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Soil erosion is one of the most important environmental challenges in mountainous and
developing regions, where it is intensified by both natural and anthropogenic factors.
This study aimed to investigate changes in soil erosion risk severity within the Yasuj
urban area from 1992 to 2025 using the SL 190-2007 standard and remote sensing data
within a Geographic Information System (GIS) environment. Slope angle, land use, the
Normalized Difference Vegetation Index (NDVI), and Vegetation Fractional Cover
(VFC) were used to generate soil erosion risk maps. The results showed that the
proportion of the study area classified as having severe, very severe, and extremely
severe erosion risk increased from 36% to 62% over the study period. This increase was
primarily associated with the decline in natural vegetation cover and the expansion of
agricultural land and residential areas, particularly on sloping terrain. These findings
highlight the need for improved land-use management, vegetation conservation and
restoration, and the implementation of watershed management measures to reduce soil
erosion risk and promote sustainable development in the Yasuj urban area.
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EXTENDED ABSTRACT

Introduction: Soil erosion is one of the most important processes of land degradation and one of the fundamental challenges of
sustainable management of natural resources, especially in mountainous areas. This phenomenon is intensified under the
simultaneous influence of natural factors such as land slope, climatic conditions and vegetation cover, as well as human factors
such as land use change, agricultural development and urban settlement expansion. In recent decades, increasing human pressures
on mountainous lands have caused widespread transfer of lands from low-risk classes to higher risk classes, resulting in
consequences such as reduced soil fertility, increased sedimentation and threats to ecosystem stability. Yasouj City around is
considered one of the areas susceptible to soil erosion in southwestern Iran due to its mountainous topography, relatively significant
rainfall and extensive land use changes. Despite the importance of this issue, comprehensive and long-term studies on the trend of
changes in the severity of soil erosion risk in this region are limited. Accordingly, the aim of the present study is to investigate the
trend of changes in the severity of soil erosion risk in the area of Yasouj City during the period 1992 to 2025 using the SL 190-
2007 standard and remote sensing data in the geographic information system environment.

Methodology: In this study, in order to assess the risk of soil erosion, a combination of slope angle, vegetation cover and land use
parameters was used. The slope angle was extracted from the digital elevation model. Land use maps were prepared and validated
using Landsat TM satellite images for 1992 and ETM+ for 2025 and using the supervised classification method using the maximum
likelihood method. In order to quantify the vegetation cover, the normalized difference vegetation index (NDVI) was calculated
and the vegetation fraction (VFC) was extracted using the dual pixel model (DPM). Finally, based on the SL 190-2007 standard,
soil erosion risk maps were prepared in six classes: very low, low, moderate, severe, very severe, and extremely severe, and their
spatial-temporal changes were analyzed.

Results and Discussion: The results showed that during the period 1992 to 2025, the soil erosion risk pattern in Yasouj City
around has undergone significant changes. The area of severe, very severe, and extremely severe risk classes has increased from a
total of 36% in 1992 to 62% in 2025, while the share of very low and low risk classes, which included more than half of the area
of'the region at the beginning of the period, has decreased significantly. The study of vegetation cover changes indicates a significant
decrease in dense vegetation cover and an increase in the area of land with weak vegetation cover during the study period; such that
this change in the pattern has significantly reduced the protective capacity of the soil against the impact of raindrops and surface
runoff. Also, the results of land use changes indicate an increase in agricultural lands and residential areas and a decrease in the area
of forests and pastures. These changes, especially in sloping lands, have disrupted the soil structure, increased the runoff coefficient,
and intensified the risk of erosion. Although more than half of the region is located on slopes higher than 15 degrees, and this factor
provides a natural background for erosion, the results show that the human factor, through the destruction of vegetation and land
use change, has played a more decisive role than the slope factor in increasing the severity of the risk of soil erosion.

Conclusion: In general, the results of this study show that the increasing trend of soil erosion risk in the Yasouj City area is a
serious alarm for the sustainability of soil resources and the environment of the region. The use of the SL. 190-2007 standard, along
with remote sensing data, has a high ability to identify critical erosion areas and analyze their spatial-temporal changes.
Accordingly, controlling land use change on high slopes, restoring vegetation, and implementing biological and mechanical
watershed management operations can play an effective role in reducing the risk of soil erosion and improving land sustainability
within the Yasouj City.

Keywords: Soil erosion risk, remote sensing, vegetation, land use.
Article Type: Research Article

Conflicts of interest: The authors of this article declared no conflict of interest regarding the authorship or publication
of this article.



(T‘)V‘\ 092

YEYF-was : Sy 2SI Ll

Towb 2w (90l 3 S ol y8 plad s Ol gkl Wigy (w29

SL 190-2007 > laitiw! 31 saleiw! b

Y losd bgy | Gt WobyE agung | ¥ ooyl conno

Q‘ﬁl ‘E}ulg. ‘E}ulg. olXuisls S § e 9 L;v...Jo égLLa 01D cCaanls (WA 09/5 A
m.armin@gyu.ac.ir :4.bLl,

oS o eV
Co5 48 39y 00 Jlosbey dags Jb )3 g SlansS” 3blie )3 (Jazmecin ) S Wle (n e Jl (o SB Sl Wl £o)

# S il ylad s Ol i Ky owyp (ol ol 5 Bar D9 o s Sl g b Jolge 5
5l s sodls 9 SL 190-2007 > lstiw! 5l eolaswl L Y+ Y0 LAY sba Jlu Sloj oysd (o zawl soud 0dgaxe
X W) JLO)J ua_’>l..3 ‘LS‘DI)‘ d);)lg s 4)5‘) L;Lm)ml)l.; dalllao O’I )2 o u)l.._‘i‘)a} OleMb! dilolus la..m 2092
S 54y layd fas it 4 yshiods (V) oS sy (6o 5 (NDVI) ol sy ol
odlall 598 5 L (S wuad il s Jas cla S Coliis do pd (yp 3590 (Sloj o3l p3 aS s L s
S 5 e (BLS iy Sl o & Baes gaudge ol o ol il (3 0oy BV @ a0y VP Sl s
Copde Cogpd gl ool Sl sl ddlate 3 Jlacadd (B )3 ofghr (SeSane 3ble 5 (55)5liS ()
i 9 S ol b lad ialS jglated; 5550l Ll (il g (LS Gidy, (bl g cblis (o)) 5,8

2yl K1 Towly b 039a5t0 )0 Il drwgs &

g3y Al

VFFNYIVA iCdl > &\
VO YIYY 16,5550 )b
AR R ERS IRy Y

VE-0/ V)4 2L g 6

:La:a)ls.»JS
(2L il
SE gl b
99 J i
Sl sl

4,2 SL 190-2007 5,lx5biasl 51 ookl b zgwl s cygelym 13 SB Liliob ylas o &lpis Dgy gy (VF+0) bgy ¢ Sloyed cdaung 6y LWicylyB pmmn £ oppe,] 1D W]
DOI: hitp//doi.org/000000000000 ¥AY-¥2A (¥) Y& «s,b550] 5 sise

'OI)‘Q; oKl Ql)Lwl : ).«)U




VE-D o o)los i g 2o 0,93 )35l g 2 s YAS

Ao .
2348 oo i) s 6yl 5 2l ool 00l 50 ol (B e ditaos bt (bl ) (S lsiear S
ol ; SlLbbe oy ete 3l (S5 g 039 gykae ludl Gl (> g o) (sl s s Glysa SB il gl b
olse Al gty g 0128 1 365 o] sy 1 S 3 o b 48 Gl cdd S Lo 239500 ylasby 5y ol
e a3 0aiplon] Sllbs oLl (Parlak et al, 2007) g5 oo Jitio 5505 (slalSio 4 3 b o ulas (gloims s
Mo (gdod W dgus yialS ol pl a8 ol S Cdyy0 9 yiolwyd 5l b s sadcy 5o sl ooy OA dgus
5 S SB islw,d (Bruce et al., 1995) cowl arsl JWsa |y Jaseccnj 03 5ius sladoly 595 5 (6555liS &Y game
ale sl 2l cage (a5 (sl (bl Gsllal (glasaly sl b & col (L3N] 55 Jelgs (it
lopotnasgST ae 3)Slos (IS Cgus; (aliEl g ST (638 Juols Sl L odysy cnl 290 55l (slaojon )3 ofagts om
et ) S alpsd (ool g ol sl il wel (SB sl d 095l (Keesstra et al, 2016) a0 ,l,8 ,..al., o |y ol wle g
5 el 03yius sladely sbnl b ody (l Ve oA cgianl) 39000 ald o iz 3blie )3 (Sl o5 a3
oty S il 5 o ) ot G s (50585 o 201 5 (538 i 3 ot st BB (ool oLk
9 <A (Pimentel et al, 1995; Park et al, 2011) 395 o0 oyl ( Sd9ll il53l 5 O] wlie CusS Cdl Corgo maimmo pé g pakimme
ele iy S, i o Ly 4y iy o el Gl (el g ) acguine | b 515 il 18 (5550
(TN (o185 Sutogs) sy ALsls o428 ypens g M i Al m

369 5 S pliond 5 (o5 oS oS5 sl bl & olgisn S5 el 1 e o Sl e
sloslatal ¢ syl 51 uLU (o)l o you yubas Sludl sl led ¢ Jilis jo (Laflen & Roose, 1998) 5,8 o)Ll 2lS jidig o1y
Soilogcdly (3518 g (55,9iS (ol 4 ool Joas 5 S w55 ofists o) 5ol st (85 psltS ceslials (sla by,
Olpeds SB idey <y 4 oie Jelse opl . (Montgomery, 2007) 1S’ o ] S ol yd 05 )0 ok Wi b (Slyes
O 3 )l el 4 (oliwd e 3 Elge 9 LAl (p ke g 0ad ameln ) slale s o paiedl 5 (So
piY SB iale bbb lasely Sl (xS ole (sl cnlply (YT ()lSen g lilye) gy o laddy (b wlio g (55y5liS
e SSoill g ool p 38> )l ol ISl b 05,8 )18 sy 2090 ol s nizmed g oy ol e Jelse el
ool 3l ol Ghomis el o o lie Sl g 039 iy ISl (Sllre ilisie slagiyy Sl gySore b SB )y
(Mirchouli et al., 2014) cusl J3)55 35 slodsg

o2l Pt b1l Ay (odamie (slaJde  blis g 0 pde cladyaly gt g S Gilyd i 3,905 (bl j
g SB il Jao S(WEPP) S ol wyd dwyiw Jdo O(USLE) SB ol wyd Sl ables 4 g o o Jio
Arnold Yu & Rosewell, 1996 Flanagan & Nearing, 1995) 5,5 o,Lsl Y(EUROSEM) SB- sl o)l Jse o (SWAT)
ol 3 ol gl «SB il 590y Calise (o Jito 0353 3,8 g dxwgi 3939 b .(Morgan et al., 1998 et al., 1998
3 o Jso 5 o5l gy 33 5 alata o (Sl (6 (53 5 (S sl Ll 5 i g ot o Jao
yobods |y b d s byl s bl e bl didly laeo Laglyid b gyt kil CablB &S 5 oges g sl (clnd,lsiliul

! Universal Soil Loss Equation
2 Water Erosion Prediction Project
3 Soil and Water Assessment Tool
4 Buropean Soil Erosion Model



YAY IhlSa 5 gl /ol 30zl b gl 3 301y 33 ST gl sl s s Wiy sy

3 ol 03s @8] ps O olie @)l baugs 45" SL 190-2007 5,6kl j psls imgh p cplply ams il as o b6
ol 04 o3l Zowl o 03gdzxe ) S’ Oiulo,d s Oy u"l"))‘

b g 50 Gl d8)5 Syso loa 5 ol 3o (3L Slalllas oSt Cguw) g iolawyd sla Jso jloola ol b alayly o
) s § A 3)91).3 S > 5 YYD eVl SB Lol d (1:0ke )90 5l o w glaodls g RUSLE Jaws jl (050500
b ccasimgis 33 (YoV ) T cygmumyol (Yo i i g (90m0) A Byme S by yhes ol 0diiSdgame Jolo oy Setee (ylgreds
i 2 S et 4 g 0390 yoid Jlo )3 0)lgen C gR ol 93 a8 oy jlis laassl 63,8 3,4 S59Se — SIGY ailsng,y o 1,
—u&l.o.ab-l c\a_uu?., )‘ u_u.’l.’ u_.o])l df)lf u‘).u.su rb.A.QA_M.AA ).uL J.J.) <\JC J.ALC ‘U”‘ » 09)4.6 A ))91).: JL.» PR ).a.;o}l..g » L)J
A d bl SgSe — SISY wilagy ddgs )0 SB Giolwyd 13 Jolse o 5550 51 (S olgisay ¢ golaidl

aS bl s plisdl si e > @ly (Ko jusol 3 S cdypun 0,y 365 Limgi o (VoV+) oL Ken 5 Womsls
S oty 15151, S oy e ljsn e WeSis 45 b dlio 3 550e Comninly (la i 5 5yl (st
a9 Sl oyl 55 g b Jolge 0 pin Cunidg ol ol 0aii 3590 1o )3 VWA g aod Yo/ N Cus a0 Lol e
Cdy,0m 39l (6l g »3 (2021) Fyliste I (g Dgud g 0315 o (65y9litS o)) > blis Canlie @lolidl (6,5 Sy
b icde )b bl a8 ol LS o (65530 gy (GIS) sldl e CleMbl alolw g RUSLE Jao 3l ooliwl b S
b bl clacdld b cov sle oS Jb s Sl o o5 VWAY Ll S il d clise oppieS cansVl sl JKis
U oy & oy 0 (VFre) e 5 S 00y M8 0 450 1) SB ) jun Hlade oy Jlaw o o AAFYF
Sl 3l G 090 b dolie ) ¢ dad Cuxsg 0 &S ol LS uls sy y oy Mgl g Ginlwyd e p sl @leldl
SalS CaSoyio OVVY dgds a5 ls Gigusy w9 caaSeoyio SYAY bauvgio jobo a1 4Vl sl b Jlade gyl ol blis clag b
SRUSLE Jas J| o0 b S il 5o 5 loj g sl o 4 cslealian 55 (VYD) (siimo 5 (o el
5 dibaie Colue jl aoyd Ae dgas a8 3l Lis g opl gobs sl EBYT cladiely > dlo ¥+ 0,95 <G )3 (slojlgale (slaosls
5 yieS Gl b aislwyd gla WS a4 Jb pn oyl )13 Jls o )l jo ¥ UV 0 SB Gl e b sad iol,d S
b g ) (YoV0) 25 ilosly jolaid] o &y ) ddlate colime jlao)d A dgas b o Jluw 3, 5 o5 Ve B Ve o5l o
W30)S Ly oy Gy lesd ol S ddlaio 3 Sl 5 o gy |y (Buid (il 8 RTKS sl (slaodls ) eolil
Lg)g)‘s E9 9 ),)j 0)9> Caxawg cdlald o S5le J.o]y— 9 6391 Juud adllao dy90 L;h’bd.\o ulsl 5 (_5.9.)0 uw.:l.u:)ﬁ as ol uL.uJ ('?La
2 iz (slojlw 4 Coud gy Gloli8l gYL LK 5 adlllas cpl cpizman )y isluoyd F 35 0 (glodiS i iE Sl )
5 S s slaosSais, gisS] 1 SB (ool il a8 waly L (YY) Vb o)l ST Buis il s gylul o 8
2l ide g b b o s g ol Sl el 5 ol ol 18l cov Slisaes g Sts bl pigiglen e

! -Ministry of Water Resources of China
2 Powerson

3 Khanchula

4 Sidi E1-Mukhtar

5 Zhang

6 Real Time Kinematic

7 Yang



’f‘O;VOJ[oJ(‘U"qJ[M 0)})rd)/.)):.,.’>@/’}ct;).¢ YAA

9 ol Sloj— e slacSiolus FPLS-SEM ¢ auldl g 593 5l i (slaosls RWEQ! Juo il odlil b sl .aibly oo coglio
O 2LS ibgy sl g Casl (5l 1l 5 Yoo Jlo B Sl yd (I Sk gl 008 s ) o S e (lapunlSo
Pl apmin g o Ly b clite Sailss] (st slacslial b Caenl 1 adllan o) b il oo 5o 8
5 203 T Sl bl SlansS S s05 el ol Ll se gyl s Bl blie 5 o 45T T 5 S ol
dnawg o Flundl (rolSBgSa (S 9y 00 Jlosbas S iyl b st 3ble jl 3] laans )3 (S]] (op)l8 035 Sy
S 5 gl (slosely 5 03,8 035 alate ) 21y S Lo s b B sy Sl 5 (5558 )
Ao 30 slaunlio 5 zols Slalllas ¢ Jlo opl bl iy Jlida 1y aub mlio o y50 5 (605 g, Gl S g5 ol
oy oyl (Juol Ban (bl Cpl ol dgaome iy Slej (slaojl o cddlaio pl o SB il yd Jlad s Ny canyy
SL 190-2007 3 lxbuw! jl ool b ¥+¥0 b VAAY gla Jlw (b zowl o 03500 0 SB ol yd s il &l s K9y () p

Gl (GIS) (sldl e SleMbl g e 13 (slojlsale pglas o

Ligy 99190 .Y
ls'o)yis:dp 15,5 4 gl aolidly 03 5L 0o (sladiels g zowl (S SHb a4 Jlos I zowl b 039350 dalllas 3,90 ddlaie
DYV ¥ L,,.,L_‘ﬂ).o Cuxdgo ) dalaio pl .ol dgizee WM g g plo 40,5 & 3, )I9>L»|)9)A_99L;Lpol)auu); 5! ¢f9).«_w.)
9 YYFY iy ddlaie gl JSlas o yiSlis ol oa s @ly Jloois oy Yo AT LYY 9L5_9HJ?.‘90\0\ i
dalaio IS CouxBas w00 il yio Lo AYY/A dgus dalllas 590 dalaie jd (SW)b 1Sl cml by o 51 0 VSYY

ol 00 031y LV S )0 denl g 5 410l SRS liwl 5 oyl auiS 40 addllas )90

S g 5\ =Y
oirlissp Slllae 3 el )03 el dono b alio 53 Jors 4 53 ialus b g8y oms Jloi] 08 (uaed Vgoms iolunsd jlas
By Jle plyiedr 95 bl (&S ©ygmo NS Jalse 320kl g |y patie dilais S 3 (ol jlad (S
(S ng Jolse 8L Cos S (il b o 5 50 dald 2bj (b s il dbj cad 28l oS alS iy,
Ol Slalyd 5 e i (Wang et al., 2013) Cowl (yoj ey s SB gl yioluwyd «Dllgy g oLl cond  alS jidg
S Caoglin 0158 s Jalse cywa s g (dLS Loy 45 oy ditad waldl ,5b o6 4 dian S5 Uil 5 Lage Joloe
hl ) 5 (LS Lidgr cowd gl e Jodll S il 2 Gl ) SB Gl 8 jlad cplply it ol 3 jlas &
byl sly oalaiwl 350 Buis gy Cawl 0l 0l LS Y JSS (3 BainS hgy Sbys Jlged (Zhang et al., 2010) 5,8 L)l
b b 3l sl T VFC) (a8 Sidbgy 65uS 5 (o3l) ()l e gl yolyly ds dag alojls adlllas ol 5> ol b ks
Jls S ETM caosdd 5 YVAAY Jlos 3 TM o) olglo yyolans 5 sl (650,18 4 b gy lis,) oosd Jobo 5l o0lizl
2ok (g5loi)l g 390 Slles ¢ oogd) (slobjhy Cae yglad (sluodlel yolaio dy Sl)) (6 )l8 Ak g, b 4g V-0
($ire () pgbal célo g ol (radlye Jlloo (gl oS 5 oy a3 LS (LS lapadls ang (sl S 90 dlex
A5 gy 38 ol Como g ploml Jlal Sl gy b lolgale jiglad oad s (guidil s 5 Jlos! gluas g

! Revised Wind Erosion Equation
2 Partial Least Squares Structural Equation Modeling
14 Vegetation Fraction Cover



YA (J/)Mﬂ wﬁ)i/..}/onw/L@wé)e,«JU}ob#)) wa;[w)ﬁ)b Sl CJW,D}) =y

40°N 40°N

36°N- > I-36°N

32°N R 320N

.
28°N [-28°N

24°N - 24°N

33°15'N

T T
48°30'E 48°45'E

-wl,‘_”p u,,l.-ﬁfal'_.lD aslllae 390 dilaie S9a>

1:600,000 :gdas wlie

UTM  :Slaiie pre

39N iy

Datum: WGS 84

Ol 0528 5 d0xlgr 5 sl SeS liul > adlllas 390 dilais IS Cusbse Y JSW

5 oLS .(Vrieling et al., 2008; Mahmoudzadeh, 2007) &S o (55b Lilw,d J,u8 o 1) (i op bt (RS ids (g
llgy e8> Jials 4 e Cpuiomed WIS o Clablxe 08 5 S, ()l slroylad a5 ] ST aLS snilan8l i g
U5 93 0 Ol |y o5 s S 53 3 04 it sl (551 o o s s ol 6 g Sl 5 s
S o LS i Sl 35 551 IS 1 LS iy 53] o (ol 555 s ALS ity 3 S S
ob )l by (oSl g (6 yhuedl bl )b ) Colis il Ban b (b bi> (2lS iy glajad s 4 STl
Dby (g yusiio C‘)”-‘-“" 5 u] P9 o b).g)lf Jd> & (NDVI) 2LS ide AW o Jloy yadlss 5l (380 L)'i‘ pRyronn

Cawl 0445 03lewl (DPM) Dimidiate Pixel Model NDVI | alS (idgy 0,5 oS (sl oplplo fCunl onds oalaiul



10 o oylais i g Obidn 0,93 o)l z50] 5 25y 4.

Ssdise gyl lolsale claodls (g Ss IV B +/F) 30,8 5k 5 (9,50 VY 5 +/V) ja,30p83ke 5L 5 NDVI
4= (NIR—R) (V) sl

NIR+R

lojlaale yglas 30,8 WL R
ol 04 dwloee (V) alasly 1 oslaiwl b (VFC) b ol b (6 S

VFC = ( NDVI-NDVIgy; )

NDVIyeg—NDVIsoj

(V) el
S8 2lS g VFC
csd S Lalls Sy NDVI lade NDVIsoil

2LS ide alb JuSy NDVI Hlase :NDVIveg
UP9) 5l (34850 u.,] 5wl oa s &) d‘o)l}hln roloas 5| NDVIsoil 9 NDVIveg ,lio cl).x._wl sy ol sl o,
(VFC) (a8 yidgy (6yuS duid .Cowl oid o3litw]l NDVIveg s NDVIsoil ¢l p iy & NDVI Sl o Jils yolie Gl

b Jadodads 356 ol Ol Ay YoVA 9 VA (gla Jlo 53 odd dupd sl yd Jlad il duslie b coled o 9 () Jais)

SL 190-2007 & ylwibiw! 5 y20 .Y—Y

Dy 2 Oygo N Jgto Billae S Gisleyd cabayd

S il s cabas) g gadidb o)kl Y Jeua

o gl WS . s
>Y0 Yo ¥ 10-Y0 A0 d-A <d L Gl s
oS b oS b oS oS oS b oS b Vo<
by g s s s of s Vo),
e bsgie Lausgio oS oS oS o Yo-F-7. slyj e
DENE s g g o o s r.-o/,
e Sy Lo e bwgia oS ok <y
pab Sl s s pd bawgie o5 oS ks )]

g3 sleasl ¥
ol 0045 030 LS SL 190 — 2007 pawass d)lailiw] ulwl p adllas 3)50 dilaio cudd (s20awdS Y S5 )
ol 0ads 031y LS adlllas 590 dilaio )d Coud WSy & Bl olaid] as s § Colue F Joio )
dalllas 390 dalaio 2LS yidey add (&) JSb 5 YA Jlw pd dalllas 590 dalais (VC) a8 idiey auids (dl) ¥ S
ol a3l L5 YY0 Jlo o



Y4y U/)Mﬁ wc)/’/..)/o.)[d.&'w/llawé)e,du}ob#)) waiglw/ﬁ)b Sl CJLu:uu,bj) =y

5400?0 5500?0 8600?0 5700?0 5800?0
N
o (=3
o d L =3
g A g
3 3
8 =1
= B3
=3 =3
3 3
o =3
=3 | 2
=1 S
g 8
=4 =3
g g
2 S
g g
§ i gclasl, 5
N o-5
g| mmss E
g| mmsas g
o —————— Kilometers
B 15-25 012 4 6 8 1012
25-35
g| mm>3s 8
S+ S
o =3
3 3
. T T T T T &3
540000 550000 560000 570000 580000

SL 190 — 2007 s )il ol 5 asllao 350 dilae s (s istdS .Y JSed

aslllas 3yg0 dilais ;> Cupd WS o &y 4l olatdl o)y g Colus Y Jgan

Coluns do (L) o luwo (42 )3) o WS
Yo/a YN b
\O/§ ARV ARYIA o-A
Yo /A YAYSY/VO A=VD
YY/Iv YAVAY/VD ATARIA
¥/A MAOFIYD YO-Y0
A1 ARATA o<
Yoo AAAARES Eyoo

0l 03l L VAAY Jluw ) dslllas 3y50 ddlais 3 aLS g WS ya @ aBl olail sy g colue & Jois
Lol

0l 03l LS YoV Jlw p dslllas 3y50 ddlain ) LS (idg WMy 4 al wladl oo g colue & Joio o
Lol

2 dalllas 350 dalaie BN (60,8 Al () ¥ USG5 VAAY Lo o dalllas 550 ddlaie S (6,8 aids () ¥ USS o
ol oas 03y LS VYO Jlo



)¥ed ;ryQ/[a*3(4J} K177 0499 Q})[{éfﬁy[} éﬁ}p

Yay

3360000 3370000 3380000 3390000 3400000 3410000

3350000

1

1

L

540000 550000 570000 580000
N
<
A
o
re
o
3
~
18
3
o
-1
» &
Y N o
s =
= re
" 8
R ©
< ~,
o
re
3
3
-«
A 8
i sl s re
2
@
-¥ ™
LR 1) -
LS
IEAL Rl §
e Kilometers | @
| REAER (] 012 4 6 8 1012
. > ve g
2
T T T T 0
540000 550000 570000 580000

540000 560000 570000 580000
. N
J‘
= =
3 3
o o
o o
o ro
=3 =3
3 * 3
Ll L]
-':".' N =3
g et ” '8
=3 P ‘1,, 4% o
g \ {’- a - g g
© *. 's . ™
R £
§_ S 2 '8
=1 -4 8
© » ©
~ -~ ©
~ -
= =
1= ~ =3
S i slaal " ~ o
= o
~ ~
- - ]
”™ ‘ R -
2 J ¥—-% o
=3 o
2] $Reecp 8
S| I -vo- - 2
= ) o Kilometers | @
i -s--v 012 4 6 8 1012

=] >.vo =3
g|] 1m .8
2 2
~ -
o T T T T L

540000 560000 570000 580000

Yo¥d Jlo y adlllas 3y90 ailaio LS ibe 4id (0 VAAY Jlo 3 adllae 3550 dbdhaie a5 jider adss (Y JKWS

VY Jlo 55 asdllas 590 ddlaio )3 (aLS Gidgy WS yo 4 sl (olaid] do )y § colue VY Jeaa

T (HLs2) colue (30 )3) (AL gy oS
-I¥ 50/ >v.
¥y YAMAS Ye-¥o
DY/A SYYNO/Y Yo-5-
V¥ WASA/YE 5-VD
Y YSSO/0Y <o
Yoo VYEY e o,

Yovd Jlo p adllas 3y50 dilato )3 LS by (eMS jo 4 4Bl olasl ko) g colus F Joas

Coluo 2o yd (1Lsa) colue (30 3) (AL iwigy IS
-/0) FATAR >y
VE/NE AFFAF/D) Yo-¥o
YV¥R YS00¥/0 Fo-5-
V/OA VRPO/5A 7oV
¥ird Yov/Ay <va
Yoo AAAARE: &




yay OlEan g gl /o jl ozl b gusl s gl 0 ST Slod s S ks dig) oy

540090 550090 560090 570090 5800‘00 540090 5500?0 5600?0 5700?0 5800‘00
N . N
<
g g 8 g
g E g I
s s < =
3 . 3 S 3
=3
g 8 g 8
=3 =4 S s
3 3 E 3
=3 =4 S S
€1 ~ S 1 S
@ o
1 o bl ®
2 3 n =
o (=4 8_ _8
£ E g 5
3 S 8 g
=3 o
8_ 2 ‘3 g -3
S a2z glas), % =4 e 8
~ ~ ™ el
B4 <3 © ©
| JEES
o =3
g| WS 8 - -8
g K gl e g
°. 2 1&- . «
3 n——r e Kilometers 3 = = m;nlomelers L
[ wouales 012 4 6 8 1012 [ siasles

o o
g 8 2 =3
o re S =3
3 =3 >
w w Ll vl
3 " ; . " . 8 Lo T T v T T 2

540000 550000 560000 570000 580000 540000 6550000 560000 570000 680000

Yo¥0 Jlo p adllas 390 dilato ool (6508 4 (0 VAT Jlo 3 adlllae 390 dblate  ool)] 60,8 aiis (I F JSWS

ol 0 031y L5 VAAY Jlo 50 adllas 350 ddlaio )3 3l) (605 ddds o 4 aBl pwladl doys g Colue @ Jois jo

2QY b 5> dddllae 590 dilaie (3 o) (68 dib ya 4 il jolaid] doyd g Colue B Jgua

colune wo,yd e e 2 50yl b
V¥ VFAAAY e il
Yy YAFY/\A Jses
Yo/ AVavs o
/A $-YY/AL Siglas
Yoo VYFY oo P

ol 0as 03 LS VY0 Jlo pd ddllas 390 ddlaio > Sl (6,08 adds o @ bl plaid] as )y § Colue & Jgio )

Yovd Jlo 5 dalllas 590 dilato )3 ol (65,8 dib yo 4y bl olaid] doyd g colus & Joa

Coluo S0, (,b52) colue o) )8 aib
YA M-FAA oS Blolio
VA YYSVY/Y Jes
S¥ Va¥a. /¥ Sy
W VP AN/VA EipskiS

Voo VYFY oo E9000




)10 :’wo)[o.‘ﬁ r‘U} JL& 0)}) rd)b).&o/’j él}a yay

Yovo 51AAY glo Jlo b )5 aslllas 3)g0 ddlaie 3 5l (6,08 Olyess Y Joda

o o Coluwo Ye¥Y0 JW VA4Y Jlo

Oledd gy Sl o2 oyt KW (L) Coluno LoD ((,2) colune sl o
el 33! vI¥ FY-0/¥0 ¥/A ISTAZAVN V¥ YSAAAY S5Swue 3blie
sl A OYAY/AN VA YYENY/Y \A) YAY-Y/\A S
als #1\ AFAD/5S F Ya¥a. /vy Ve Avays Sy
a3l Iy Ve SMYR W V5 AV/YA /A £.YY/A &599LiS

dalllas 3)50 ddlais (3 VoVO Jlw )0 iolw,d jlad alids () 0 S 50 9 33AY Jlo o Gislw,d jlad aids () o IS o
ol o4 00l L

540000 550000 560000 570000 580000 540000 850000 fis0000 570000 180009
N 3 N
8 g g 3
g E g g
3 3 3 u
g - £ §
=3 3 8
=3
§ E 3
o 4 8
2 - 51 g
S o
g 3 8
=3 b3 1
e | L =4 |8
g g g
@ o 2
@ 2 b4
© © ©
g| = Sl s s| = sl 3
] . = £] E
a| WS a 5| ERew 5
. .
g . g g g
g1 . -~ rg g4 Wl rS
© 3 2
a ] = e Kilometers 8 3 B e o Kilometers 3
012 4 6 8 1012 012 4 6 8 1012
S| W se s s S
=3 o 1= =3
@7 5ol 34 = 24 R i LS
S| s g g1 MWy 3
o« ~ "« vl
. . T r v 3 ; ; . T T L]
540000 550000 560000 670000 80000 540000 550000 560000 670000 680000

adllas 3yg0 dibaio ;5 Vo¥O Jlo o Siolwyd jlos aiss (0 cadlllae 390 ddlate ;3 VY Jlo )3 Ligloyd Jlas ass (il . O JSW

ol 0ads 031y s addllas 550 ddlaio (0 VAAY Jlo o Giolwyd s gl WS Colue A Jod> 5o
ol 00 0313 LS dslllas D0 ddlaie > VYO Jlw o iolwyd ylas cla WS Colue A Jodo )
ol 0as 03l LS VY0 U YAAY sla Sl (b adllas 550 ddlaio )0 isloyd Jlod (M @lyuss Wgy Ve ol 5o



v IhlSa 5 gl /ol 30zl b gl 3 301y 33 ST gl sl s s Wiy sy

adlllae 3y90 dilaie ;3 VAAY Jlo 3 iloyd s cla WS colie A Joua

Colune Jo 43 ((H2) Colume Oiolw,d ki as s

YO/A V.Y P

YA YOAAYD oS

oY Y0 bwgio

Yy YYOSAYO LD

WY VFAD - L5 s

/Y YAV/ S oolal 398
Yoo AAAARE: Egoxe

adllas 350 ailate )3 Vo¥D Jlo 3 Lisljs lad sl oM colus & Jgds

ol 2oy (,i82) Co e il B yhd 4y
sIY YYAY/0 oS s
Y-/A YOADS/YO oS
\ /A \YYFOS/YD Lsgie
YMA TYAYYV/0 L
TY/Y FAY-£/Y0 LS LS
i AOF/Y D L ool 58
Voo AAAR RS 9050

Yo¥D B VARY o Jlo b adllas 350 dilaie ;3 ioloyd jhd (oIS Sl Bgy )+ Jgia

Ye¥0 JWo Y44y Jlo )
Ol pdd Mgy Ol pudd Mo yd . coluw Colwo .
Ol g KW Ao yd ol 8
(;us) (;us)
ks Va/0 YavYV/o SIY YYAV/0 YO/A AN o ki
spls’ AN ALY/ Y-/A YOADF/YO YAA YOAMAYO S
sl 38l N4 \ERVZATN Ve/A VWYOS/YD A Yo buwgio
sl 38l £1N YYSAMYO YA YYAYY/0 Yy YVOFMYD BYRW
a3l /Y VEYOF/YD vy FAY-5/YD WY V520 b s
a5l .o DEMYD Y ABS/YD oY YAV/D L5 ool 5ed
ST g oxy F

vgiwd Zowl b 03500t ) S (o)lul Cuxsg a8 ol L (Y¥A BYRAY) dlw YV Sloj o3b jo &lpuss Ko,y Julow
ol 03,5 @S YL i b el 15 oo 4y 00 S Lias tndg ) S il b i g ol o0l gngs BB @l
oil33132Y . Jls 4 Caans VoVO Jlo 55 id 03l 598 U laasgio ylod (gl oS Colue a5 dad o Ll iagh opl zols

Gl diaie )3 SB mlo (g)lul anai ,Shlas a8 conl adly ouud



10 o oylais i g Obidn 0,93 o)l z50] 5 25y vas

(S8l S gy bl cpl ol H1h8 as 3 VO 1 YL glacad jo ddlaie coliue 3l ao)d OVl in Y Jeds pols ywlwl
SB il d it ol ele s cansd 48 3o Lt il o Jlo ol b 95l oo S5 tyluod et B3 1, dilaie
b (2l maw &S y5bas el ailllae 0)93 (b )3 (BLS (idgy ugame (IS (SB ¥ 9 ¥ gla g alie ol 0395
L ol blie ol asly ialS YoV0 Jls ;0 duo)d +/Y 4 V8T o )0 0o 0 ¥l (100 YO 51 i) oSyt alS g
Ole pials coge (2L (ide (goN pusd Cpl el (ili8l as d VE 4 as ) d YY)l (Ao p YO U YY) (s LS iy
b odelcemda gulis .ol 03,8 walyd 1) ioliw B A i5 die) g 0dd daw llgy g b @llad )5 ply » S blas
2 S ol LS 53 (LS ey 5lS B 5 ian (V) ofSad 5 gl 5 (VYY) olSan 5 2 s sl
L) o3 VIV Lol sal odims it ¥ g )3 (bl 6 onyl8 lpasis asypr 33 lead (ligSdass 5 oliwumsS sblis
5 (LS OYAY) b S o inlS” (cloy ) Bias dnwrgi (3g) ool aslllas 390 0393 b (SgSe 3blio (ghod YIF 5 (gysliS
B w2 9o st (2Bl )3 (650l Clled dnwgi g zowl 4 (Sjed GBS Cal 485 Ojgu0 (LS AVAD) e
5 (Vo70) e 5 Vo ldllas L uls (ol 043 Qlg s (I3l g (o) o (525 G201 oS L3 Ls 9,55
s 1 S e Al 3 03258 i) gl (5ylS et 503 L5 85 31> Cbllan (YY) oS 5 S
Colius F-V0 B 1RAY loj ojly b a5 b ol Vo gt gl 35 oo wosmime ST gl b ¢ Ltalsdl Lol
By ol Bl Sl (cwguomo jobods sl b 03gate 1> SB ol b b 03lall 598 g W (LS i sla WS
AL £y iy Ll i o ol |y dilate Covlns 1 Loasi 1 i YRAY Jls 13 45 o5 5 o5 Lk (el poMS s oS
Ol ys oy 2 <l it )> S gyl Gl3l g (ool S5955T ol hals Sl il jlas gla Sy
2 05s (FoSme 5 (S)psliS S p)S GhpS 5 b Glajidy (el &S dad e (Ll (ol o)l 5 (BLS idy,
ibey 8l g bl eolS yeeis 45 1S o a5 3] llllae sl aLES S5 ialiod Wt 3 ol B b )
5 s Bblio )3 oy aas L s (sl ¥ s gl s (sla IS 51 () Jla a oxte 5o oS
wlolid Sl yimgh cpl > SL 190-2007 5)lsbuwl (4,5 )54 .(Prashanth et al., 2023; Luo et al., 2024) gu  Sliwd oS dass
Candg 0 ol b 9ol (25l (g BB (isu & Cunl odls Gl 5 03,8 wal 3 1) ol b jlad zolaw cuslie S8 4
b SE il ® iy (b Jole S plgisds (o) s 25145 conl o] 51 (S @l egomme ) i)l )18 (ol b e
il s 15 33 (5 oS s G5 i) S s 5 GBS ey 55 o ) ] Jole Ll 5 o ol
P SB Gilawyd (il agy (ials gy b pae Olelidl | glas gemme o wlwl cpl ol diily ddlllas 390 ddlais o S

Lol 53K g 90l cgmsy JyiS gl el siilo elojl 5  SeilSio loludl ety Jlomms aliod g 3L cansd b 5l 59
Fomsle 1Sl 5 (abyh (6 Jl w8le Suiglan 5 (Slfegn Ll ihns (hdg g hwgle i b (g ) 02923
2S5 8 sl > 8l o e 6ol 5 o>l S (Bli Copte S b b gblia 2 5 i

G jlae CudsS ] g Cwdiml 4 Slg) @ (il SE glie (kgm0 4 Wlg5 o0 (e sla3,S0g;
WS S8 zgwl (S9alrm 9 6 e

15 Borrelli
16 Santos

17 Biru

18 Misigo



yay OlEan g gl /o jl ozl b gusl s gl 0 ST Slod s S ks dig) oy

References
Ahmadi, H. (2008). Applied Geomorphology — Wind Erosion. Volume 2. Tehran University Press. 706.

Arnold, J.G., Srinivasan, R., Muttiah, R.S., & Williams, J.R. (1998). Large area hydrologic modeling and assessment part I: Model
development1, Wiley Online Library.

Babarian, A., & Mohseni, N., (2025). Spatial-temporal modeling of soil erosion using the RUSLE model and its effects on soil quality.
Geography and Environmental Planning, 36(2), 113-140. 10.22108/gep.2025.145683.1732 (In Persian).

Biru, M. K., Gadisa, C. W., Dirbaba, N. B., & Nunes, M. R. (2025). Land use changes and their impacts on soil erosion in a fragile
ecosystem of the Ethiopian highlands. Land, 14(7): 1473. 10.3390/1and14071473.

Borrelli, P., Robinson, D. A., Panagos, P., Lugato, E., Yang, J. E., Alewell, C., & Ballabio, C. (2020). Land use and climate change
impacts on global soil erosion by water (2015-2070). Proceedings of the National Academy of Sciences, 117(36): 21994-22001.
10.1073/pnas.2001403117.

Bruce, R.R., Langdale, G.W., East, L.J., & Miller, W.P. (1995). Surface soil degradation and soil productivity restoration and
maintanace. Soil Science Society of America Journal, 59(3): 654-660. 10.2136/ss5aj1995.03615995005900030003x%.

Erfanian, M., Ghahremani, P., & Saadat, H. (2013). Preparing a soil erosion risk map using fuzzy logic in the Golestan Qornaveh
watershed, Iranian Watershed Science and Engineering, 7(23): 43-52. http://jwmsei.ir/article-YA +-)-fa.html. (In Persian).

Flanagan, D., & Nearing, M. (1995). USDA-Water Erosion Prediction Project: Hillslope Profile and watershed model documentation,
NSERL Report.

Karimi Sangchini, E., Arami, A., & Yousefi Mobarhan, E. (1400). Application of Geographic Information System and Remote Sensing
in Evaluating the Effects of Watershed Management Plans Implemented in Rimleh Watershed of Khorramabad County. Application of
Geographic Information System and Remote Sensing in Planning, 12(4): 78-86. https://www.magiran.com/p2479155. (In Persian).

Keesstra, S., Pereira, P., Novara, A., Brevik, E. C., Azorin-Molina, C., Parras-Alcantara, L., & Cerda, A. (2016). Effects of soil
management techniques on soil water erosion in apricot orchards. Science of the Total Environment, 551, 357-366.
https://doi.org/10.1016/j.scitotenv.2016.01.182.

Khanchoul, K., Selmi, K., & Benmarce, K. (2020). Assessment of soil erosion by RUSLE model in the mellegue watershed, northeast
of Algeria. Environment & Ecosystem Science, 4(1): 15-22. 10.26480/ees.01.2020.15.22.

Laflen, J.M., & Roose, E.J. (1998). Methodologies for assessment of soil degradation due to water erosion. Methods for assessment of
soil degradation, 31-55.

Luo, C, Pu, S., & Yu, G. (2024). Investigating the impact of climate and land use changes on soil erosion in the Anning River basin
in China. Frontiers in Earth Science, 12:1416387. 10.3389/feart.2024.1416387.

Mahmoudi, M., & Nagshbandi, P. (2018). Estimating the amount of soil erosion using the RUSLE model and remote sensing data in
the watershed of Gavshan Dam. Water and Soil Journal (Agricultural Sciences and Industries), 33(6): 845-856.
10.22067/jsw.v33i6.76446. (In Persian).

Mahmoudzadeh, A. (2007). Vegetation cover plays the most important role in soil erosion control. Pakistan Journal of Biological
Sciences, 3: 388-392. (In Persian).

Ministry of Water Resources of China (MWRC). 2008. SL190-2007: Standards for Classification and Gradation of Soil Erosion (in
Chinese); Water Resources & Hydropower Press of China: Beijing, China.

Mirchouli, F., Sadeghi, S. H. R., & Khaledi Darvishan, A. V. (2014). Comparative analysis of the effect of different computational
methods for estimating the topographic factor on the rate and spatial distribution of soil loss in the Shazand watershed. Watershed
Engineering and Management, 14(2): 232-242. https://doi.org/10.22092/ijwmse.2021.341236.1753. (In Persian).

Misigo, S., & Wilberforce, A. (2023). Spatial-Temporal Pre-Assessment Framework for Ungauged Catchment in Pursuit to Evaluate
Land Use Impact on Water Resource.

Montgomery, D. R. (2007). Soil erosion and agricultural sustainability. Proceedings of the National Academy of Sciences, 104(33):
13268-13272.

Morgan, R., Quinton, J., Smith, R., Govers, G., Poesen, J., Auerswald, K., Chisci, G., Torri, D., & Styczen, M. (1998), The European
Soil Erosion Model (EUROSEM): a dynamic approach for predicting sediment transport from fields and small catchments. Earth
surface processes and landforms, 23(6), pp. 527-544.


https://doi.org/10.22108/gep.2025.145683.1732
http://jwmsei.ir/article-1-280-fa.html
https://www.magiran.com/p2479155
https://doi.org/10.1016/j.scitotenv.2016.01.182
https://doi.org/10.22067/jsw.v33i6.76446
https://doi.org/10.22092/ijwmse.2021.341236.1753

VEed o o)lod i g dlide 095 o )l0550] 5 &5so YaA

Nohegar, A., SHirgahi, F., & Afshar, T. (2013). Feasibility of the impact of watershed management on improving the condition of
groundwater resources (case study: Isin Basin, Hormozgan Province). Geography, 10(35): 211-228. (In Persian).

Park, S., Oh, C., Jeon, S., Jung, H., & Choi, C. (2011). Soil erosion risk in Korean watersheds assessed using the revised universal soil
loss equation. Journal of Hydrology, 399 (3): 263-273. https://doi.org/10.1016/j.jhydrol.2011.01.004.

Parlak, M., Dincsoy, Y., & Seyrek, K. (2007). Determination of erosion risk according to CORINE methodology (a case study:
Kurtbogazi Dam). In International Congress River Basin Management, 1:844-859.

Pimentel, D., Harvey, C., Resosudarmo, P., & Sinclair, K. (1995). Environmental and economic costs of soil erosion and conservation
benefits. Science, 267 (5201): 1117-1123. https://doi.org/10.1126/science.267.5201.1117.

Prashanth, M., Kumar, A., Dhar, S., Verma, O., Rai, S. K., & Kouser, B. (2023). Land use/land cover change and its implication on
soil erosion in an ecologically sensitive Himachal Himalayan watershed, Northern India. Frontiers in Forests and Global Change, 6,
1124677. 10.3389/ffgc.2023.1124677.

Santos, I. R., Chen, X., Lecher, A. L., Sawyer, A. H., Moosdorf, N., Rodellas, V., & Li, L. (2021). Submarine groundwater discharge
impacts on coastal nutrient biogeochemistry. Nature Reviews Earth & Environment,2(15): 307-323. DOI:10.1038/s43017-021-00152-
0.

Sidi Almouctar, M.A., Wu, Y., Zhao, F., & Dossou, J.F. (2021). Soil Erosion Assessment Using the RUSLE Model and Geospatial
Techniques (Remote Sensing and GIS) in South-Central Niger (Maradi Region). Water, 13(24): 3511-3523. 10.3390/w13243511.

Vrieling, A., de Jong, S.M., Sterk, G., & Rodrigues, S.C. (2008). Timing of erosion and satellite data: A multi-resolution approach to
soil erosion risk mapping. International journal of applied earth observation and geoinformation, 10(3): 267-281.
https://doi.org/10.1016/j.jag.2007.10.009.

Wang, L., Huang, J., Du, Y., Hu, Y., & Han, P. (2013). Dynamic Assessment of Soil Erosion Risk Using Landsat TM and HJ Satellite
Data in Danjiangkou Reservoir Area, China. Remote Sensing, 5(8): 3826-3848. 10.3390/rs5083826.

Yang, Q., Jia, Z., Wang, X., Zhou, P., Zhong, M., & Zhaorigetu, H. (2025). Spatiotemporal dynamics and heterogeneous driving
mechanisms of soil wind erosion in the forest-grassland ecotone: Responses to climate change and vegetation dynamics across aridity
types. Journal of Environmental Management, 396, 128202. https://doi.org/10.1016/j.jenvman.2025.128202.

Yu, B., & Rosewell, C. (1996). Technical Notes: A Robust Estimator of the R-factor for the Universal Soil Loss Equation. Transactions
of the ASAE, 39(2): 559-561.

Zhang, X., WU, B., Zeng, Y., Yan, N., & Yuan, C. (2010). Identification of priority areas for controlling soil erosion. Catena, 83: 76—
86.10.1016/j.catena.2010.06.012.

Zhang, Z., Feng, Y., Xu, R., Xu, T., Luo, J., Chen, B., & Wu, Y. (2025). Quantifying gully erosion in the black soil region of Northeast
China by long-term RTK GPS survey. International Soil and Water Conservation Research, 100579, 10.1016/j.iswcr.2025.09.011.



https://doi.org/10.1016/j.jhydrol.2011.01.004
https://doi.org/10.1126/science.267.5201.1117
https://doi.org/10.1038/s43017-021-00152-0?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1038/s43017-021-00152-0?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.jenvman.2025.128202
https://doi.org/10.1016/j.iswcr.2025.09.011

