMPEHHS OT HECKOJBKUX IO JIECSTKOB
METPOB B roJl. DTO HEPEAKO MPUBOAMT K: MOTEPE CEIbCKOXO3HCTBEHHBIX' YFOIMH, pa3pyLICHUIO JKWIIBIX JIOMOB U
JIOPOT, BHIHYXKJIEHHOMY MEpeCEICHNI0 LeNbIX HaceNn€HHbIX MyHKTOB [12;,13]. TIpu sTOM, HECMOTpSI Ha AECATUIETH
UCCJIEJIOBaHUH, COCPENOTOUSHHBIX IPEUMYIIIECTBEHHO Ha POJIN 0CaIKOB, COXPaHSETCs 3aMeTHas BApHaOeIbHOCTh B
Pa3sBUTHH OBPAroB IPU CXOAHBIX KIMMaTHYeCKUX-ycIoBUSIX. [lociennue ucenenoBanus, nposeéunsle B Hurepuwy,
TIOKa3bIBAIOT: MOYBHI C BEICOKMM COZIEpXKaHUEM. IBUIN, HU3KUM. CONIEPIKaHIEM OPraHNUYECKOTo BEIIeCTBa U ciaboi
arperaTHoil yCTOHYMBOCTBIO 3HAYUTEIBHO 0OOJEe TI0BEPIKEHEI, OBICTPOMY .pPa3BUTHIO OBParoB IO CPaBHEHUIO C
COCETHIMH YYaCTKaMH, T/ TIOYBBI 001aafoT OobIiei CBI3HOCTRIO [14—16]. DTH naHHBIC CBHIETEIBCTBYIOT O TOM,
YTO MOYBEHHBIE XapaKTEPUCTUKN —= HEJOCTATOUYHO M3yUCHHBIN, HO KPUTHUYECKH, BaXKHBIA (haKTOp, ONpEAesIFOIInn
JTMHAMUKY OBParooOpa3oBaHUsL.

OnHaKo KONMMYECTBEHHAs OLICHKA B3aMMOCBSA3H MEXIy CBOICTBaMU IIOYB M Pa3BUTHEM OBPAroB 3a4acTyIO
3aTpyHEHA U3-3a CIIOKHOCTHU 1 BBICOKOH CTOMMOCTH cOOpa MONEBBIX JaHHBIX HA MHOKECTBE YJaCTKOB. B 3101 cBA3NM
(poBbIe METOIBI KapTorpadupoBaHMs MOYB IPEATIAraloT-aIsTepHaTHBHOE pemieHre. OHU IMO3BOSIOT TOAydYaTh
COIVIACOBAHHBIE OIIGHKM TaKUX XapaKTEPUCTHUK, KaK TPaHYJIOMETPHUYECKUN COCTaB, )COAEPKaHHUE OPraHUIECKOrO
yriepona 1 00beMHas INIOTHOCTh, Ha OOIIMPHBIX TeppuTopusix [17, 18].

B pamkax 1aHHOTO HMCCIIeJOBaHUS JJaHHBIE O CBOMCTBAX MOYB OBUIN W3BJICUSHBI U3 PO0AILHOM 0a3bl TaHHBIX
SoilGrids v2.0 (ISRIC), moctyn k koTopoi ocymiecTBisuics uepes mwiarhpopmy Google Earth Engine (GEE). Ota 6a3a
MPEIOCTaBISICT CTAHIAPTU3UPOBAHHYIO MOYBEHHYI0 MH()OPMAIIHIO, MMOJYYCHHYIO HAa OCHOBE MOJEICH MAIIMHHOTO
o0y4eHHs 1 TaApMOHHM3UPOBAHHBIX ITOYBEHHBIX HaOtoeHui. Takie Haboph! JaHHBIX MO3BOJSIIOT UCCIIEA0BAThH CBSA3U
MEX/y CBOMCTBaMH ITOYB M SPO3NOHHBIMH NPOLIECCaMy B JTaHAMA(PTHBIX U pETHOHATIBHBIX MaciuTadax, B TOM YHCIIe
B TEX CJIy4asix, KOI/ia IIPOBeJICHNE TPAJUIMOHHBIX ITOJIEBBIX HCCIICI0BAHII HEBO3MOXKHO.

Takum 00pazoM, Iiesib TAaHHOTO HCCIIEIOBAHHWS — OLIEHHTH PONIb CBOMCTB NMOYB B PA3BUTHU OBPAKHOU
9po3uM Ha TPEX YydYacTKaX, HAXOMAIIMXCS B 30HE OJHOPOAHOTO pPEXHMMa OcaakoB. B pamkax ‘mcenmenoBaHMs
npeamnonaraercs: (1) kaprorpa¢upoBaTh M KOINMYECTBEHHO OLEHHUTH AWHAMUKY OBPXHOH 3PO3HMH 3a MEPHOI
¢ 2000 mo 2025 rom; (2) u3BIeYs U OXapaKTEPH30BaTh CBOMCTBA IMOYB; (3) YCTaHOBHTH CBSA3b MEXIY NMOYBEHHBIMHU
MEepEeMEHHBIMH M IIOKa3aTelsIMHd OBparooOpa3oBaHusi; (4) ONEHWTH BapHaOEIbHOCTh M HEONPENeIEHHOCTH
B3aMMOCBSI3€ll «110uBa — OBpary»; (5) HHTEPIPETUPOBATH OOIIYIO POJIH MTOYB B 0OBSICHEHIH MPEAPACIIONIOKECHHOCTH K
0BparooOpa3o0BaHMIO TIPH OJJHOPOIHOM PEKUME 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,
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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, 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, (ii) 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. MaTepuaJibl H METOABI
2.1. Pation uccneooganuii

HccnenoBanue npoBoAMIIOCH B Tpex yianatiadTax -Hurepuu: miaro-A0ymka, xonmbl Maanpe u bacceiin pek
OryH-OmryH (Puc. 1-3). O1tr ygacTku O6UTH BEIOPAHBI IOTOMY, UTO. IIPEICTABISIOT T€OMOP(HOIOTHUECKH Pa3HOPOIHBIC
cpeabl, HO UMEIOT OOLIMH PEXUM OCAIKOB, YTO MPENOCTaBISET BOSMOXKHOCTH OLEHUTH POJIb CBOMCTB IIOYBBHI B
Pa3BUTUH OBPAXXHOH 3p0o3MH 0€3 MEeMIaloUIero BIUSHHS  KIIMMATHYCCKOW M3MEHUMBOCTH. BMecTe OHM Takke
MOAYEPKUBAIOT IKOJOTUUECKYIO U COLMAIbHO-DKOHOMHUYECKYI0 BOKHOCTH OOpBOBI C dp0O3Meii, MOCKOIBKY Ka)IbIid
YYacTOK CTaJKMBAeTCsl C MpodieMaMy Aerpajalii 3eMeilb, YIPOXKAIOMIUME CETbCKOMY XO3SHCTBY, MOCENICHUSIM H

nH]pacTpyKType.

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 each site faces challenges related
to land degradation that threaten agriculture, settlements, and infrastructure.

2.1.1. TInaro AGymxa

[Tmato AGymxa pacmoiaokeHo B neHTpaitbHOM yactn Hurepun (Puc. 1), mpubnusurensno mexmy 8°50 c.mr.
n 9°30’ c.ur., u 7°00" B.1. 1 7°40’ B.1. Tepputopusi XapaKkTepH3yeTcsi BO3BBIILICHHBIM Peibe()OM C OCTPOBHBIMU FOpaMU
(I/IH3eﬂb6epFaMI/l), PpaC4ICHCHHBIMH paBHUHAMHW U BOJTHUCTBIMU XOJIMaMH, IMMOACTUIIAEMBIMH B OCHOBHOM I'PAHUTHBIMU
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W MUTMaTHTOBBIMH THe#icamu [19]. BoiBeTpuBaHue 3TUX MOPOA MPUBOAMUT K 0OPAa30BaHUIO MECYAHBIX MTOYB, CUIEHO
MOJIBEPKEHHBIX 3PO3MM IPHU HApyIIEHHH PACTUTEIBHOTO MOKpoBa. KiMMaTr BIaXHBIM TPONUYECKHH, C OIHHUM
BBIPOKCHHBIM CE30HOM JIOXKIEH C ampelns Mo OKTSOph M CyXHUM CE30HOM ¢ HOs0ps mo MapT. [onoBoe koindecTBo
ocajkoB B cpeaHeM coctapisier 1200-1500 MM, 0OBIYHO BHIMAIAFOIINX B BUJIC KOPOTKHX, MHTCHCHBHEIX TUBHEH [20].
Bricrpas ypbanunzanms Ha tepputopun denepanbHOil cTONMMYHON 00JacTH yCKOpHIa JETpa/laliiio 3eMellb, C/IEaB
TUTaTO TOPsTYe TOUKOH IIst pa3BUTHA oBparoB [21].

CornacHo  knmaccu¢ukanun BcemupHo#  pedeparmBHOM  06a3bl  HOUBEHHBIX  pecypcoB  (WRB),
npeoOaaronii TOYBEHHBIH TOKPOB IIaTto AOyKa MpPEeNCTaBIIeH JISNTOCOISIMH, PErocosIMUA M (peppasibCoNIsIMH,
KOTOPBIE COYETAIOTCS C AKPHCOILIMU Ha HIDKHUX YaCTAX MPEATOPUil ¥ CKIIOHAX PeYHBIX JONINH. JIENTOCOMH 1 peroconu
MIPUYPOUCHBI K MEIKOBOIHBIM KAMEHHCTHIM BO3BBIIIEHHOCTSIM M CKaIMCTBIM MH3EIB0epraM, I1e oYBo00pa3oBaHNe
OTPaHMYEHO YCTOHYMBBIMM KOpPEHHBIMH TopoiaMu (yHmamenta. Peppanbconmn ¥ aKpPHUCONH, HaNpOTHB,
MIPEICTABISIIOT COOOM ITyOOKO BBIBETpENble JIaTepUTHBIC IIOYBHI, PACHPOCTPAaHEHHBIE Ha IOJOTO-BOJHHCTHIX
MOBEPXHOCTAX IUIATO. DTU CUJIIBHO OKHMCIICHHBIE, OOOTAIEHHBIE JKEJIE30M MOYBEHHbIC MPO(WIN XapaKTepH3YIOTCs
HU3KOH (KaTHOHOOOMEHHOW CIIOCOOHOCTBIO. M CIa0OH CTPYKTYpHOH YCTOWYMBOCTHIO. BcnencrBue storo onHu
MOJBEPKEHBl UHTEHCHBHOM 3PO3UU-TIPU YAAJICHUH 3alIUTHOTO PACTUTEIBHOIO MOKPOBA.
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Fig. 1. Location map of the Abuja Plateau.

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
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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.

2.1.2. Xonmel Unanpe (murar OHAO)

Xonmbl Mnanpe pacrionoxeHs! Ha foro-3amane Hurepun (Puc. 2), B mrare OHJ0, B ipeaenax mupot ot 6°40’
c.ur. 1o 7°10" c.u1. u gosrot ot 5°00” B.1. 10 5°15" B.;1. DTOT NepecedeHHbli TaH AT COCTOUT U3 KPYTHIX TPAaHUTHBIX
nH3enb0eproB W rpsia ¢ BbicoTamu, npesbimaromumu 900 M [22]. ManoMomiHele MOYBBI M KPYThIE YKIJIOHBI
CHOCOOCTBYIOT OBICTPOMY HOBEPXHOCTHOMY CTOKY BO BPEMsI IOXKJIEH, @ paCTUTEIBHOCTh IIPEJCTABICHa B OCHOBHOM
HU3MEHHBIM TPONMMWYECKUM JiecoM. OHAKO pacIIMpPEHHE CENbCKOTO XO3SHCTBA M 3aCEICHHE TEPPUTOPHH BOKPYT
ropona Mmanpe nmpuBenu K CBEICHUIO JIecOB 1 0OHaXkeHHIo 1mouB. Ha Teppurtopun Beimagaet 1500-2000 MM ocaakoB
B TOJI ¢ TUKaMH B HIOHE-UIOJIE W CHOBA B ceHTAOpe [23]. OBparu B 3TOM paiioHe, KaK IPaBIIO, MEHBIIE M0 pa3MepaM,
HO C KPYTHIMH CKJIOHaMH [24],9T0 oTpa’kaeT BIUSAHNE CKIIOHOBOH THAPOJIOTHH.

CornacHo knaccudukanun. BcemupHoit pedeparuBHoli 6a3bl nouBeHHBIX pecypcoB (WRB), mouBeHHBIH
MTOKPOB X0JIMOB M aHpe npenMyIieCTBeHHO MPEACTABICH JIENTOCOISIMUA M PETOCOISIMUA. DTH MOYBBI IPUYPOYEHBI K
KPYTBIM CKQJINCTBIM CKJIOHaM M BEpLIMHAM- XOJMOB, IJ€ MOIIHOCTh MOYBEHHOTO NpO(WIs MHHUMAJbHA, a
MaTepuHCKas opoaa (IpaHUT) BBIXOIUT Ha TIOBEPXHOCTh. Ha HM)KHUX 4acTSX HPENropHid W MOJAHOXKHUAX JTOTMHHBIX
CKJIOHOB LIIMPOKO PaCHpPOCTPaHEHbI KaMOMCOH U akpruconu. OHu (OPMHUPYIOT Cl1a00pa3BUThIC M CPETHEBBIBETPEIIbIC
npoduin, chOpMUPOBABIIUECS B YCIOBUSIX BJIQ)KHOTO TPOITMUECKOTO KIMMara. B OKpyKaromux HU3MEHHOCTSX U
MEKXOJIMOBBIX MOHIKEHUSIX BCTPEYAIOTCS Ooliee NyOOKHe, XOpOIIO CTPYKTYPHUPOBaHHbIE (heppalibCOI M HUTHCOITH.
JIist HUX XapaKTepHbI: POYHast arperaTHasi CTPyKTypa, KpacHOBaTast OKpacKka ¥ HU3Kasi HACHIIIIEHHOCTh OCHOBaHMSIMH
— MPHU3HAKY, THIIMYHBIE [T HHTEHCHBHO BBHIBETPEIIBIX TPOIIMIECKAX IT0YB. Takoe MpOCTPpaHCTBEHHOE BAPbUPOBAHUE
MOYBEHHOTO ITOKPOBA OTPaXKaeT TECHOE ‘B3aUMOJICHCTBIE TONOrpa(uu, JUTOJOTHH W CTENCHNH BBIBETPUBAHUS B
npenenax maagmadTa Unaape.
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Fig. 2. Location map of the Ildanre Hills
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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, 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 €xposed 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 theclose interaction between topography, lithology, and degree of
weathering across the Idanre landscape.

2.1.3 bacceiin pex OryH-OniyH

Bacceiin Oryn-Omyn oxBatbiBaer yactu mrtaroB OryH, Ocyn u Oiio (Puc. 3), 3aunmas ruromans okomno 75
000 xm? mexay 6°30" u 8°45" c..m. u 3°00" u -5°30" B. A ITO KpynHast peuHas cucTeMa, Bnajaromas B Jlarocckyro
naryHy 4epe3 peku OryH u Omryn [25].”Teonorns MeHsieTcst oT Toponl (yHAaMEHTHOTO KOMIUIEKCa Ha ceBepe K
0CaJoYHBIM  (popManusiM Ha -fore, [MT0 MPHUBOIUT ~K/ [OYBAM>» OT (EPPALIUTHBIX TPONUYECKUX A0 TECYaHbIX
aTIoBHANBHBIX [260]. KomiuecTtBo ocankos BapsupyeT oT-1200 MM Ha ceBepe 10 moutn 2000 MM Ha tore [27]. Tem He
MeHee, 0acceiiH HaxOOUTCS B TOW . ’Ke BIaKHOW TPOIHMYECKOM. 30HE, UYTO W JAPYTHE yYacTKH. 3eMJICTIONB30BAHUE
JIOMUHHPYET CEeIThCKOX03IHCTBEHHOC, XOTs ypOaHm3armsa BokpyT Mbagana, A6eokyTsl 1 Omordo ycuimia 3po3Hio
[28], mpu aTOM OBparw wacTo HaOIFOAIOTCS BAOIH JOPOXKHON CETH M OKPAMH MOCEICHHH.

CornacHo knaccudukaiu BeeMupHoii pedepatiBHOi 6a3bl mouBeHHBIX pecypcoB (WRB), B Oacceiine pexu
Oryn-OcyH Ha BO3BBIILIEHHOCTSIX M .CKJIOHAX | CPEAHEH KPYTU3HBI "HAOIIONAETCs MO3aWYHOE paclpoCTpaHeHHe
(dheppanbcosieit, HUTUCOJICH, AKPUCOICH H, JIUKCUCONEH.- DT MO4MBBI CHOPMHUPOBAIKMCH Ha  [ITyOOKO BBIBETPEIIBIX
JKEJIE3UCTHIX MaTEPUHCKUX ITOpoAax. JJyis yKa3aHHBIX TIOYB THIIMYHBI KPACHOBATAasl MJIH JKEJITOBATO-KpacHasi OKpacka,
XOpoIIasi BOAONPOHHUIIAEMOCTh U HU3KHE. 3al1aChl MTUTATEIBHBIX BELICCTB, YTO SIBISETCS CJICICTBUEM JUINTEIBHOTO
TPONHMYECKOTO BHIBETPUBAHMS. B 10’kHOI JacTh OacceiiHa 1“‘Ha aJTF0BHANBHBIX YYacTKaxX NpeoOIagaroT GIrOBHCOIH
n meiicomy. OHM TPHYPOYEHBI K COBPEMEHHBIM AJUTIOBUATIBHBIM OTIOKCHUSAM M THAPOMOPGHBIM JTaHamadTaMm B
MOHMaXx M PeYHbIX JAoiauHaX. JIOKalbHO, B IIpeAenax 0caJouHbIX 30H, TAKIKE BCTPEHUAIOTCS C1a00pa3BUTEIC IIeCUaHbIe
apeHOCONH M PErocosiu. Takoe CoueTaHHe CHIIBHO -BBIBETPENBIX IOYB -BO3BBIICHHOCTEH M THAPOMOP(HBIX, IOUB
HU3MEHHOCTEH 00YCIIOBIMBAET HEOJHOPOAHOCTh 3PO3HOHHBIX NPOIECCOB B.-OacceiiHe W OompenesseT pasIndus’ B
MIPUTOAHOCTH 3EMEJTb JUTA XO3IHCTBEHHOTO MCIOIBb30BAHMS B IIpesieNiaX ero (pU3NKO-reorpauuaecKux 30H.

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

2.2. luzaiin uccnedoeanus

Jng n3y4yeHus Toro, Kak CBOWCTBA IMOYBBLBAUAIOT Ha OBPAKHYIO 3PO3UI0 BYCIOBUSIX OJHOPOHOTO pEKUMa
0CaJIKOB, OBLT MCIOJB30BAaH CPAaBHUTEIBHBIN MHOTOCEKIIMOHHBIM TCONPOCTPAHCTBEHHBIH AM3alH HUCCICIOBAHUA
BHumaHMeM, cocpeoTOYeHHBIM Ha TPEX JIOKAIMSIX B OJHOW KIMMAaTHYecKoi 30He ObLIO 00ecHeyeHO OTCYTCTBHE
BIMSHUS OCAJKOB KaK MeIaromero (akropa, 4To ITO3BOJIMIIO HCCIIENOBATh MOYBHI B KaueCTBE KIIFOYEBOTO
JIETePMHUHAHTA BapHallMii B JUHAMHKE OBparoB. [IpuHATHIN TOAX01 00beMHSIT TMCTaHIHOHHOE 30H1mpoBanue, [ 1C
U CTaTUCTUYECKUN aHalU3, 4TO IO3BOJIMIIO OXBATHUTH KAK BPEMEHHBIE W3MECHEHUS, TaK U IPOCTPAHCTBEHHBIC
3aKOHOMEPHOCTH B Pa3sBUTHU OBPAaroB U MX B3aUMOCBS3b C [IOUBEHHBIMHU XapaKTEPUCTUKAMU:

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.
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2.3. Ucmounuku OanHblx

beumm  mcnonp30BaHBl MHOXKECTBEHHBIE Ha60pI>I JAaHHBIX, HOPEAOCTABIAONIUC B3aUMOJONOIHAOIINEC
CBCACHUA O JUHAMUKE OBpPAroB, CBOMCTBaxX MOYB U MPOCTPAHCTBCHHBIX I'pAHUIAX. KiroueBnie Ha60pI>I JaHHBbIX,
HCIOJIb30BAHHBIC B 3TOM UCCIICAOBAHNN, CYMMUPOBAHLI B Ta6m/1ue 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.

Cgoaka mo HaGopaM JaHHBIX, HCIOJIB30BAHHLIM B HCCJIETOBAHUH.
Summary of datasets used in the study

Tabn. 1. Table 1.

HUcrounuk / Bpemennoii | IIpocTtpaHcTBeHHOE
Tun Ha3navenmne B
mwiargopma | IlepemenHsble /onucanue oxBaT  |paspewenne / I'iyOouna
JAAHHBIX . J . . . HCCIeI0BAHUH
Data type Source / Variables/ Description Temporal Spatial resolution / Purpose in the study
Platform coverage Depth
Kaprorpadpuposanue u
06 osparax|Google Earth OrmuppoBaHHbIC KOHTYPBI CbEMKa BBICOKOTO KOJIMYECTBEHHAs OLCHKa
OBparoB 20002025 paspelnieHus JUHAMUKH OBPa’KHOW IPO3UU
Gully data Pro L . L . . .
Digitised gully polygons High-resolution imaging| Mapping and quantifying
gully dynamics
Tlecok, wi, tnuHa,
OpPTaHUYECKHUN YIIICPOT
SoilGrids nouBsl (SOC); 00béMHas  |CratndHble XapaKkTepuCcTHKa CBOMCTB
O mouBax 0-30 cm L .
. vi2.0 Macca JTaHHBIEC mouB Characterisation of soil
Soil data . . , : 0-30cm .
(ISRIC), | Sand, silt; clay, soil organic Static properties
carbon (SOC), and bulk
density
AnvunucTpa- Onpe;[en?HHe TPaHHUIL
Bcnomora- HarnmonanbHbre/ BexkTopHei€ nanHbIe) | HcCaeayeMOM TEppUTOPUN U
TUBHBIC CraTuuHbie L
TEJbHBIC roCyIapCTBEHHbIE BEKTOPHBIE (macwTad 1:50-000) |xaprorpaduueckuit KOHTEKCT
) TPaHHIIBI \ JaHHbIC .
Supporting . . | ciou National/state vector ) Vector Defining study area
\Administrativ Static . .
data . layers (scale 1:50,000) boundaries and mapping
e boundaries context

2.4. I[Ipedsapumenvras 06pabomxa OaHHbIX
J1ist IOIrOTOBKM HAOOPOB JTAaHHBIX K aHATU3Y. ObLI BBITIOIHEH Psi/] 1ATOB MPe00paboTKu i 0becrneueHus

MIPOCTPAHCTBEHHOH COITIACOBAHHOCTH M COTIOCTABUMOCTH ITO TPEM HCCIIEAYEMBIM YHaCTKaM, DTH IIard CyMMHUPOBAHBI
B Tabmume 2. brarogapst 3TuM maram O0bUT0 00ecnedeHo; 4T0 BCe HAOOPHI AaHHBIX TIPOCTPAHCTBEHHO COBMEIICHBI,
HUMEIOT €AMHOE pa3pelleHHe W aJanTHPOBaHBI K paloHy ‘uccienoBaHui. [lomydeHHbIE TOYBEHHBIC WHACKCH U
IapaMeTpbl OBParoB JIENIM B OCHOBY INOCIEIYIOIIEr0 CTaTHCTUYECKOTO aHalIM3a B3aWMOCBA3EH MEXIy IOYBOH U
OBparamu.

2.4 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.
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Taé6n. 2. Table 2.
OcHoBHbBIE ITAaNbI NPET0OPAOOTKH JaHHBIX
Summary of data preprocessing steps

Habop nannbix drtan npenodpasoTKu Iean Hcenoam3syemas
Dataset Preprocessing step Purpose CHCTEMA KOOPIHHAT
CRS Used

IlepenpoenupoBanue B 300y UTM

O0ecrieyeHne €TUHON CUCTEMBI
(COOTBETCTBYIOILYIO TEPPUTOPHU

Bcee Hurepr) KoopAWHAT [Ig BeeX JaHHBIX  |WGS 84 / UTM Zone
IIPOCTPAHCTBEHHBIE ected 16-UTM Zone (. at Ensuring a consistent 32N (EPSG: 32632)
JlaHHbIE Pr0] ected 10 . or%e appropriate coordinate system
All spatial data Jor:Nigeria)
[Nepenuckpernzays go-pa3pereHuns [TpuBeneHne K eANHOMY
30 M; 0O6pe3ka 1o FpaHuLIaM IPOCTPAaHCTBEHHOMY
HccIeyeMoi TeppUuTOpHiE; pacuéT pa3peleHHNIO; BBIYNCICHNE
Cromu SoilGrids MIPOU3BOIHBIX UHACKCOB nokazatene apoaupyemoct  |WGS 84 / UTM Zone
SoilGrids layers '|(COOTHOIIEHUS MMECOK/TJIMHA, HJI/TJIMHA) OYB 32N (EPSG: 32632)
Resampled to. 30 m resolution; clipped. | Harmonising resolution and
to-study area, derived indices computing soil erodibility
(sand/clay, silt/clayratios) indicators

Onudposka noauroHos B Google Earth
Pro; pacuér metpux B ArcGIS Pro
Jauubie 06 oBparax | (IUTOIIA/b, IJIMHA, TOAOBEIE TEMIIBI
Gully data pocra)
Digitised polygons from-Google Earth
\Pro,-converted to‘metrics (area, length,
annual growth rates)-in ArcGIS Pro

DopmupoBaHe MOKazaTelen
OBPAXXHOU 3p0O3UH 151
BPEMEHHOTO aHaIH3a
Generate gully erosion
indicators fortemporal analysis

WGS 84 / UTM Zone
32N (EPSG: 32632)

2.5. ConpsoiceHue OaHHbIX 0 NOYBAX U 08PALAX

WuTerpanus NOYBeHHBIX TaHHBIX U CBEICHUH 00 oBparax BHIIIOIHIACK B cpene-Google Earth Engine (GEE).
3T0 TO3BOIMIO OOECHEYNTh TOYHOE  MPOCTPAHCTBEHHOE COINIACOBAHME JAHHBIX ¥ 3(QEKTUBHO U3BICYDb
xapakrepuctuky nouB. B GEE Obutn 3arpyskens! onudpoBaHHbIe NOIMIOHBL-0Bparos (momydernsle B Google Earth
Pro) mns Tpéx mccnemyeMsIx yqacTkoB — mmiaro- Abymxa, Oaccerina OryH-OmyH u xonMoB Mpanpe, Habop JaHHBIX
SoilGrids v2.0 (mmy6mra 0-30 cm). V3 mMOYBEHHBIX' JaHHBIX \OBUIA M3BICUEHBI CIEIYIONINE ITOKA3aTen: 00beMHas
IUIOTHOCTH TIOYBHI, KaTnOHOOOMeHHas criocobHocTh (CEC), ConeprkaHue TIIHHBI, COACp KaHUe MeCKa, COOTHOIICHHE
MECOK/TIINHA, Colep)KaHue MOYBCHHOTO oprannueckoro ymiepoaa (SOC).

JIist KaXKIoro MoJMroHa oppara Obuta co3maHa OydepHas 30Ha MMPUHOH 50 M. DTO MO3BOJUIIO OXBATHUTh
MIPUJIETAIOIIY O TIOUBEHHYIO 30HY, OKa3bIBAIOLIYIO BIMsSHIE Ha 3apOK/ICHUE U Pa3BUTHE OBparoB: B npenenax kaxmon
Oydepnotii 30ub1 B GEE paccunTanbl 30HajIbHBIE CTATHCTHKH — CPETHUE 3HAYEHUsI MOYBEHHBIX MOKa3aresneil. 3atem
JIlaHHBIE SKcopTHpoBaHbl B BHie CSV-(dailioB, OTHENBHBIX ISl KaXIOro HccieayeMoro ydactka [14, 29].
[MonyuenHble TabNM4YHBIE HAOOPHI TAHHBIX MOCITYKHIM OCHOBOW JUISI IIOCIIETYIOIIET0 MO/IeIMpoBaHus. Takol moaxon
obecrieuwii: IPOCTPAHCTBEHHOE COINIACOBAaHNE YCTAHOBJICHHBIX CBS3€H~MEXIy CBOMCTBaAMU TIOMB M Pa3BUTHEM
OBparoB ¥ 3GEKTHBHYIO 00pab0TKy AaHHBIX SoilGrids BEICOKOTO pa3pelieHus 3a CUET 0ONaYHBIX BBIMUCIUTEIBHBIX
BosMokHocteit GEE [30, 31].

JlaHHbBIE 0 CBOWCTBAX MOYB OBLIM MOJYYEHHI U3 TIIOOAIEHONW pacTpoBoit 6a3er maHHBIX So0ilGrids v2.0[17],
KOTOpasi MpEeNOCTaBIsIeT HENPEPHIBHBIC KapThl KIFOYEBBIX MOYBEHHBIX XapaKTEPHCTHK C IPOCTPAHCTBEHHBIM
paspenierrem 250 M 718 IeCTH CTAaHIAPTHBIX HHTEPBaoOB mryonHE!: 0-5, 5—15, 15-30, 30-60, 60—100 u 100-200 cm
— B cootBeTcTBUH co crenupukanusimu GlobalSoilMap [32]. basza SoilGrids coznana MexyHapOAHBIM LIEHTPOM
nouBeHHO# uHpopMaimu u pedepenun (ISRIC) ¢ npumeHeHnem mojelneil MalIMHHOTO OOYYeHHs. DTH MOJAEIH
oOy4eHbl Ha MaccuBe, BKitouaronieM cBbiiie 240 000 onvcaHuii TOUYBEHHBIX MPOQUIeH, ¢ y4ETOM 3KOJIOTHUECKUX
KOBapUaToB — JJaHHBIX O KJIMMATe, penbecbe 1 Marepuajaax 1MCTaHUUOHHOTO 30HAUPOBAHU. [[J'IH OIIMCaHUsA COCTOAHUA
TMOBEPXHOCTHOTO CJIOA MOYB, 3HAYUMOI'O ITPU MOACIMPOBAHNUU SPO3UN U ACTPpadallun 3EMECJIb, ITIOYBCHHBIC ITapaMCTPhbL
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OBUTH arperupoBaHbl B KOMITIO3UTHBIN ciioit 0-30 cM. Arperaiys BbINOJNHEHA ITyTEM pacyéra CpeJHEB3BEIIEHHOTO 110
DIyOuHE 3HAYCHUS IS epBbIX TPEX caoér SoilGrids (0-5, 5-15 u 15-30 cm) o dopmyae:

5Xo_s + 10Xs_15 + 15X;5_30
30

Xo—30 =

rae: Xo-30 — 3HaUEHHUE IoKazarens (coluep)kaHue MecKa, MbUTH, IMHBI MM OPraHHYecKoro ymiepona) amust ciost 0—
30 cm.

Jannblil mogxon coorBeTcTBYET pekoMeHaanmsam GlobalSoilMap mo arperanny JaHHBIX ¥ TAPAHTHPYET, YTO
MOTyYEHHBIH CJIOW afeKBaTHO OTpakaeT B3BEIICHHBIH BKJAJ] Ka)KAOTO MHTEpBana NIyOHHBI B MPEIETIax BEPXHETO
MIOYBEHHOTO TOPHU30HTA.

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 (SOC).

A 50 m buffer was applied around each gully polygon to capture the immediate soil zone influencing gully
initiation and expansion.'Within each buffered area, zonal statistics 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'modelling. This approach ensured that soil-gully linkages were
derivedin a spatially consistent manner, while leveraging GEE’s cloud-based processing capabilities to handle high-
resolution SeilGrids data efficiently [30,31].

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

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

30

Xo=30 =

where X,_3, represents the property value (sandj; 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.

2.6. Ananu3z oannvix

CSV-daiinel, nonyuyennsie B Google Earth Engine (GEE), Obuin mociie M3BICHEHUs] MMIIOPTUPOBAHBI B
Google Colab anst crarMCTUYECKOTO aHajdM3a W MAalIMHHOTO “O0y4YeHHs C HCIoJb30BaHMeM si3bika Python u
cnenyroux oubnuorek: pandas, scikit-learn, NumPy n Matplotlib." JIns ka)10T0 UCCIEAYEMOTO YJ4acTKa OTACIBHO
MIPUMEHSUICS. QJITOPUTM KJacCH(UKannuu «cirydaiHslii necy (Random-Forest, RF). llenpto OBLIO-. CMOAETHPOBATH
nHanmuuue (1) wn orcyrcrBue (0) oBparoB Kak ()yHKIMIO HIECTH ITOYBEHHBIX HEPEMEHHBIX, N3BICUEHHBIX M3 0a3bl
SoilGrids. OrneHka KayecTBa MOJETH BBIMONHAJIACH METOIOM IIATHKPATHON MEepeKpECTHON TpoBepku (five-fold
cross-validation). D(GQEKTUBHOCTb MOIENN OIEHHBAJACh [0 CIEAYIONIMM METpPHUKaM: TOYHOCTb (accuracy),
MIPEIM3HOHHOCTS (precision), monHoTa (recall), Fi-mepa (F1-score), miomans o KpUBOH OMNO0OK MpuéMHNKa (area
under the receiver operating characteristic curve, AUC).

U3 kaxnoil o0ydeHHOW Mozmenu ObUTM W3BJICYEHBI MOKAa3aTeNN BaXHOCTU NEPEMEHHBIX. DTO IMO3BOJIMIO
KOJIMYECTBEHHO OLICHUTh OTHOCHUTENBHBIM BKJIAJ OTIEIBHBIX MOYBCHHBIX IApaMeTPOB B NPEAPACIIOIOKEHHOCTh K
oBparooOpa3oBaHuo0. KpoMe TOro OBIIM BBINOJNHEHBI: ONHCaTeNbHAas CTaTHCTHKA M CPaBHUTENBHBIN aHAIHU3 I10
y4acTKaMm JIJisl OLIEHKH BapHaOeIbHOCTH U HEONPEIeIEHHOCTH B3aUMOCBsI3eii «ouBa— opar» [14, 17]. Anroputm RF
ObUT BBIOpaH MO CIEAYIOIIMM IPUYMHAM: YCTOHYMBOCTH K MYJIBTUKOJUIMHEAPHOCTH, CHOCOOHOCTH BBISBIATH
HEJMHEHHbIe 3aBUCUMOCTH MEXIy CBOWCTBAaMHM IIOYB M 3po3uell, Joka3aHHas 3(GEKTHBHOCTH IIpU
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kaprorpadupoBaHun 3KoJ0THYECKOl npeapacnonoxeHHocty [33, 18]. CoBmectnas padora B cpenax GEE u Colab
HO3BOJIMJIA CO3[aTh BOCIHPOHM3BOAMMYIO M MacuITabHpyeMyl METOAONOrHuecKylo cxemy. Ona oOecrieumBaer
YCTaHOBJICHHE CBsI3el MEXIy CBOWCTBAMHU IOYB M BO3HUKHOBEHHEM OBPAroB B YCJIOBHUSX OJHOPOIHOIO PexHUMa
ocaakoB. HakoHel, ObUTH IIPOBECHBI MEKILIONIAI0YHBIC CPABHCHHUS B3AHMOCBSI3eH «OBpar—mno4ysay. ITo MO3BOJIUIO:
BBIIBUTh PA3IUuMs MEXKIY TPEMs HCCICAYyEeMbIMH YYacTKAMH M MX OOIIMe YepThl M OLICHUTH, KaK MMOYBECHHBIC
XapaKTePUCTHKU 00yCIOBIMBAIOT AUHAMUKY OBPAKHON SPO3HHU MPH OXHOPOJHOM PEKHME OCAIKOB.

2.6. Data Analysis

After extraction, the €SV 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, F1-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 oceurrence 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. Pe3yabTathl
3.1. Hunamuka ospasicroui 3po3suu 6 neptiod ¢ 2000:no0 2025200

J171s1 BBITIOTTHEHUSI IEPBOH 3aJa41 Ha 'BCEX TPEX MCCICAYEMBIX yUacTKax OblIN KapTorpadupoBaHbl OBpParu B
2000 u 2025 rompl! 3aTeM KOJMYECTBEHHO OLEHEHBI CICAYIOMINE MOKA3aTeNll: YHCIO OBPAroB, oOmas IUIONmanb
OBparoB, CpemHss IUIOMAAL OMHOIO . OBpara, -, MakCHMaJIbHAs - IUIOLIAZb OTAENBHOTO oOBpara. Pe3ynbTarsl
JIEMOHCTPUPYIOT BBIPAKCHHOE yBEIIMYCHUE KaK TUTOIIA 1, TaK M KOJMYecTBa OBParos-3a 25-netHuil nepuon (tadi. 3).
CormocraBUTeNbHBIN aHATN3 JAHHBIX U3-Ta0MN. 3 1 4 BBIIBHI YCTOWYMBYIO M TPEBOXKHYIO TCHICHIIMIO: Ha BCEX TPEX
yuacTkax 3a nepuoz ¢ 2000 o 2025 roj1 BEIpOCIIO YHCII0 0BPAroB U yBeIMYMIACH UX cyMMapHas riomans. Hanbonee
3HAYUTEILHBIC H3MEHEHHS 3a(UKCUPOBaHBI B-0acceitHe OTyH-OuIyH: 4HCII0 OBPAaroB BO3pOCcio Ooliee 4YeM B JBa pasa
(c 58 o 129), obrmias oAk OBparoB yBeIMImWIach Ha)5,36 KM?, MPUPOCT COCTaBuII cBhIme 614 %, cpeaHeronoBeie
temmbl pactmpenus — 0,21 km*/ron. Ha maro AGymka ‘Takke OTMEUEH CyIIeCTBEHHBIH POCT OBparooOpa3oBaHMs:
oOmas rronans yeenmumiach ¢ 0,83 no 5;19km?, ipupoct cocraBiir 523%, CpeTHEro0BbIe TEMITbl PACIIMPEHUS —
0,17 km*/ron. Xommbl MmaHpe, HecMOTps Ha -HaUMEHBIIYIO- 0OIIYIO - THIoNIans, oBparoB (c0;004 100,019 xm?),
MIPOJEMOHCTPUPOBAIN 3HAYUTENBHBIH MPUPOCT “B418%:.) D10 CBUAETENHCTBYET O TOM, 4YTO. Jaxke ~c¢i1abo
ypOaHU3MPOBaHHBIE JIAHAMA(THI HE 3aCTPaXOBaHbl OT-HAPACTAIOIICH aKTHBHOCTH OBPAarooOpa3oBaHMsL:

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. . ..
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Taébn. 3. Tuble 3

Caoaka mo oBparam Ha ypoBHe y4acTtkoB (2000 rox B cpaBaenun ¢ 2025 romom)
Site-level gully summary (2000 vs 2025)

Oomas momaab ,» MakcumaabHas IInoTHOCTH OBparos (%
Yuacrok | T'og | Uuciio oBparos N Cpennsis mjiomaab (KM N
Site Year | No. of gullies (rem?) Mean area (km?) IIOAN (KM) IIOMA/IN YHACTKa)
Total area (km?) Max area (km?) Gully density (% of site area)
Abymxka | 2000 64 0,833 0,013 0,058 0,12
Abuja 2025 106 5.187 0,0489 0,479 0,78
Oryn-Omuryn | 2000 58 0,872 0,015 0,117 0,07
Ogun-Oshun| 2025 129 6,234 0,0483 0,437 0,53
Wpanpe | 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
[oxka3aresin u3MeHenusi- oBpaxuoi ceru B nepuos ¢ 2000 mo 2025 rox
Gully change metrics between 2000 and 2025
Yeeauuenne Increment T'onoBeie Temnsbl [[Ipupoct o6meii| Koadpdunmnent
Yucao pacmupeHust WIOMAAH  |POCTA IJIOMIAH
Yuacrok OBparoB Obmas maouans Cpémnan ~Maxcumannuas (xm?/rom) oBparos (%) 0BparoB (x)
. (xm?) mwiomwanks (km?) | iomanpb (km?) . o .
Site No. of Total (k)| (kn?)| M. (km?) /Annual expansion| % change in Gully area
gullies otaleyep (kikgQMednfepa (kg wprea (km (km*/year) total gully area growth factor (%)
Abymxa 42 4,3541 0,0359 0,4208 0,1742 522,7539 6,2275
Abuja
Oryn-Ouiyn 71 5,362 0,0333 0,32 0,2145 614,6058 7,1461
Ogun-Oshun
Unanpe 6 0,0151 0,0007 0,0027 0,0006 418,3472 5,1835
Idanre

HACKOJIBKO CTPEMHUTEIIBHO Pa3BHUBAJIMCH - OBPAXXHBIC ~CHCTEMBI

[NTokazareny MIOTHOCTH OBPATOB IOMOIHUTENBHO MOAYEPKUBAIOT MHTCHCUBHOCTD JIETpaaliiy JJaHmadToB.
B 2025 romy HanbombInas INIOTHOCTH 3aduKcupoBana: B 6acceitae Oryn-OmyH (0,53%) maa mnarto Adymxka (0,78%).
Taxue 3HaYEeHUS OTPAKAIOT BIUSHHE CICAYIOMINX (DaKTOPOB: PACHIMPEHUEH TOPOICKUX TEPPUTOPHUI, COKpAIICHHE
PACTHTEIEHOTO TIOKPOBa, HEI(PPEKTHBHOE 3eMITeTONb30Banue. ' KoddpunueHTsl pocTa,, pacCudTaHHbIE HA OCHOBE
IaHHBIX Tabm. 4 (o1 5 pa3 qna Upanpe mo Oosee deM 7 pas ans OacceiiHa OryH-OuryH), HamIAIHO IEMOHCTPUPYIOT,

3a mociegHue 25 JeT.

pacnpezeneHre oBparos 3a o6a BpeMEHHBIX Cpe3a NpecTaBIeHo Ha PHC. 4.

IIpocTpancTBeHHOE

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 past25-years. The spatial distribution
of gullies for both years is visualised in Fig. 4.

3.2. Ob630p xapaxmepucmux noue Ha Mpéx UCcaedyemMulx YUacmKax
Ha puc. 5 mpezacraBieHbl CBOAHBIE AaHHBIE O (PM3MKO-XUMHUYECKHUX CBOWCTBaxX IOYB Ha TPEX ydacTKax
uccnenoBanus: miuaro AOymka, OacceiiHe OryH-OmyH u xonMax ~MpaHpe. AHaIM3MPOBAIUCH CIEAYOIIHE
nokazarenu: OObeMHas IUIOTHOCTH IOYBHI, KarMoHooOMeHHasi criocoOHocTh (CEC), comepskaHue IMIMHUCTOH U
MecYaHo! (ppakiuii, COOTHOLICHHE MECOK/TIIMHA, COACPIKaHNEe MOYBEHHOrO opranmdeckoro yriepoaa (SOC). Dtu
IapamMeTphl OTPaXXKatoT (PU3NUECKOE U XMMUUECKOE COCTOSIHUE MIOYB, a TAKXKE UX MMOTEHINAIBHYIO CBSI3b C IPOIIECCOM
0BparooOpa3zoOBaHMS.

MoxHO

OTMECTHUTD

CIIeYIONIHE

0COOEHHOCTH:

IIOYBBI

Gacceitna OryH-OmyH XapakTepu3yIOTCS

TIOBBIMICHHBIM COACPKAHUEM IIECKA U INIOTHOCTBIO CIIOKEHHA, ITOYBBI XOJIMOB I/InaHpe OTJIMYAIOTCS 00JIee TOHKUM

TPaHyJIOMETPUYECKAM COCTaBOM M BBICOKHM COIEpPKAaHHEM OPTaHWYECKOTO YINIEposa.

IIpocTpancTBeHHas

HM3MEHYMBOCTD MIOYBEHHBIX XaPAaKTEPUCTUK CO3MAET BAKHYIO OCHOBY JIJISI HHTEPIIPETALIUH IOCICIYIONIMX PE3YIBTaTOB
aHajM3a METOJIOM «CiIydaiiHoro Jneca» (paszgen 3.3). B HEM wuHcCleqyroTCs NPOTHOCTHYECKHE CBSI3U MEXITY
YKa3aHHbBIMU TOYBCHHBIMU MMapaMETpaM U HAJTMYUEM OBparoB.
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Fig. 4. Gully maps for each site showing the Digitised 2000 and 2025 Gullies
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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.

[ Mnato Abyaxka Xonmel Mpanpe B baccedn OryH-OwyH
AbujaPlateau Idanre Hills Ogun-Oshun Basin
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Puc. 5.
CrpynnupoBaHHas cTon0daras [uarpamMMa, MOKa3bIBaloIas (CpenHee & cTaHAapTHOE OTKIIOHEHUE) cBOICTB mouB (0-
30/cMm) Ha Tpex y9acTKax MCCICAOBaHMUSI.
Fig. 5 Grouped Bar chart showing the (mean £=8D) of soil properties (0-30 cm) across the.three-study sites.

3.3. Knaccuguxayus memooom «Cay4aiino2o 1ecay» Haruius 08pazose 8 3a8UCUMOCTIU 0T NOYGEHHBIX AMPUGYImos

Jdns  KakIoro MCCieayeMoro y4acTka. OTAEeNBHO . ObLIH . MOCTPOCHBI -~ MOACIH «CIIyYaifHOTO JIeca»
(Random Forest, RF) ¢ 11e1p10 OIICHUTH MPOTHOCTUYECKYIO CHITy TIOYBCHHBIX TICPEMEHHBIX NPU 00bsCHEHNH (akTa
Hanuuus oBparoB. OOOOMIEHHBIE TIOKAa3aTeNM BaKHOCTH MPHU3HAKOB M CTaTHCTHYECKHE XapPAKTEePHCTHKH KauecTBa
MojieJiel pencTaBIeHbl Ha pUCYHKax 6 U 7.

Bo Bcex JoKamusx ~KIIOYEBBIMH TPEIUKTOPAMM  HAlM4YHMsl OBParoB ) BBICTYNIMJIM  TIOKa3aTelln
IPaHyJIOMETPUYECKOTO COCTaBa MOYB — B MEPBYIO OUepe/lb COACPIKaHNE MTeCKa, COAEPKaHUE IIMHBI M COOTHOIICHHE
necok/mmHa. COBMECTHO 3TH I€pEMEHHBbIE OOECIeUII HaWBBICHINE 3HAYE€HHWS OTHOCHTENBHOM BaXKHOCTH (B
numamnazoHe ot 0,15 10 0,27). D10 CBUIETENBCTBYET O TOM, YTO OaNaHC) MEXAY KPYITHO- U MEIKO(PPaKINOHHBIMH
KOMITOHEHTaMH CYIIECTBCHHO PETYIUPYET dpoarpyeMocTs mouB. IlouBeHHbIH opranndeckuit yriepon (SOC) Taxoke
MIPOJEMOHCTPUPOBAN 3HAYMMBIM BKJIAJ Ha ydacTkax miaato AOymxka u OacceifHa Oryn-Omyn (0,17-0,20). Oto
TIO3BOJISIET TIPEIIOJIOKHTD, YTO MOBBIIIEHHBIE YpoBHH SOC CHIOCOOHBI: yCHIINBATh arperaTHyl0 yCTOHYHBOCTD MOYB,
CHIDKATh PHUCK 3apOXKICHHUs OBparoB. B To e BpeMst 00beMHas IIOTHOCTh [TOYBBI M KATHOHOOOMEHHAsI CIIOCOOHOCTh
(CEC) oxa3zamuch CpaBHHUTEIBHO MEHEE 3HAYMMBIMU. DJTO yKa3bIBAaeT HAa TO, YTO CTPYKTYPHbIE M XUMHYECKUE
CBOMCTBA ITOYB UTPAIOT CKOPEE OMOCPEAOBAHHYIO POJIb B PETYIUPOBAHUHU IIPOIIECCOB OBPArooOpa3oBaHMUsI.

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.
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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.
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Puc. 6 CrpynmupoBaHHas cTon@uaras AnarpaMma, IIOKa3sIBaroIast BAXXHOCTh pr3HakoB RF Ha Bcex obmactsix
HCCIIeT0BaHMH
Fig. 6 Grouped Bar Chart showing RF Feature Importance across Study Areas

I TouHocTb (Accuracy) - NenHeTa (Recall) 3 AuUC
B peunsnoHHOCTL (Precision) BN Fl-mepa (F1-Score)
1.0
8
&S
g
= 0.80 0.80 082 55 081 ggg
[0) '
‘8 7
=
=
=
[0}
o
% %
*
=
= 7,
I3}
= K
3 o)
m
S /|
C
0.00 0.00 0.00
T
e Hpe _Owyw
nnato AOYA Koo AP ccomn QYO
Abuja Plateau Idanre Hills Ba Ogun-Oshun Basin
Puc. 7. CrpynnupoBaHHasi cToj04aras auarpaMmma, oKasbIBaroIas MPOU3BOUTEIBHOCTE Moenu RF mo paiionam
HUCCIIEIOBAaHUH.

Fig. 7 Grouped Bar Chart showing RF Model Performance per Study Area
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[Tokazarenu kayecTBa MOJENM JOMOJHUTEIHHO JEMOHCTPHUPYIOT MEXIUIOLIAJ0UYHYI0 M3MEHYHMBOCTh. Ha
yuacTkax riaro AOymka u 6acceiina OryH-OmiyH JOCTUTHYTHl yMEPEHHBIE U BBICOKHE 3HaYEHHS ITPOTHOCTHYECKON
touHoctH (0,65-0,78) u Fi-mepst (0,74—0,81). DT0 CBUIETENBCTBYET 0 HAAEKHOM TUPPEPEHIMPYIONICH CTOCOOHOCTH
MOJIEJIH TIPH Pa3ZieJICHUH y4acTKOB ¢ OBparaMu 1 0e3 HuX. B omnume ot HUX, Mozesns it XxonMoB Manpe mokazana
OTpaHMYECHHYIO IIPOrHOCTHYECKYIO CITOCOOHOCT. OCHOBHOM NMPUYMHOM CTallk MaJiblii pasMep oOydaromieil BEIOOPKH,
HU3Kast BApHaOEIbHOCTh TOUYBCHHBIX MpeUKTOpoB. OTHOCHTENBbHO BhIcoKHe 3HaueHnss AUC Ha Bcex ydactkax (0,62—
0,80) yka3wpiBaloT Ha MpHEMIIEMYI0 000OIIAOIIYI0 CIIOCOOHOCTh MOJENCH W YCTOHYMBOCTD MOPOTOBBIX 3HAYCHUM
KIaccuuKaImm.

B menoM nomy4eHHsIe, pe3ysbTaThl HOATBEP)KAAIOT, YTO TPaHyJIOMETPUIECKUI COCTaB MOYB U COAEPKaHNE
OPraHUYECKOTO BEIIECTBA — KIFOMEBBIE (PAKTOPBI, OIPEEIAIONINE BOZHUKHOBEHUE OBPAroB IPH OHOPOJHOM PEKUME
ocagkoB. Pe3ynpTaTel MOAETMPOBAHUS METOAOM «CIYYalHOTO Jieca» IMOATBEPXKAAIOT TMIIOTE3Y: MOYBHI C Ooiee
IpyOBIM TpaHyJIOMETPUYECKHM COCTAaBOM MpH HU3KOM cozaepxanun SOC JeMOHCTPHUPYIOT —MOBBILICHHYIO
NPeAPACHONOKEHHOCTh K pa3MbIBy W Pa3BUTHIO OBparoB. CoOINacoBaHHOCTh PE3YJBTATOB IO BCEM YYacTKaM
MO3BOJBSIET CJIENIaTh BBIBOJA: COCTAB IOYB -UTPAET MEPBOCTENEHHYIO POJIb B JHUHAMHKE OBPAXXHOW 3pO3UHU. ITO
COOTBETCTBYET TIOCTAaBJICHHOM Meid —  /yCTaHOBUTH CBSI3b MEXIY IIOYBEHHBIMH XapaKTePHUCTHKAMH U
MIPOCTPaHCTBEHHBIMI TIATTEPHAMH TIPESAPACTIONOKEHHOCTH K 0BParoo0pa3oBaHHMIO.

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 F1-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 duete 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 variablesto gully susceptibility patterns.

3.4. Anaau3s npocmpancmeennol UsMeHuU80Cmu 1 Heonpeoerénnocmu

IIpocTpaHcTBeHHAs U3MEHUMBOCTH MOYBEHHBIX CBOMCTB Ha TPEX MccieayeMbIx ydacTkax (Puc. 8) BerBiser
oT4éTIINBBIE dMaduyeckue KOHTPAcThl,. KOTOPbIE JIekKaT-B 0CHOBE HaOIOaeMOl JINHAMUKY OBParooOpa3oBaHUsl.
[TnoTHOCTH CNOXKEHHMSI MTOYBHI IEMOHCTPHUPOBAJIa CIACAYIOIIMIT FPaleHT: MaKcCuMallbHast — B 0acceiine OryH-OmryH:
143,52 +2,50rcm 3, ymepennas — Ha xonmMax Wpanpe: 130,20+ 2,67 rcM 3, MEHUMaIBHasT — Ha TuiaTo AOymka:
125,31 + 3,63 r cm>. Takoii rpaJuieHT YIIIOTHEHHUS MOXXET OT paHHYUBATh MHPHUIGTPALNIO BIArd B HUSMCHHON 4acTH
6acceiina. Karnonooomennas cnoco6rocts (CEC) BapsupoBana ot 65,16 £5,76 cmmons k1Y (xonmsl Unanpe) 1o
99,28 + 12,69 cmmonb k1! (Gacceiin OryH-OmryH). 9TO. OTpakaeT pasiUuMsl B, MUHEPAJIOTMIECKOM COCTaBe M
COZIEepKaHUH OPTaHUIECKOTO BEIECTBA.

ConeprkaHre TIMHBI 3aMETHO BBIIIE HA BO3BBIIEHHBIX yUacTKax (262,07 + 22,05 r xr ' Ha xonMax Wnanpe),
geM B  Oacceiime  (162,91+19,79rxr!'). OOparHas KapThuHa  HaOmIOmaeTes Ui COACpIKaHUSA
necka (689,50 £32,17 rkr! B Gacceiine). COOTHOILICHUE MECOK/TIIMHA BO3PACTANIO-BHU3 110 CKJIIOHY: ~ 2,2 Ha X0JIMax
Wnanpe, = 4,3 B 6acceiine Oryn-OrryH. DT0 yKka3bIBaeT Ha peodiiaganne 0osee rpyObIX MOYB B 30HaX C MOBBIICHHON
MPEIPaCHOoNIOKEHHOCTBIO K oBparooOpasoBaHuto. ConepikaHue IOYBEHHOTO -OPLaHHUYECKOTO — yTiepoza
(SOC) ommmuanocs HauOONbBIIEH OTHOCHTENLHON HM3MEHUUBOCTHIO (Koddduiuent “Bapuarmu > 20 %). 3T10
MOATBEP)KIAeT CYIIECTBEHHYI0 HEOJAHOPOAHOCTh OPraHUYECKOTO COCTOSHUS IOUB JaXKe MPH B IEJIOM OZHOPOTHOM
PEXHME 0CaIKOB.

Orenka HeomnpenenéHHOCTH Ha ocHoBe Mojenu (Puc. 9) mokaszana ymepeHHYyI0, HO ITPOCTPaHCTBEHHO
COIVIACOBAHHYIO NMPOTHOCTHUECKYIO clIocoOHOCTh. Kitaccnukarop «ciy4aifHbIH J1ec» JOCTHUT CIEAYIOINX CPETHUX
3Ha4YeHWH TouHOocTH: Twiato AOymka — 0,65 (£0,04), xonmmer Upanpe — 0,75 (+0,13), 6acceitn Oryn-OmyH —
0,70 (£0,03). 3nagernss AUC (0,67-0,75) cBumeTenbCTBYIOT 0 Haa&xHoi muddepeHmupyromeii crmocobHOCTH
MOZENHN TIPU Pa3AeICHUH YJacTKOB, MOABEPKEHHBIX OBParooOpa3oBaHMIO, U YCTOHUYMBBIX TeppuTopuil. IIpn sToM
BapuabeIbHOCTh pa3Mepa BBIOOPKH IO y4acTKaM YaCTHYHO BIIMsUIA HA yCTOHYMBOCTH OLICHOK. B 11esom pe3ynbrarsl
MOKAa3bIBAlOT, YTO MPOCTPAHCTBCHHAs HEONPENEIEHHOCTh INPEUMYIIECTBEHHO OOYCIIOBICHA pa3IHIUAMH B
TpaHyJIOMETPUIECKOM COCTaBE M CTPYKTYpE MOUB, @ HE CHCTEMaTH4YECKUMHU OIINOKaMH MOZENH. JTO JOMOIHUTENBEHO
MOATBEPKJAET JOMUHHUPYIOILYIO POJIb MOYBEHHOTO COCTaBa B Pa3BUTHH OBPAroB IPH OJHOPOJHBIX KIMMaTHUYECKUX
YCIIOBHSIX.
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3.4. 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™3),
moderate in Idanre Hills (130.20 £ 2.67 g cm™3), 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 Tesults 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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Puc. 8. CrpynmupoBasHast CTOI04YATAs THArPAMMA, [TOKA3BIBAIOTIAS H3MCHINBOCTD CBOWCTB TI0YB PAHOHOB
HCCIIeIOBaHUH.
Fig. 8. Grouped Bar Chart showing Soil Property Variability across Study Sites
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paliOHOB UCCIIEOBAHUM.
Fig. 9. Grouped Bar Chart showing Random Forest Model Uncertainty across Study Sites
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3.5. Unumezpupoeannas unmepnpemayus nO46eHHO-3POZUOHHBIX 63AUMOCEA3EU

CormocraBiieHHE Pe3yNnbTaToB pa3neioB 3.1-3.4 BBIABISET yCTOHYMBYIO M JIOTHYECKH COINIACOBAHHYIO CBSI3b
MEXy COCTaBOM I04B, Mopdoinorueil penpeda M JUHAMHKOH OBPAXXHOW SPO3MHM B YCIOBHUSX OTHOCHTEIHHO
OJHOPOAHOTO KinMMara. AHajiu3 BpEeMEHHbBIX W3MeHeHuil (paszen 3.1) mokasan, 4ro 3a 25 €T MHTEHCHBHOCTH
0BparooOpa3oBaHMs PE3KO BO3pOCIAa HAa BCEX ydyacTkax. HambOosee BBIpaXCHHBIE MPUPOCTHI YUCIA W IDIOMIAAN
oBparoB 3auKcupoBaHsl: B Oacceitne OryH-OmyH, n Ha miato AOymka. B ommnune ot HuX, Ha xonMmax Mmanpe
pacuMpeHue OBPa)XHOW CeTH OBLIO OTHOCHTENIFHO YMEPEHHBIM. JTO OOBSCHSETCS JIOKaJIbHOW YCTOWYHBOCTBHIO,
00yCJIOBIEHHON: CIEIM(HUKON MOYBEHHBIX CBOWCTB, W TONOXEeHHEM B penbede. IIpm comocraBneHunn
reoMop(OIIOTHIECKUX N3MEHEHMH C TaHHBIME O (PU3UKO-XUMHIECKUX CBOHCTBAX MOYB (paszen 3.2) 3aKOHOMEPHOCTH
MIPEAPACHIONOKEHHOCTH K OBPArooOpa3oBaHUIO CTaHOBATCS odeBuaHee. bacceitH OryH-OmryH AIEMOHCTPHPYET
9TaJlOH CTPYKTYpHO HEYCTOHYMBOro, ObIcTpo 3ponmupytomiero mnanamadra. Ero ominunTenbHble YepThi:
MakcUMajbHasg IJIOTHOCTH -~ ClokeHus (143,5krm>), rpyOblii TpaHyJOMETpUYECKHH COCTaB (comepkaHue
necka <690 rkr'), BbICOKOE COOTHOIICHHE recok/mnHa (=4,3). Xonmbl MaaHpe, HampoTHB, XapaKTepU3YIOTCH,
Oosiee TOHKMM T'paHyJOMETPHYECCKAM COCTaBOM (COfIepXKaHUE TIMHBI~262TKI™') HHM3KMM COOTHOIICHHEM
necok/mmHa (= 2,2), “noBbinieHHbIM cogepxkanueM SOC (268,6 Tkr'). DT CBOMCTBa CIIOCOOCTBYIOT: arperanuu
YacTHL, WHQUIBTPALUA- BJIard, YCTOMYMBOCTH CKIIOHOB. IImaro AOymka 3aHMMaeT MPOMEXYTOYHOE MOJIOXKEHUE:
yMepeHHasl IIFIOTHOCTh CIIOKEHUS ¥ cOaTaHCHPOBaHHBIH IPaHyIOMETPUIECKUH COCTaB 00yCIOBIUBAIOT yCTONYUBBIH,
HO MEHEee MHTEHCHUBHBII POCT OBpParos.

Pesynprarsl kimaccupukam METOIOM «CITydaiiHoro jgeca» (pasmen 3.3) KoMHMYeCTBEeHHO TIOATBEPKAAI0T STH
B3auMOCBs3U. Ha Bcex yJacTKax KiIFOUeBBIMU, IPEAUKTOPAMH HAIWYHS OBPAroB BBICTYNWIN: COAEP’KaHUE MECKa,
cofiepKaHNE TIMHBL, W COOTHOMICHHUE IIECOK/TIMHA. DTH ITOKA3aTeNN HaNpsMyI0 CBA3aHBI C 3POIUPYEMOCTBIO U
CTPYKTYPHOH CBSI3HOCTBIO TM0YB. BBICOKHE 3Ha4deHHs -BaKHOCTH mpu3HakoB (0,15-0,27) moaTBepKAaroT, dYTO
TpaHyJIOMETPHUYECKUI COCTaB UTpaeT MEPBOCTENEHHYIO, POJIb B! (POPMHUPOBAHNH MIPEAPACIONIOKEHHOCTH K OBparaMm.
SOC oxkazancst BaXKHbIM CTaOMIM3UPYIOMINM (GakTopoM (BakHOCTH ~ 0,17-0,20), ocobeHHo Ha ruato AOymka U B
Oacceiine OryH-OmyH. [loBblllleHHOE “COAEp)KaHUWE OPTAaHWYECKOr0 BelIecTBAa: YIy4llaeT WHQHUIBTPALMIO, U
TMOBBIIIAET YCTOWYHMBOCTh K 3apokAeHUIo 1poMout. IlnoTHocts cnoxenust u. CEC okaspiBajaM MeHee IpsIMoe
BIIMSIHHE, HO PEryJHPOBAIN MEXaHWU3MBL) MH(QUIBTpANU M yIepKaHus -Biard. VX posib yCUIIMBaeTCsl B yCIOBUSIX
YIDIOTHEHHBIX WM IIJIOXO arperdpOBaHHBIX TI0YB, T 9pO3NOHHAsT aKTUBHOCTH. BBIILIIE.

AHanu3 TPOCTPAHCTBCHHOW = W3MeHYnMBOCTH  (paszen 3.4) ) JOMOJHUTENEHO  MOATBEPKIACT ATy
uHTepnperannio. Ha ywacTkax .c TpyObIM TpaHYIOMETPUUECKUM COCTABOM -3a(MKCHpPOBAHBI 0ojiee BBICOKHE
KO3 QUIMEHTH Bapualuu: COACpKaHus -Tecka, #._ coxepxkanist SOC..DT0 yKa3blBaeT Ha HEOTHOPOIHOCTH
TIPEAPACHONOKEHHOCTH Marepuaa, ) KOTopast COINIAcyeTcs C- KapTorpaUpOBaHHBIMU. CKOIUICHHSIMH OBpPAaros.
[Tokazaremn kagectBa Momenu (TogHOCTH =0,65-0,78;  AUC=0,67-0,80) CBHICTETBCTIBYIOT, UTO aJTOPHTM
«CITy4aifHOTO JIeCa» yCIENIHO BBISIBUI HA(UIeCKUe 3aKOHOMEpHOCTH: HanbospImas mporHocTudeckas yBEpeHHOCTh
JOCTUTHYTa TaM, TJe TPaHyJIOMETpHYECKHE KOHTPACcTHl Hamboiee BbIpaxeHbI (OacceiiH OryH-OmyH) W IUIaTo
AGymxka). bonee Hu3Kkas HaAEKHOCTh MOIENH IS XOJIMOB M nanpe  o0ycioBiieHa MaibiM 00bEMOM -BHIOOPKH, a HE
KOHIIETITYaJIbHBIMU PACXOKICHUSIMU. DTO NOAYEPKHBAET HEOOXOIUMOCTE 60JI€E IIIOTHOTO M0JIEBOT0 OTIPOOOBAHUS HA
YCTOHYUBBIX BO3BBIIIEHHBIX TEPPUTOPUSIX. B COBOKYIHOCTH IOJIyYEHHBIE ~JIaHHBIE ~BBICTPAUBAIOTCSI B YETKYIO
MEXaHUCTUYECKYI0 KapTHUHY: OBpaKHas 3pO3usl Ha [oro-3amajie M B IEHTpabHOH yacTh Hwurepun — mo cytw,
MMOYBEHHO 00YCIIOBIICHHBIH mporiecc. 30HEbI, Tl Mpeo0aaaT: rpyosie, yIIOTHEHHBIC, I HI3KoopranudHbie (1o SOC)
MOYBBI, — H3HAYaJIbHO OoOJiee YsA3BUMBI K BpE3KE KOHIICHTPUPOBAHHBIX IMOTOKOB, OCOOEHHO NPH: COKpAaIlIEHHU
pacTUTENBHOTO TOKpOBa; M TpaHcdopmanuu 3eMenb. HarmpoTnB, MOYBBI C BBICOKHM( COZIEPYKAHHUEM IIIMHBI U
OpPraHMYEeCKOrO BEIECTBA MPOTHUBOCTOST pasMbIBY 3a CYET: MOBHIIICHHOH CTPYKTYpPHOW YCTOHYMBOCTH, W
YIIy4IIEHHOH HHQUIBTpaly. B3anMonelicTBre 3THX CBOHCTB OOBSCHSAET KaK MacIuTa0bl, Tak HIIPOCTPaHCTBEHHBIE
3aKOHOMEPHOCTH Pa3BUTHSI OBparoB, Habmronaemele B iepuox ¢ 2000 mo 2025

OTOT KOMIUIEKCHBIH CHHTE3 CBS3BIBACT SMIMPHYECCKHE NaHHBIC € MOcieayomuM obcyxaenueM. OH
TIOKA3bIBACT, YTO PA3IMYMS B AKTHBHOCTH OBPAroB Ha TPEX yUacTKaX HE CIyYaiHBI: OHU ONPENEIIIOTCS H3MEPUMbBIMA
MIOYBEHHBIMH CBONHCTBAMH, KOTOPBIE PETYAUPYIOT THAPOIOTNIECKUI OTKIMK U MEXaHHUECKYIO IPOYHOCTh MaTrepHara.
B pasmene4 o>t pesymsraTel OymyT pacCMOTpPEHBI B 0ojiee IIMPOKOM KOHTEKCTE TeOoMOP(OIOTHUECKUX,
KIIMMaTH4eCKUX U 3eMIICyCTPOUTENbHBIX (pakTopoB. ByneT orieHeHo, Kak aHTPOIIOTEHHBIE BO3JICHCTBHS, TTOIOKEHHE
B peibede U METOMIbI OYBO3AIIUTEl MOTYT: MOAM(DHUIINPOBATh HAOIIOMACMbBIC TPACKTOPHH 3PO3HH, CIIOCOOCTBOBAThH
CO3[JaHUI0 PETHOHANBHBIX KapT IPEJPaCIOIOKEHHOCTH K oOBparamM, M (OpMHpOBaTh CTParerud KOHTPOJIS
0BparooOpa3zoBaHMsI.
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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, dnfiltration, 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 tetention'mechanisms that amplify erosivity where soils are compacted or poorly
aggregated.

Spatial variability analysis (Section3.4) 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 suecessfully 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 ratherthan 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 ‘areinherently more-vulnerable to concentrated flow incision,
notably when vegetation cover is reduced orland is.converted. Conversely, soils rich inclay 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 notrandombut 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.

4. O6cyxnenmne

[TpoBenénHoe WccienOBaHUE IIOKA3bIBACT, YTO (U3MYECKHE W XWMHYECKHE -CBOHCTBAa MOYB HIPAIOT
MIEPBOCTENICHHYIO pOJib B (OPMHUPOBAHMHM W TPOCTPAHCTBEHHOM’ PACHpPEICICHUM OBPAXKHOH 53pO3UM  IpU
OTHOCHUTENBHO OJHOPOAHOM pexkuMme ocaakoB. Ha Tpéx mccrnemyeMbIx ydyacTKkax pacIIUpEHHE. OBPaXKHOH ceTu B
nepuo ¢ 2000 mo 2025 . HOCHIO HE CITy4yailHbIA, a CUCTEMHBIH XapakTep M 4ETKO COOTHOCUIIOCH.C. BapUalMAMU
TPaHyJIOMETPUYECKOTO COCTaBa II0YB, WX IUIOTHOCTH CJIOXKCHUS M COINECP)KAHWS OPTaHWYECKOTO  BEUIECTBA.
[NomyuenHbIe JaHHBIE MOATBEP)KAAIOT TE3NUC O TOM, YTO IIOMHUMO OCA/IKOB M KPYTH3HBI CKJIOHOB IMEHHO BHYyTpEHHEE
CTPOEHHE U COCTaB MOYBBHI OMPENEIAIOT MACIITA0BI M yCTOHYNBOCTH ITPOIIECCOB OBPArooOpa3oBaHusl.

3ameTHO OoJee MHTEHCHBHOE pa3BUTHE OBparoB B Oacceitne OryH-OuryH 1 Ha m1ato AGymka 00yCIOBICHO
COYETaHMEM psiia TIOUYBEHHBIX XapaKTEPHUCTHK: IPyOOT0 IpaHyJIOMETPUYECKOTO COCTaBa, MOBBINIEHHON INIOTHOCTH
CJIOXKEHUSI U CHMIKEHHOTO COZIEPKaHUsI OpPraHMYecKoro yriepona. Takue cBOWCTBa OrpaHUYMBAIOT WH(QUIBTpALUIO
BJIard, CIIOCOOCTBYIOT IOBEPXHOCTHOMY CTOKY M (DOPMHPOBAHHIO KOHIIEHTPHPOBAHHBIX IIOTOKOB, KOTOpBIC
YCUJIMBAIOT OTPBIB YACTHI TPYHTA M MPOJBHKEHHE BEPIIMH OBPAroB. AHAJIOTHYHbIC HAONIONEHHS OMUCAHBI M JUIs
JIpyTHX Tponudeckux jnanamadros [34,35]: necyansle, CTPYKTYPHO HEYCTOWYHBBIC ITOYBBI 0COOCHHO MOBEPIKEHEI
9PO3HH BO BpeMsl JIMBHEH BHICOKOI HHTEHCUBHOCTH. B TPOTHBOIIONOKHOCTE 9TOMY, Ha XonMax M anpe nmo4ssl ¢ Oosee
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TOHKUM T'PAHYJIOMCTPUYCCKHUM COCTABOM U MOBBIIICHHBIM COACPKAHUEM OpPTraHUKU JEMOHCTPUPYIOT IMOBBLIIICHHYIO
CTPYKTYPHYIO YCTOMYHBOCTh U HMH(MUIBTPAIMOHHYIO CIIOCOOHOCTh. DTH CBOMCTBA B COBOKYIMHOCTH CHHXKAIOT
SPO3MOHHYIO PHEPIHIO IIOTOKA M YMEHBIIAIOT BEPOSITHOCTh 3aPOKACHHS OBPAroB.

Pe3ynbrarbl MOENIMpPOBaHHS METO/IOM «CITyYaifHOTO JIeca» JIAI0T KOJMYECTBEHHOE 00OCHOBAHUE TOJICBBIM
HaOmonennsimM. [lepemMeHHbIe, CBS3aHHBIE C TPaHYJIOMETPHYECKHM COCTaBOM — B MEPBYIO Ouepenb Coiep)kaHHue
TIECKa, COZIEP KaHNE TIIMHBI M UX COOTHOIIEHHE — CTA0MIBHO 3aHMMAJIN BEPXHHE TIO3UINH 110 Ba)KHOCTH MPU3HAKOB,
MomYEPKUBAsi WX KIIIOYEBYIO POJIb B KOHTPOJE APOAMPYEMOCTH TOYB. Takas 3aKOHOMEPHOCTh COIVIacyeTcsi ¢
KOHIICTITYaJIbHOM MOJENBbIO 3apOXJICHMS OBparoB, NPEIOKEHHOH B padore [36], rae mopor Bpe3KH
KOHIICHTPUPOBAHHOTO IOTOKA", ONPEACISIETCST OalaHCOM MEXIy WH(UIBTPAaIMOHHON CIIOCOOHOCTBIO IMOYBBI U
COTIPOTHUBIICHHEM OTPHIBY udacThll. ComepaHne MOYBEHHOTO opranmdeckoro yriepona (SOC) mposBuiio ceds kak
3HAUMMBIA BTOPWYHBIN (haKkTop, TIOATBEPXKAasl CTAOWIN3UPYIOIee BIMSHHE OPTaHWKM Ha CBA3HOCTh IOYBBI U
MPOYHOCTh arperaroB [37]. Oanako. ero cmsrdaromuid 3gdekr okaszaiucs MEeHee BBIPAXKECH Ha YIUIOTHEHHBIX WA
rpy0O3epHHUCTBIX TIOYBaX, HYTO YKa3bIBAET Ha CIIOCOOHOCTh TEKCTYpHO OOYCIIOBJICHHBIX T'MIPOJIOTHYECKUX
OrpaHMYEHUI HUBEINPOBATH ITPEUMYILECTBA XUMUYECKON CTaOMITU3aInH.

AHaM3 TPOCTPAHCTBEHHOW, M3MEHYMBOCTH UM  HEOIPEACIEHHOCTH JOIOJHHUTENIBHO —IOATBEPXKIAET
HAJAEKHOCTH _TIOJYYECHHBIX BBIBOJOB. JlManma3zoH 3HaueHwid TouHocTu ™momenu (0,65-0,78) u momamu mon
ROC-kpusoii “ (AUC = 0,67-0,80) cBUIETENHCTBYET O YMEPEHHOW W BBICOKOH IPOTHOCTHYECKOM CIOCOOHOCTH,
HECMOTPsI Ha Pa3iKsi B 00bEMe BBIOOPOK. CTaOMITBHOCTh PAH)KMPOBAHMS BR)KHOCTH NPU3HAKOB Ha BCEX yYacTKax
YKa3bIBaeT Ha YCTOMNYMBOCTD M TIEPEHOCHMOCTE BBIABICHHBIX CBs3el «1mouBa — oBpar». Heckonbko Oosee BbICOKas
HEOIPeNeIEHHOCTh MOJCIH U XOJIMOB' VmaHpe oOyclioBiieHa TIaBHBIM 00pa3oM MajbiM O00BbEMOM BEIOODKH U
OTHOCHTEIBHON OJJHOPOAHOCTBIO ITOYBEHHBIX XapaKTePHUCTHK; @ HE HEAOCTATKAMHU CaAMOW ITPOTHOCTHYECKOH CXEMBI.
OT0 MOMYEPKUBAET BaKHBIM METOIOIIOPHYECKHUI-BBIBOA: B CIOXKHBIX TPOITMYECKUX JIAaHAMA(PTAaX TOYHOCTH MOAEIH
MIOBBIIIAETCSI IPU POCTE BapHaOEIbHOCTH MOYBEHHBIX CBOMCTB U INIOTHOCTH PENPE3CHTaTUBHOTO ONIPOOOBAHMS.

IMoMuMO MexaHM3MOB, CHELM(UIHBIX IS (OTACNBHBIX. yYACTKOB, ITOMYUIECHHBIE PE3YIIbTaThl HUMEIOT Oonee
MIMPOKHE TTOCIACGACTBUS I yNpaBleHus JanamadTaMy. -JOMAHIPYIONMIas POjIb IPaHyIOMETPUUECKOTO COCTaBa U
SOC B OObSCHEHMM HalW4Msl OBPAaroB- NOAYEPKUBAaET HEOOXOAMMOCTH CTaBUTh BO IJaBy YyINla YIpaBlieHHUE
CTPYKTYPHBIMHU CBOHCTBaMH II0YB MU pa3paboTKe Mep OOpLObL-C 3po3ueii. Takue MeponpHsTHs, KaK MYJIbUUPOBaHHE
PaCTUTENBbHBIME  OCTAaTKaMH, ~ CHIDKCHHE HMHTEHCHMBHOCTM OOpPA0OTKH ~TIOYBBI, M 3aKpeIUIEeHHE ITOBEPXHOCTH
PacTUTENBEHOCTBIO, CIOCOOHBI CYIIECTBEHHO  CHU3UTE PHCK 3apOXKJACHHUS OBPAroB J1ake IPH HEU3MEHHOM pPEeXnMe
0CaJKoB. BrLiBIeHHBIE YCTOHUYMBEIC B3aUMOCBSI3M. TAKXKE -CO3MAIOT ) OCHOBY JUIS.) MaclITaOWPOBAHUSI KapT
NIPEPACHIONIOKEHHOCTH K OBparaM C MCIOJIb30BaHWEM ANMCTaHIIMOHHOTO 30HIMPOBAHMS ¥ IIOYBEHHBIX 0a3 IaHHBIX.
OTO TO3BOJINUT BHEAPSATH CUCTEMBI PAaHHETO OHOBEIICHHS 1 IIPOCTPAHCTBEHHOTO IIPHOPHTE3NPOBAHUS MEPOTIPUSTHH.

Kaprs! oBpakxHOH ceTH, TOCTpOeHHBIE 11 11ato AOyzka, xoiamoB Mnanpe n 6acceiina Oryn — OcyH, 6putn
BepH(PHUINPOBAHBI MyTEM TIIATEIHFHON BH3YAJIFHON . IEPEKPECTHOMN , IPOBEPKH M -HAJIOKCHNS Ha CHUMKH BBICOKOTO
paspemenns u3 Google Earth 3a coorBercrByronpie roabl (2000 71)2025). JlenuMuTtaiius OBparoB BBHIIOIHSIACH
BPYYHYI0 IO MHOTOBPEMEHHEIM CIYTHHKOBBIM KoMmmosuTaM ' (cHuMku Landsat m Sentinel).) DTo ‘mo3sommio:
00eCcHeYnTh COIIaCOBAHHOCTh MPOCTPAHCTBEHHBIX, IPAHHIl-H CBECTH K MHUHHUMYMY OIIMOOYHYIO KIACCHHKAIINIO
JIMHEHHBIX 9p03HOHHBIX (popM. C yuéTom nanamadTHON COKHOCTH TeppuTOpruu HUrepun u nokansHOTro Xapakrepa
Pa3BUTHA OBPAaroB TaKOH MOAXOX 0OECTIeUM BBICOKYIO MHTEPIPETAlHOHHYIO TOYHOCTE: XOTS (hopMasibHasl OLEHKA
TOYHOCTH Ha YPOBHE MHKCEJIEH He TPOBOAMIACH (TIOCKOJIBKY,0Bpark Ol (ypOBBIBAIIICE B BUIE BEKTOPHBIX ITOJIUTOHOB,
a He KJIacCU(HMUIUPOBAaHHBIX PACTPOBBIX CJIOEB), OOILIas MPOCTPAHCTBEHHAsI JJOCTOBEPHOCTE WHBEHTAPU3ALMOHHBIX
JIaHHBIX 110 OBparaM OIIeHeHa Kak mpeBbimaromas 85 %./ DTOT MoKaszaTeslb COIIacyeTCcsl C pe3yibraTaMHu
TIPE/LIECTBYIOIIMX FeoMOP]OIOrHIecKuX KapTorpagpoBaHuii B @HaIornuHbIX ycnoBusax Hurepun. Takum o6paszom,
3a(h)MKCHpOBAaHHBIE BPEMEHHbIE M3MEHEHHS M 3aKOHOMEPHOCTHU IUIOIIAJIHOTO PaclpoCTpaHEHHs OBparoB Ha TPEX
KJIFOYEBBIX YYacTKaxX OTPaKaroT IOCTOBEPHBIE U reorpauuecKy COrTacOBaHHBIC TPEH/BI Pa3BUTHSI OBPAXKHOW CETH B
TIPe/ieNax BIKHO-TPOITMYECKOH 30HBI CTPAHBI.

HaxkoHen, jaHHbIE 0 CTPEMHUTENBHOM PACHIMPEHHN OBpaXkHOU ceTH 3a nepuon ¢ 2000 mo 2025 r.-yka3sIBatoT
Ha TPEBOXXHYIO INHAMUKY JIeTpaJalliy 3eéMellb, 0COOCHHO B HU3MEHHBIX OacceifHax, Iie COYeTaroTCsl aHTPOIIOTeHHAS
Harpy3ka M HEYyJOBJIETBOPUTEIBHBIM ApeHax. be3 LeneHanpaBiIeHHOrO YIpaBJIEHUS CTPYKTYpOW IOYBBI U €€
THAPOJIOTHYECKUM PEXHUMOM DPA3BUTHE OBPAXKHBIX CHCTEM MOXKET INPOJOJDKATHCS HEIWHEWHO, co3[aBas yrposy
MAXOTHBIM YTOIbsIM, HWHQPACTPYKType M YCTOHYMBOCTH O3KOocHcTeM. CIeOBaTeNbHO, BKJIIOYEHHE ITIOYBEHHO
OpPUEHTHPOBAHHBIX MHJMKATOPOB B IUIAHMPOBAHUE 3€MJICTIONIL30BAHHS M TIPOrPAaMMBbl BOCCTaHOBJICHHS BOILOCOOPOB
ABJIACTCA HeO6XO}II/IMI:.IM YCIOBUEM JJIA yCTOI‘/lI‘-II/IBOFO CHUXXCHUA OPO3UOHHBIX IOTEPDb.
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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 withhigher'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 usingremote 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 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. 3akmroueHue

B HacTOosmeM ucCIeOBaHUM IPEACTaBICHA KOMILIEKCHAs OLIEHKA BIMSHUS CBONCTB IIOYB Ha
MIPE/IPACHIONIOKEHHOCTh K OBPa)KHOHM 3p0o3UM Ha TPEX reoMop@ONOrHUecKiX y4acTkax B Hurepum: mmaro AOymxa,
xonmax HMpanpe u OacceiiHe OryH-OcyH. Bce yd4acTkM XapakTepH3ylOTCsl €AMHBIM pexuMoM ocajakoB. C
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UCIIONIb30BAaHUEM Mojenu «ciydaiiHoro seca» (Random Forest, RF) n mo4yBeHHBIX mepeMeHHBIX, M3BICYEHHBIX
UCKJIIOUUTENBbHO M3 0a3bl jaHHbIX SoilGrids, aHanu3 mokasaja: CBOWCTBa IOYB HMIPAlOT CYLIECTBEHHYIO POJb B
WHHULMMPOBAaHUU U Pa3BUTUH OBPAaroB Ha TEPPUTOPHUSX C PA3IMYHBIMHU JIMTOJOTHUECKHUMHU M TONOrpadUueCKUMU
YCIIOBUSIMH.

Cpenu uccieoBaHHBIX NEpEeMEHHBIX Hanbosee 3HAYMMBIMH TPETUKTOPaMU HAINYUSI OBPAaroB OKa3aJIHCh:
coziepKaHNe TIECKa, COIEPKaHUE TIIMHBI M COOTHOIICHHE MECOK/INIMHA. 3a HUMH CJIEYIOT: IOYBEHHBIN OpraHMYeCKUN
yrinepoxn (SOC), IIOTHOCTH CIOKEHUS TOYBBI U KarTHoHOoOMeHHas crnocoOHocTh (CEC). OTHOCHTENBHO BBICOKAS
B)XHOCTh TEKCTYPHBIX MTOKA3aTeNeil CBUIETENbCTBYET O TOM, UTO TPAHYJIOMETPHUECKHN COCTAB OCTAETCSI KIFOYEBBIM
(hakTOpOM, PETYITUPYIOMINM ~MH(DUIBTPANNIO U CONPOTHBICHUE CIBUTY. ODTH CBOMCTBA HANPSMYyIO BIUSIOT Ha
(opMEpOBaHUE W PACIIMPEHHE OBPAaroB. BrICOKas pe3ynbTaTUBHOCTH Kiaccudpukanuu (obmas touHocts — 0,88,
Fi-mepa — 0,88) moarBepkaaeT Hag&xHOCTh MoAen RF B oTpakeHUH CIOKHBIX B3aUMOCBS3eH MEXIY CBOHCTBAMU
MOYB ‘U 3pO3UeH. AHaNM3 NPOCTPAHCTBEHHOW M3MEHYMBOCTU JOTOJHUTEIBHO MOKa3ajl: CTEHEeHb BapualOelbHOCTH
MOYBEHHBIX XapaKTEPUCTUK COOTBETCTBYET pa3NIMYMsIM B INPEAPACIIOIOKEHHOCTH K oBparooOpaszoBanuo. Tak, Ha
iaro “AOympka oTMedeHa OoJiee BBICOKash HEONpPEeJEHHOCTh, OOYCIIOBJIEHHAs YMEPEHHBIM pa3zHOOOpaszueM
rpaHyJIOMETPUYECKOrO, cocTaBa. B 1o ke Bpems Ha xoiMax MpaHpe 3adMKCHpOBaHBI OTHOCHUTEIBHO OJHOPOIHBIC
TIOYBEHHBIC YCIOBHS Y MEHBIIIAsl HEOIIPEAEIEHHOCTD.

[MonyueHHble pe3ynbraThl MOTUEPKHUBAIOT: JaXXE IIPHU COIOCTABUMBIX PEKUMaxX OC3JKOB JIOKAJIbHASL
HEOIHOPOIHOCTh TMOYB CIIOCOOHA CYIIECTBEHHO M3MEHATH PEakuuio JaHgmadTa Ha 3po3uio. JTO MOATBEPkKIAET
HEOOXOANMOCTh YyU€Ta TMHAMHUKH IIOYBCHHBIX  CBOWCTB *— B IIEPBYIO O4Yepelb I'PaHYJIOMETPUYECKOI0 COCTaBa U
COIEpKaHMSI OPTaHWYECKOIO BeMmeCTBA —— IIPM MOACIMPOBAHMHM 3PO3HOHHBIX PHCKOB W  IIIAHUPOBAHWUH
3emutenionib30BaHus. C TOUKH 3pEHHs YIIPaBICHHS, MEpPbl, HAaITPAaBJICHHbIE HA ITOBBIMICHNE CTPYKTYPHOH YCTOHUMBOCTH
Mo4yB WM. oborameHne WX - OpraHWHEeCKHM - BEIIECTBOM, ~MOTYT 3HA4WTENBbHO CHU3UTH HMHTCHCHBHOCTH
oBparooOpazoBanus. K TakuM(_MepaMm ~OTHOCATCSI: BHEAPEHHE IIOYBO3AIIUTHOW 0OpaOOTKH;BOCCTAHOBIICHHE
PacTUTENBEHOFO MOKPOBA, U LIENIEBOE JIECOBOCCTAHOBIICHUE HA CKIIOHAX, ITOIBEP KEHHBIX IPO3HH.

XoTs1/Uccae0BaHNE - AEMOHCTPUPYET  BBICOKYIO -IPOTHOCTUIECKYIO CIIOCOOHOCTh MOJEINH, COXPAHSIOTCS
ornpezieaéHHbIe (HEONpeneaEHHOCTH. B “MepBylo ‘ouepe/b OHHU ~CBSI3aHBI € MPOCTPAHCTBEHHBIM pa3pelieHHeM
TIOYBCHHBIX Ha60pOB JAaHHBIX' 1 OTPAHUYCHHBIM KOJIMYCCTBOM BaJIMAAIIUM Ha KOHKPCTHBIX Yy4YaCTKax. B 6y,[[yI_HI/IX
UCCJICJIOBAaHUAX LIENECO00pPa3sHO HMHTETPUPOBATh JIaHHBIE ITOYBEHHOTO- 30HAMPOBAaHHS BBICOKOTO pa3pelleHHs C
THIPOJIOTUIECKUMH U TeOMOP(OIOrHYECKHIMHI TIEPEMEHHBIMU. DTO MO3BOJIUT IMOBBICUTH TOYHOCTH MPOTHO30B U
pacuIMpyUTh BO3MOXKHOCTH UX TIepeHOCa Ha aHAJIOTHYHbIe JaHImadThl. B)nenoM nposeagnnas padboTa MoKa3bIBaeT:
MOHUMaHHE TPOCTPAHCTBEHHOU -M3MEHUMBOCTH CBOMCTB, TIOYB | CO3JAET - BaKHEHIIYI0” OCHOBY JUIsl pa3paboTKu
YCTOWYMBBIX, aJalTHPOBAHHBIX K KOHKPETHBIM YCIOBHSAM Mep OOpBOBI C'3po3uel B HONYBIaKHBIX JaHAmadTax
Hurepuu.

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 F1-score of 0.88) underscores the reliability of the
RF model in capturing these complex soil-erosion relationships. Spatial variability analysis further 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.
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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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