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Extended Abstract

Introduction

Soil erosion is one of the most serious and pervasive environmental challenges worldwide, directly and
significantly threatening the stability of natural ecosystems, the quality of drinking water and agricultural
resources, and long-term food security. In many mountainous regions of Iran, the combination of climatic
conditions, steep slopes, geological instability, and increasing anthropogenic pressures has exacerbated this
process. The Chehelchay watershed, located in Golestan Province, is a prime example of a watershed susceptible
to erosion. This basin, covering an area of 25683 hectares and receiving an average annual rainfall of 766 mm, has
witnessed extensive land-use changes, with a significant portion of its natural forest cover being converted into
agricultural lands. Despite numerous studies conducted in this region and similar areas in the past, limited efforts
have been made to integrate empirical models (such as RUSLE) with process-based or distributed models (such
as SEDD) for the simultaneous estimation of the spatial pattern of soil erosion and sediment transfer, using reliable
spatial data. Therefore, this study aims (i) to accurately quantify the spatial distribution of soil erosion and (ii) to
estimate sediment transfer rates, and to identify priority and critical erosion areas within the Chehelchay watershed,
by integrating the Revised Universal Soil Loss Equation (RUSLE) model and the Sediment Delivery Distributed
(SEDD) model. Few studies have simultaneously mapped soil erosion and sediment delivery using integrated
empirical and distributed models in data-limited mountainous watersheds. This integrated approach, which
simultaneously accounts for processes of surface sediment generation and its transfer along the river network,
provides a robust and comprehensive framework for supporting conservation and management planning in data-
limited watersheds.

Materials and Methods

To estimate surface erosion and sediment yield in the Chehelchay watershed, the RUSLE and the SEDD model
were employed. For estimating surface erosion, the RUSLE model was utilized, incorporating five factors:
Rainfall erosivity (R), Soil erodibility (K), Slope-Length (LS), Land cover and management (C), and Support
practices (P). Spatial input maps were generated for each RUSLE factor in ArcGIS. The R-factor map was
extracted using long-term daily precipitation data and the modified Fournier index. Physicochemical properties of
the soil formed the basis for preparing the K-factor map. The LS factor map was calculated by processing the
Digital Elevation Model (DEM) in a GIS environment. The interpretation of Landsat 8 satellite imagery and
vegetation cover maps enabled the preparation of the C-factor map. The P-factor was determined based on land
use type and farming practices. After preparing the RUSLE parameter layers, the annual water erosion map was
generated by multiplying these layers in ArcGIS software. Subsequently, the SEDD model was used to
quantitatively estimate sediment yield and its transfer ratio to the watershed outlet. This model, by spatially
calculating the Sediment Delivery Ratio (SDR), establishes a link between the erosion calculated by RUSLE and
the sediment data measured at the Lezoreh hydrometric station. Suspended sediment data from the Lezoreh station
were analyzed using the sediment rating curve method and an intermediate data approach. The accuracy of the
curve calibration was confirmed with a coefficient of determination R? = 0.79. Finally, the sediment yield, SDR,
and erosion maps derived from the models were integrated and spatially analyzed to identify priority areas with
severe erosion and high sediment yield potential.

Results and Discussion

The RUSLE-based assessment indicated that the average annual soil erosion rate in the Chehelchay watershed is
approximately 4 t ha™ yr~'. However, its spatial distribution exhibited considerable heterogeneity and was found
to be significantly controlled by topographic factors, particularly the LS factor (slope and slope length), and land
use type. The highest erosion rates were observed in agricultural fields situated on steep slopes; this pattern is
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primarily attributed to minimal soil conservation measures and the direct exposure of soil to intense rainfall events.
In contrast, forested areas displayed strong protective effects, substantially reducing surface erosion due to dense
vegetation cover and soil structural stability. These findings underscore the critical importance of preserving and
expanding forest cover in mountainous regions. Based on data collected from the Lezoreh sediment monitoring
station, the average annual sediment yield was estimated at 1.78 t ha™* yr'. The overall watershed SDR was
calculated to be approximately 44%. This relatively high SDR indicates the presence of efficient sediment transfer
pathways, largely facilitated by steep slopes and discontinuous vegetative cover across the watershed. Integrated
mapping of erosion potential and sediment delivery ratios revealed that areas with the highest erosion potential
and sediment generation are primarily concentrated in the middle and upper sections of the watershed, where slope
gradients exceed 30% and agricultural expansion has replaced natural forest cover. The spatial correspondence
between high erosion potential and elevated SDR highlights the crucial importance of simultaneously considering
both sediment generation (erosion) and sediment transport (SDR) processes when designing management
interventions.

Conclusion

Ultimately, the outcomes of this research can serve as a practical guide for developing and implementing
sustainable water and soil resource management plans in the Chehelchay watershed and in other regions with
comparable ecological and data conditions. The overall study results emphasize the pivotal role of topographic
factors and land use; specifically, terrain slope, land use type, and vegetation condition were identified as the most
determinant factors of erosion intensity. Notably, the negative consequences of land use changes, particularly the
degradation of forest cover and its conversion to agricultural or other uses on steep slopes, lead to a significant
increase in soil erosion and, consequently, a higher volume of sediment transported downstream. This study affirms
the critical importance of principled land use planning, taking into full account the inherent topographical
constraints of mountainous regions. The effective implementation of conservation measures, including the
preservation and restoration of natural vegetation and the application of sustainable management practices in
agricultural lands, is deemed essential for controlling and reducing sediment transport in priority areas. Despite
the satisfactory accuracy of the employed models, limitations such as sensitivity to the quality and precision of
input data and the lack of comprehensive field data for complete validation persist. These limitations create
valuable opportunities for future research to significantly improve prediction accuracy by integrating extensive
field sampling, high-resolution soil data, and the application of more advanced process-based modeling
approaches.
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Figure 3: Soil erodibility factor of Chehelchay watershed
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Figure 5: Land management factor of Chehelchay watershed
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Table 2. Area percentage and erosion rate of the Chehelchay watershed

(Ao Jeolue

(c9)oinle b

83.23
7.27
4.12
2.02
1.35

0-5
5-10
10-20
20-40
>40




\88% wee 5653] ;3 SEDD g RUSLE (5o b Ggmy g sl 3 55150 551y

o ——
012 4 6 8

E

2

Soil erosion rate(t/ha) and erosion class 5

(Moderate) 10-20

(Very Low) 0-5 Il
(Low) 5-10 [

= [
(High) 20-40 £ :
(Very High) 40< | =

RUSLE (39, b sla o 55l (il 3 (550 —V IS
Figure 7: Erosion rate in the Chehelchay watershed using the RUSLE Model

gy daly oy slp odliiwl 3590 (S9p)S) Jae
500 99y 9 Cuand dodld baavgds gy Cuwl oai &)
Ot oyt (A JS8) 3051 (+IVA) e o 8 oyt
b 93 oSy lp g IV L plp (b SO g S
Gl Y g ol caSoyie ¥l jieS sla 03 (gl < /00
S oy ol Gy 4l S 20 Y5l 55 sl o
Arabkhedri ales 3l calises ), Siingh lawes Wodly lawg
483 )15 auli5)90 e wlin by, leie avet al.,(2003)
Sl gy plaw 4 Coud odly la_wgds o5, Cajo ]
Vb glaed @ sy 851 & Cl (pl 3 S 5
2 6L w5 i Yl slo 0 4ol drdn g Lo 0
Aalgs S Cably 4 gy ol @l W)l Sliga Jlisl
Mo YL 1k dosld oy s> gy (wlwl g
P LS el canday Jw o o5 FOVAY ply 50l S Cou,
Jl 53,8 )3 o5 VIVA Jolse el colie 43,5 s

o]
Cgw) J1975 Cami-£-Y
ol sd 9 Cgy ddg AVl (0L 4 4y L
ao T L il 5l ) Jsod Cod (0L
4l iolwp S S 51K (Ghleds b dlxe
938 oo Iy o]y amlpl a4 5l e 51 2eS
S0 g sl o 50 ) 500 o ) iy (S
Sl el gy S G (Sl il g0
o3lewl SEDD Ju o (B) adgp 035 <y dloes
ol yito (M-1) Vo7 BV Bzl )L Jlade
Jlinl cdsguw 9 cud)lb &~ (Burguet et al., 2017)

F laogio 5 5 ¥l e By o S5 il b ol
e (s ol it JuSy s 3 Jo 3 i 3 o5
sl 0392 (65)9L3S 6 )8 9 5L j cad b Bble ) ial b
2 Y g0 b o jeoul ) SB AVl il (1Ske
O YY) ol o 30k b anglis ) o canl Jlo )3 LS
» alie s 4 (Baibordi, 2014 ¢ Jls » S j»
GSa ) o5 YO L oS ssul wsle lpl (slajs]
YY/Y b Saw Ol juol o(Ebrahimzadeh et al., 2024)
Somb (Rezaei Moghaddam et al., 2022) (iSa ,> oy
T SIS0 ey s & Btos dngs B M3 )l
e (185 & ol sl oy 5l 5l alapise 3 o
@ dg b Jb ol b ase bl Ghled S8 )5 g3
3 (o 1o VU bagie o) ailaie il Sy Ll
ol & SR b b gy ulp) Gl claylas
S Ghpde 4298 ojls lomes il )d (e cnl (=)
e bl 50 Gldles gl b ladl uistes Cuwl
e ubey Lol ol & (Sohrabi et al., 2023) ]
Slgen wmd ials aoyd A 3l i Ul sl yd Wlgh e
a8’ 500 sblie jo sddipbul Cldllas b g opl guls )b
Oilwyd dxiwe Bblie glwlis ;5 |) RUSLE Jso o)l
Efthimiou et al., 2014; Arekhi )3,ls Slgseon 55,8 1l
etal., 2022; Saeedi Nazarlu et al., 2026)

sl Qg y Mg Cundg- Y-
Fcogusy oSl (gloodly jl sl gusy A5 oy sl
9 Vo LAY Slej o5l 5 jsul (295 5 &l 0,3
A L)"’)‘)" u_,;; C.’Lu o ook g ) AT oo L)“’?)



YYA

G sl ) 558 G (SSE (o
P Dy Jm978 Sl (i 48 Amd o0 (LS
Oty (SmlS g9 polwl el YU slaced
O eSS 5 539188 (Bl > gy Jmp o

ol Sin 3l 5

y=9.6307x127

R2=0.5523 b
200
.
150
o 100 ®
(]
[ ﬁ... &
50 % o el 8% %
[ ] L] ol g....0"
5 M...—o
0 .
Qw
¥ = 6.691 352467 4
R3=079%6
5000
4000 e
3000
.
2000
]
1000 .,,97-0
0 loe-ee 8
0 5 10
Qw

PSS B ey e bl by ol 10 g,
3 oacel Ceday (mjoT oy Js78 Gl gy dalss
O o Jlcie .ol oas asl)l A JSCs 3 SEDD Jas
928 S e oy Sl piite <AV g oo
Uil L g ol bgoyo nacalpl jolowe bLE 4y Cgu,
Aol LS oy JUl g5 s pRals g alold

y = 12.006x1 %12 a
R*=10.7019
5000
4000 .
., 3000
L] L]
2000 <
1000 . ®
0
Qw
v=00931x3282
R2=0.775 ¢
3000
4000 il
., 3000
° e @
2000 .
1000 v,._. .
0 o
15 0 2 4 6 g I, 5

Qw

8,95 (Sowmgw s 0lm] 43 (d) Lodld bawg s g ()L 0 ¢ (b) sl (2 da) b S g yaominn (b S0 —A JSUS
Figure 8. Sediment rating curves single line (a), low discharge (b), high discharge (C), and mean data approach (d) of Lezoreh
Hydrometry Station

55°25°0"E. S5300E 559380 E.

TSN AT0N ATIS0N

3T00N

ITIS0N

T
TN

TSN

SDR
- High : 0.911

E Low: 0

37°00°N

55°250"E SS°00E S3S0E

SEDD Juo b gle Je ol gy J29295 Condi -4 JSW0
Figure 9: Sediment delivery ratio in the Chehelchay watershed using the SEDD Model



ra wee 5659 3 SEDD g RUSLE (sl Jio b Ggaw) g (yinlus b 5150 3,491

Sy g0 g0l (gys 4 ddl yioloyd SB ew dgds 45 3l
iy bais b (GBlis Gl Caggl (o pae jlate |l
2SS (el a4 SR b 5l @S ole 5290 SIS
P (£l =2l > guply Gl ol Ghee—d
s e 55 bl seng L idgh opl Dg—i 3 peie
oislwyd s RUSLE Jao oS g ysbast cowl slacusgize
) lailag; JLS g (Buis el b g S o 2900 1y (oo
(g 9 (bl Goliiu] 35108 05 0 o )
Ol Db o g gl ) Cuabad pie wie il S5
Sloslawl b o1 sla jimot (gl (awlbio Cauoyd acudgie
pold 503t uS Jlie slaedls 5 b,y (sal b (slo s
240
&)l Fwlows
e 9 ($3,9U8" pole oSl (S odmg} 7)o jl g it e
5 )Ser gly oKl dmgh Coglee sl S b
Do oo (S0)8 g bl Jbo Cules coschus
OB Sz 280 LS
2 8l 2l G8zn &S Wb o pMel dlie oyl B
S5 0529 Ghmgh (nl @l g e Liml 5 (SIS jogad

odld 4y ow ywsd
ol 0 dél)l )49[> o Yo D 0D ,\.Jy Lglmo)b lnLoS

w5 gloinly dlie Sl 5 Glalng «sjlopspie 313,85 cons

ol s ey (0I5 98U Gl B 00id 48 ¢ s 5 oo

Al dnpd gy 9 Julos g w0

&b

(\\c'\ﬂ) .)Lo)B cLS:l?u).tb )]J)ﬁ.‘o 9 ‘W""A ;u,'vlf)l cduoun m.)l)'w.:.bl).g]
Jae b ooy Wy 5 SBGhled 2 gl
Lo Slbbxo o) Spd 5wl asg> > RUSLE/SDR
A-V¥ AY(YR) (srab
doi:10.22111/jneh.2024.39109.1823
b (e Glisl) GY3)5 o3 ade> 3 Cgwy 2yl g Linle s
(RUSLE)SK ol Sles o las o5 o jl olisl
10.22111/jneh.2022.39063.1822

9 RUSLE (slJie auslio . (VF+Y) plps ()b 9 @llo o3
SJJUQO) GIS )] b.)LD.a.wl L: Cgw) .LJ}) 9 u.u.:Lu)B .))91).: ).) EPM

B Slasen alite s gl b yimgh opl slaasl
285 L IS ol j5Fernandez et al. (2003) «Jlo loic au
w9y yie8> 3yslps ¢l SEDD 5 RUSLE (sl Jos
adllas b oS cpl o &) ol dalllas b sl i (65,500,
el L aS 5l3 S'guS sl jsRashki et al. (2006)
Jr920 Cuns SKo p3j95 Aiimilss RUSLE 4 SEDD (¢la Jus
NOOT .ol bl yots 55 08 39010 Jgud JoB B b1y Cogm,
Sk cbls oladss oL 4o jsand Arabkhedri. (2023)
o y—d Joel | 4wy RUSLE  Jawo &5 oby i 18w
2o WY olas b il yd gt )5l 4 3B ¢ > Mool
s &S Gl Lo )3 ¥YIY LYY (0 gy J1990 Caud
Osmed 3 (Ao ¥F) sl o 4l b o5 )l
ol lawjes bl 5,339, ol sDavoudi et al. (2024)
5 Gl i /A oo o oy 1950 Camus &5 150D
Dy o odnltie Ladnlpl @jgloma jd o] pole cp e
Sste 3,8es SEDD 4 RUSLE (sla Juo 5.4l ¢ IS )oboas
2B g atisl ol b i cpl 5l S a5l edlanl 4 o
> Sl sy 5 Gl y® ]85l syl Sy cd
L SEDD 3 RUSLE (3,45 45 aa3 o (Lis jimgiy slaasily
B B <8 5l 0,53 o5 bl sliasls | ypel S
sl Hldy95

& 75 i€
095 S35l 53 Gy Mg g lals b Cumy 3> Sl
Qg opl b a8 o Wl Co e (gilwaing o (wlwl id
4 gl (3 3 gt aogmsy g el £ (oS (s
5 il b oojlgen o 8 5 cowlio Slie (sloodls 39008 o
aS ol i ey opl gl .ciwl odgy ol pon slacudgizne
1o)S 63,545, SEDD 3 RUSLE o6 (sla Jie 3,85
0313 39108 Loyl b )3 gy W5 5 el p SIS0 25l sy
wlolis 4 B I slagilwodlis v ple da Jio pl ol
ncagyl Gl g 035 Sl b Gl (lab slagSll
Jole o8 25,8 105 bl gl o wald 1y oyl blio
2 59— S 5 U mpte L (LS) Sl Sey
el e A il B E 5 cn ok b A lace—s
sl e 3550l 5 il oS S8 Sl 5 o ol
Ol 3o 0 FF Gouwy gm0 s )8 Wyl (ol yd ials



YPE G VY Oloxio ) £40 Jho F 5 )lowds 10,95 [STo g Ol S paike 9 (5L )bo 4y i | 93U oyl 6T g 5135 155 Y.

G X955 9 el 03l i pob g cmlorl (lusl ol
)I b)Lﬁwl L @‘ uwl.w)ﬁ » L;QLS ‘}.w;y )JI W (\f'\)
059> 1(§dy90 AJUM) Sk c,‘é)).m u.;l.e; oD C)Lol J_\n
(P ool dnng g gy (o)) 29y obdle jul
.dor: 20.1001.1.26454777.1401.10.39.2.2V\-YY
it § Jubod g 4525 (V4 Y) plas ool ¢y g ¢ qgo aile
Sidygeiorin slopadli b ol blo)l g SB (ol s e
oS «slagls oyl adgs 163)90 adllas (LS b g

DAY (YA (S35 905539 ) Yo
doi:10.22034/HYD.2023.58528.1708

wor () aie Wl g dhae lue woze Slue
aos > SB il b 29y ol Jl g ol )l Syt
RUSLE Jio g (souan wmac a5 jl odlatel L Slagl
doi: MN-AR (V)FY (soliilacs
10.22059/JES.2021.324250.1008180

(VWAY) 39> (ol S5 g 20ls (S w5 geoe «5y8 058
w250 b g o > e sk 3,000 1 (o)lel gy i dulia
SSFINY 2. o Ao b s S e 5
oyl 5 S cbilis axSings,

Camlus b3 (VW) Lojies (owliyy 5 «Sunl (odlp S
059> i3 ygeadlllas «(55lSoaly (sl Jue sl odlatul b 533 xse
VASEY (V)Y il Copde 5 wdige sedeg sl
doi: 10.22092/ijwmse.2019.118436.

omwsS| Glodd g Y add ags (\WA+) dolo c0s)S
i53y90 adllae) LS il (pe 5 (IR slapiinss]
] iyl i3 (S e 5 55 ] ojp
2Ol ol

Sloladl il 31V V) (00 iy Feudd g pmol ecptlinn s e 00,5
obudS il b Jon jul BB ks closs (gl
doi VA-YS (Y)Y B 5 of cyplo 5 (sl fto
10.22098/MMWS.2022.10523.1087

359051 (MYAA) el ¢ ULy g b yhomme ¢ 3 palis cuel S o Ll
risse olulid g RUSLE Jio 5l eslizl | SB tlo,d
Shbbro (oo wg2) aSes sl ase > ol Jol
https://sid.ir/paper/373685/fa YN\-YA (Y+) A ( x>

Cnd 9 SB by 3,910 (F7) dg05me (508005 5 0je> 9
Slagios oSl 5 RUSLE. Jao l sslizal b gy Josos
O SB 5 ol ot g sloie i SB cbls
doi: 10.22098/mmws.2022.11085.1098 .¥y-aY

References

Abebe, N., Eekhout, J., Vermeulen, B., Boix-Fayos,
C., de Vente, J., Grum, B., Hoitink, T., &
Baartman, J. (2023). The potential and

Chbbio 5 Lijix (M) el (Y3 )S0x 4> 15350
FFA-TVY () WY aeo
doi:10.22067/geoeh.2022.75260.1176

cblis Gllidl 5 pd p oo Jelos gy p (AYAY) olobe o o, 6]
ls il sl oy sl ase lipgliS o o SB
b @lio g (55,0liS pole oS> )/ puliid) B ol Ll
BS

SV ol olfiil L] S Sy (WYAY) sasmo 639 (b
Axio

5 b)) e (9958 9 oo sile plus sl (olewly
3 odlizal b S lss () 68 6 lise Jubs
«Slrgodl joul ade 16350 adllas) RUSLE (26 Jus
doi YYA-YOA oY) & o il Ly, 5 Lilpis sy} sl
:10.22034/GAHR.2023.382150.1796

ooty 1 o2l 638 S5 S5l s (V) atyis oI55 5
16590 4dllae) RUSLE e 5l osliwl b S iyl b
dsge )] (ulid)S aslipbly (sb Jea sl 4o
OB Y (Sl e el

2 3 Gl ol il ¥+ 1) sgame (g3 5 ) e
P S P E T Y RSP O PSR W
d0i:10.22067/jsw.2021.15022.0.\YA=YAA (¥) YO (S5

5 Ao s HB i) (GBD)gree (LI (Fpal Mo (g pa3
5 ol @2l 628 8T (1Y) odmn o S
{009l 2l > (i ol ddg> 106350 axlllas) S S
AWCY) W e olth 5 ke
doi:10.22126/GES.2022.8143.2564

295 VF0Y) danl (98 Ol g e s it bgSiS (29l
SEDD e jl o3l L GIS Lassxo 3 g g vl 1S
5 pole olwiss ol 3559, 354l e ;> RUSLE 4
doi AW (55) W ol bl e
:10.22034/18.66.1

el ® 25905 (WWAD) 50l dygi 5 Jgus s e 95 el (S
5 SEDD 5 RUSLE (slnJao I oolisl b &Yl ogus)
B S9nS ssol asgs 5 GIS LLélks SleMbl yiwmw
o ob B koS e
https://civilica.com/doc/24503

(V) e ¢ bjo g il (gilms (pasdae piie o)
RUSLE jl oslazasl b oS ol 52020 s = Sales 291
A=Y {¥v) A «SilsS5e50is 40
doi: 10.22034/hyd.2021.40330.1555

challenges of the 'RUSLE-IC-SDR' approach to

identify sediment dynamics in a Mediterranean

catchment. Catena, 233,
107480. doi:10.1016/j.catena.2023.107480


https://search.eitaa.com/?url=https://doi.org/10.22067/geoeh.2022.75260.1176
https://search.eitaa.com/?url=https://doi.org/10.22067/geoeh.2022.75260.1176
https://sid.ir/paper/373685/fa
https://doi.org/10.1016/j.catena.2023.107480

Y wee 5659 3 SEDD g RUSLE (sl Jio b Ggaw) g (yinlus b 5150 3,491

Abedini, M., & Pasban, A.H. (2023). Analysis and
zoning of soil erosion rate and its relationship
with hydrogeomorphic indicators and vegetation,
case study: Khiavchai watershed,
MeshkinShahr. Hydrogeomorphology, 11(38),
40-59. doi:10.22034/HYD.2023.58528.1708 [In
Persian]

Abiyat, M., Abiyat, M., & Abiyat, M.
(2021). Investigation of land-use changes and
their impacts on soil erosion in Baghdad basin
using artificial neural network and RUSLE
model. Journal of Environmental Studies, 47(1),
89-111. doi:
10.22059/JES.2021.324250.1008180 [In
Persian]

Aghajan Liafu, F., Nazarnejad, H., Zare Garizi, A., &
Daggubati, P. (2026). Sediment estimation using
SWAT+ model and assessing the effectiveness
of conservation measures. Journal of Mountain
Science, 23(1), 156-170. doi:10.1007/s11629-
025-9812-z

Agharajabi, S. (2018). Investigation of factors
affecting the adoption of soil conservation
measures among farmers in the Chehelchay
watershed, Golestan province. M.Sc. Thesis,
Gorgan University of Agricultural Sciences and
Natural Resources. [In Persian]

Ahmad, J., Mahmood, S.A., and Haseeb, M. (2025).
Comprehensive assessment of soil erosion using
cloud-based geospatial analysis: Insights from
the RUSLE model. Soil & Environment, 44(2),
14-30. doi:10.25252/SE/2025/253773

Alexakis, D.D., Hadjimitsis, D.G., and Agapiou, A.,
(2013). Integrated use of remote sensing, GIS
and precipitation data for the assessment of soil
erosion rate in the catchment area of Yialias in
Cyprus. Atmospheric Research, 131, 108-124.
doi: 10.1016/j.atmosres.2013.02.013

Allafta, H., and Opp, CH. (2022). Soil erosion
assessment using the RUSLE model, remote
sensing and GIS in the Shatt Al- Arab basin
(Iraq-Iran). Applied Sciences, 12(15):7776. doi:
10.3390/app12157776

Amellah, O., and el Morabiti, K. (2021). Assessment
of soil erosion risk severity using GIS, remote
sensing and RUSLE model in Oued Laou Basin
(north Morocco). Soil Science Annual, 72(3),
142530. doi: 10.37501/so0ilsa/142530

Amundson, R., Berhe, A.A., Hopmans, J.W., Olson,
C., Sztein, A.E., and Sparks, D.L. (2015). Soil
and human security in the 21 century. Science,
348, 6235. doi: 10.1126/science.1261071.

Arabkhedri, M., Hakim Khani, Sh., & Nik Kami, D.
(2003). Comparison of several statistical
methods for estimating suspended sediment load
in a basin with snow and rain regime. Research

Report, Registration No. 83/966, Soil
Conservation and Watershed Management
Research Institute. [In Persian]

Arekhi, S., & Barani, S. (2024). Comparison of EPM
and RUSLE models in estimating erosion and
sediment production using GIS (Case study:
Chamgardalan watershed of Ilam province).
Journal of Geography and Environmental

Hazards, 13(2), 339-371.
doi:10.22067/geoeh.2022.75260.1176 [In
Persian]

Arekhi, S., Barani, S., & Emadodin, S. (2022). Zoning
Erosion Hazard and Sediment Estimation in
Cham Gardalan basin (Ilam province) using the
Revised Universal Soil Erosion Equation
(RUSLE). Natural  Environmental Hazards,
11(34), 35-56. doi:
10.22111/jneh.2022.39063.1822 [In Persian]

Arnoldus, JM.J. (1977). Methodology used to
determine the maximum potential average
annual soil loss due to sheet and rill erosion in
Morocco. Food. Agric. Org., Soils Bull. 34, 39—
51.

Arnoldus, M., Taguas, E.V., and Gémez, J.A. (2017).
Exploring calibration strategies of the SEDD
model in two olive orchard catchments.
Geomorphology, 290, 17-28. doi:
10.1016/j.geomorph.2017.03.034

Baibordi, M. (2014). Soil physics. Tehran University
Press, 674 p. [In Persian]

Burguet, M., Taguas, E.V., and Gémez, J.A. (2017).
Exploring calibration strategies of the SEDD
model in two olive orchard catchments.
Geomorphology, 290, 17-28. doi:
10.1016/j.geomorph.2017.03.034

Chamani, R., & Azari, M. (2021). Land Use
Restoration Impacts on Hydrological Behavior
of Chehel Chay Watershed of Golestan
Province. Water and  Soil, 35(2), 179-
188. doi:10.22067/jsw.2021.15022.0 [In
Persian]

Davoudi, S., Ghaffari, H., & Farrokhian Firouzi, A.
(2024). Spatial Estimation of Soil Erosion and
Sediment Yield in GIS Environment Using
SEDD and RUSLE Models: A Case Study
Roudzard Watershed in Khuzestan
Province. Iranian  Journal  of  Watershed
Management Science and Engineering, 18(66),
1-13. d0i:10.22034/18.66.1 [In Persian]

De Crop, W., Verschuren, D., Ryken, N., Basooma,
R., Okuonzia, J.T. and Verdoodt, A. (2023).
Accelerated soil erosion and sedimentation
associated with agricultural activity in Crater-
Lake Catchments of Western Uganda. Land,
12(5), 976.  http://hdl.handle.net/1854/LU-
01H8NXFJCP1IMNN23EE7JGV62S3


https://doi.org/10.1007/s11629-025-9812-z
https://doi.org/10.1007/s11629-025-9812-z
https://m.sc/
https://doi.org/10.1016/j.atmosres.2013.02.013
https://doi.org/10.22067/geoeh.2022.75260.1176
http://dx.doi.org/10.22067/jsw.2021.15022.0
http://jwmsei.ir/article-1-1152-en.pdf
http://jwmsei.ir/article-1-1152-en.pdf
http://jwmsei.ir/article-1-1152-en.pdf
http://jwmsei.ir/article-1-1152-en.pdf
http://jwmsei.ir/article-1-1152-en.pdf
https://doi.org/10.22034/18.66.1

YPE G VY Oloxio ) £40 Jho F 5 )lowds 10,95 [STo g Ol S paike 9 (5L )bo 4y i | 93U oyl 6T g 5135 155 Yy

dos Santos, F.M., de Souza Pelinson, N., de Oliveira,
R.P. and Di Lollo, J.A. (2023). Using the SWAT
model to identify erosion prone areas and to
estimate soil loss and sediment transport in Mogi
Guagu River basin in Sao Paulo State,
Brazil. Catena, 222: 106872.
doi:10.1016/j.catena.2022.106872

Dutta, D., Das, S., Kundu, A., and Taj, A. (2015). Soil
erosion risk assessment in Sanjal watershed,
Jharkhand (India) using geo-informatics,
RUSLE model and TRMM data. Modeling Earth
Systems and Environment, 1, 37.
doi:10.1007/s40808-015-0034-1

Ebrahimzadeh, S., Argany, M., & Mirdar Harijani, F.
(2024).Modeling the rate of soil erosion and
sediment yield using the RUSLE / SDR model in
the Dizgaran watershed. Natural Environmental

Hazards, 13(39), 1-
24. doi:10.22111/jneh.2024.39109.1823 [In
Persian]

Efthimiou, N., Lykoudi, E., and Karavitis, C. (2014).
Soil erosion assessment using the RUSLE model
and GIS. FEuropean Water, (47),15-30.
doi:10.1007/s40003-024-00769-9

Emadodin, 1., Narita, D., and Bork, H.R. (2012). Soil
degradation and agricultural sustainability: an
overview from Iran. Environment, Development
and Sustainability, 14, 611-625.
doi:10.1007/s10668-012-9351-y

Farhan, Y., and Nawaiseh, S. (2015). Spatial
assessment of soil erosion risk using RUSLE and
GIS techniques. Environmental Earth Sciences,
74, 4649—-4669. doi:10.1007/s12665-015-4430-7

Fernandez, C., Wu, J.Q., McCool, D.K., and Sto"ckle,
C.0. (2003). Estimating water erosion and
sediment yield with GIS, RUSLE, and SEDD.
Journal of Soil and Water Conservation, 58(3),
128-136.
doi:10.1080/00224561.2003.12457515

Ferrari, R., Pasqui, M., Bottai, L., Esposito, S., and Di
Giuseppe, E. (2005). Assessment of soil erosion
estimate based on a high temporal resolution
rainfall dataset. In: Proc. 7th European
Conference on Applications of Meteorology
(ECAM), Utrecht, Netherlands, 12-16 September
2005.

Ferro, V. and Porto P. (2000). Sediment delivery
distributed (SEDD) model. Journal of
Hydrologic  Engineering.  5(4):  411-422.
doi:10.1061/(ASCE)1084-0699

Financial Tribune. (2022):
https://financialtribune.com/articles/environmen
t/33787/soil-erosion-in-iran-costs-more-  than-
oil- revenue.

Ganasri, B.P., and Ramesh, H. (2016). Assessment of
soil erosion by RUSLE model using remote

sensing and GIS- A case study of Nethravathi
Basin. Geoscience Frontier, 7(6), 953-961.
doi:10.1016/j.gs£.2015.10.007

Gayen, A., Saha, S., and Pourghasemi, H.R. (2020).
Soil erosion Assessment using RUSLE model
and its Validation by FR probability model.
Geocarto International, 35 (15), 1750-1768.
doi:10.1080/10106049.2019.1581272

Haile, D. C., Bedhane, M. D, Shiferaw, W., Chalite,
G. C,, Birra, D. A., Morgamo, Z. D., Gebre,
Z.A.&Solomon, T. (2025). Estimating soil loss
rates and landcapability classification based on
erosion severity in the Womba Watershed,
Southern Ethiopia. Water and Soil Management
and Modeling, 5(4), 41-64.doi:
10.22098/mmws.2025.18258.1667

Haji, K., Esmali-Ouri, A., Mostafazadeh, R., &
Nazarnejad, H. (2024). Scenario-based land use
management to restore natural areas and
reducing soil erosion rate in a competing land
uses condition. Anthropogenic Pollution, 8(2).
doi:10.57647/.jap.2024.0802.15

Huang, X., Liu, J., Zhang, Z., Fang, G., and Chen, Y.
(2019). Assess river embankment impact on
hydrologic alterations and floodplain
vegetation. Ecological Indicators, 97, 372-379.
doi:10.1016/j.ecolind.2018.10.039

Ibragimov, O., Inamov, B., and Alimakhamatova, S.
(2024). Assessing Soil Erosion Dynamics in the
Bekabad district, Uzbekistan: A Remote Sensing
Approach Integrating the RUSLE Model and
Google Earth Engine. In E3S Web of
Conferences (590: 01005). EDP Sciences.
doi:10.1051/e3sconf/202459001005

Jaragiinas, G., Switoniak, M., and Kinderiene, I.
(2020). Dynamics of slope processes under
changing land use conditions in young morainic
landscapes, Western Lithuania. International
Agrophysics, 34(1), 43-55.
doi:10.31545/intagr/116404

Kaliyeva, D., Tokbergenova, A., Mirzabaev, A.,
Zulpykharov, K., Bissenbayeva, S., Taukebayev,
0., & Qadir, M. (2024). Assessing soil erosion
risk in Kazakhstan: A RUSLE-based approach
for land rehabilitation. Preprint, 1-13. doi:
10.15244/pjoes/187595

Kamuju, N. (2016). Soil erosion and sediment yield
analysis using prototype and enhanced SATEEC
GIS system models. International Journal of
Advanced Remote Sensing and GIS, 5(1), 1471-
1482.

Karimi, S. (2011). Mapping of goods and services of
forest and rangeland ecosystems in Golestan
province (Case study: Gorgan and Aliabad
Katoul watershed). M.Sc. Thesis, University of
Tehran, Iran. [In Persian]


https://doi.org/10.22111/jneh.2024.39109.1823
https://search.eitaa.com/?url=https://doi.org/10.57647/j.jap.2024.0802.15
https://doi.org/10.31545/intagr/116404
https://m.sc/

Yy wee 5659 3 SEDD g RUSLE (sl Jio b Ggaw) g (yinlus b 5150 3,491

Karimi, Z., Sadoddin, A., & Sheikh, V. (2022). Effects
of watershed management practices on the
quadric services of Chehel-Chai Watershed,
Golestan Province. Water and Soil Management

and Modeling, 2(4), 18-
36.doi:10.22098/MMWS.2022.10523.1087 [In
Persian]

Keesstra, S.D., Bouma, J., Wallinga, J., Tittonell, P.,
Smith, P., Cerda, A., Montanarella, L., Quinton,
JN., Pachepsky, Y., van der Putten, W.H.,
Bardgett, R. D., Moolenaar, S., Mol, G., Jansen,
B., and Fresco, L.O. (2016). The significance of
soils and soil science towards realization of the
United Nations sustainable development goals
(SDGS). Soil Discussion, 2, 111-128.
doi:10.5194/s0il-2-111-2016

Khezri, M., Nosrati, K., Mohammadi Rigani, Z.,
Khaleghi, S., & Jalali, S. (2022). The Impact of
Land Use on Erodibility and Soil Quality (Case
Study: Hashtian Catchment, Urmia
Lake). Geography and Environmental
Sustainability, 13(2), 1-17. doi:
10.22126/GES.2022.8143.2564 [In Persian]

Kornejady, A, & Pourghasemi, H.R.
(2019). Landslide  Susceptibility =~ Assessment
Using Data Mining Models, A case study:
Chehel-Chai Basin. Watershed Engineering and

Management, 11(1), 28-
42. dor:20.1001.1.22519300.1398.11.1.3.3 [In
Persian]

Magqgsoom, A., Aslam, B., Hassan, U., Kazmi, Z. A.,
Sodangi, M., Tufail, R. F., and Farooq, D.
(2020). Geospatial assessment of soil erosion
intensity and sediment yield using the revised
universal soil loss equation (RUSLE) model.
ISPRS  International  Journal of Geo-
Information, 9(6), 356. doi: 10.3390/ijgi9060356

McCool, D. K., Foster, G. R., Mutchler, C. K., &
Meyer, L. D. (1989). Revised Slope Length and
Steepness Factors for the Universal Soil Loss
Equation. Transactions of the ASAE, 32(5),
1571-1576

Mersha, E., Degefa, S., Argaw, M., & Mengist, W.
(2025). Spatiotemporal modeling of soil loss and
sediment yield due to land use and land cover
changes: implications for watershed
management. Journal of Water and Climate
Change, 16(3), 1-26. doi: 10.2166/wcc.2025.467

Morgan, R.P.C., Quinton, J.N., Smith, R.E., Govers,
G., Poesen, JJW.A., Auerswald, K., Chisci, G.,
Torri, D. and Styczen, M.E. (1998). The
European Soil Erosion Model (EUROSEM): a
dynamic approach for predicting sediment
transport from fields and small
catchments. Earth  Surface Processes and
Landforms: The Journal of the British

Geomorphological Group, 23(6): 527-544. doi:
10.1002/(SICI)1096-9837(199806)
23:6<527:AID-ESP868>3.0.CO;2-5

Nezhadafzali, K., Shahrokhi, M.R., & Bayatani, F.
(2018). Assessment soil erosion using RUSLE
model and identification the most effective factor
in Dekhan watershed basin of southern
Kerman. Journal of Natural Environment
Hazards, 8(20), 21-
38. https://sid.ir/paper/373685/fa [In Persian]

Noor, H., & Arabkhedri, M. (2023). Prediction of soil
erosion and sediment delivery ratio using
RUSLE at Sanganeh soil conservation research
station. Water and Soil Management and
Modelling, 3(1), 42-53. doi:
10.22098/mmws.2022.11085.1098[In Persian]

Pasban, A.H., Abedini, M., & Frotan, M.
(2022). Evaluation and analysis of the impact of
land use on soil erosion using the RUSLE
experimental model (case study: Balikhlochai
watershed, Ardabil province). Geography and
Human Relationships, 5(3), 238-258. doi:
10.22034/gahr.2023.382150.1796 [In Persian]

Rashki, A., Teluri, A., & Noura, N. (2006). Estimation
of annual erosion and sediment using RUSLE
and SEDD models and GIS in Kahnouk Khash
watershed. Proceedings of the 10th Iranian
Congress of Soil Science, Karaj, Iran.
https:/civilica.com/doc/24503 [In Persian]

Renard, K. G., Freimund, J. R. (1994). Using monthly
precipitation data to estimate the R-factor in the
revised USLE. Journal of Hydrology, 157: 287-
306. doi:10.1016/0022-1694(94)90110-4

Renard, K.G. Foster, G.R. Weesies, G.A. McCool,
D.K. and Yoder, D.C. (1997). Predicting soil
erosion by water: a guide to conservation
planning with the Revised Universal Soil Loss
Equation (RUSLE). Handbook 703. US
Department of Agriculture, Washington

Rezaei Moghaddam, M.H., Hejazi, A., & Mozbani, M.
(2022). Estimation of Erosion-Sediment in Sarab
Sikan Watershed Using RUSLE
Model. Hydrogeomorphology,  9(32), 1-23.
do0i:20.1001.1.23833254.1401.9.32.1.9 [In
Persian]

Robinson, D.A., Panagos, P., Borrelli, P., Jones, A.,
Montanarella, L., Tye, A., and Obst, C.G. (2017).
Soil natural capital in Europe; a framework for
state and change assessment. Sci. Rep.
7(1):6706. doi:10.1038/s41598-017-06819-3.

Saecedi Nazarlu, F., Khavarian Nehzak, H.,
Mostafazadeh, R., & Alaei, N. (2026). Spatial
hotspot analysis of soil erosion rate and
classification of homogeneous zones using GIS
in a mountainous contrasting land-use


https://dor.isc.ac/dor/20.1001.1.22519300.1398.11.1.3.3
https://sid.ir/paper/373685/fa
https://doi.org/10.22034/gahr.2023.382150.1796
https://doi.org/10.1061/(ASCE)1084-0699(2000)5:4(411)
https://ui.adsabs.harvard.edu/link_gateway/1994JHyd..157..287R/doi:10.1016/0022-1694(94)90110-4
https://dor.isc.ac/dor/20.1001.1.23833254.1401.9.32.1.9

YPE G VY Oloxio ) £40 Jho F 5 )lowds 10,95 [STo g Ol S paike 9 (5L )bo 4y i | 93U oyl 6T g 5135 155 YYe

watershed. Scientific Reports. 16, 10456.
doi:10.1038/s41598-026-41668-z

Schwertmann, U., Vogl, W., and Kainz, M. (1990).
Soil erosion by water. Verlag Eugen Ulmer,
Stuttgart

Sohrabi, E., Tahmasebipour, N., Haghizadeh, A., &
Zeinivand, H. (2023). Effect of vegetation on
water erosion using Revised Universal Soil Loss
Equation (RUSLE) (Case study: Madyanwood
River watershed, Lorestan, Iran). Extension and
Development of Watershed Management,

10(39), 11-22.
doi:20.1001.1.26454777.1401.10.39.2.2 [In
Persian]

Taghinejad, H. (2021). Evaluation of the effects of
land use changes on soil erosion potential using
the RUSLE model (Case study: Chehelchay
watershed). M.Sc. Thesis, Lamei Gorgan
Institute of Higher Education. [In Persian]

Van der Knijff, J.M., Jones, R.J.A. and Montanarella
L. (2000). Soil erosion risk assessment in Italy,
EUR 19044 EN, 44pp. Office for Official
Publications of the FEuropean Communities,
Luxembourg.

Wischmeier W.H., and Smith D.D. (1978). Predicting
rainfall erosion losses: a guide to conservation
planning. Agriculture Handbook No. 537. US
Department of Agriculture, Washington DC.

Yu, B. and Rosewell C.J. (1996). A robust estimator
of the R-Factor for the Universal Soil Loss
Equation.  Trans. ASAE, 2, 559-561.
doi:10.13031/2013.27535

Zakwan, M. Pham, Q.B. and Zhu, S. (2021). Effective
discharge computation in the lower Drava River.
Hydrological Sciences Journal. 66(5): 826-837.
doi:10.1080/02626667.2021.1900853


https://search.eitaa.com/?url=https://doi.org/10.1038/s41598-026-41668-z
https://m.sc/
https://doi.org/10.1061/(ASCE)1084-0699(2000)5:4(411)
https://doi.org/10.1080/02626667.2021.1900853


  R =   E .   I 30 1700


  F =   ∑ 1 12      (     p -  i ) 2    P -


      p -  i


    P -


    E  S = 0 . 2 + 0 . 3 ×   e  − 0 . 0256 × s a n d × ( 1 −   s i l t 100 )


  L S =    (   𝜆  22 . 13 )  m   ×    (   S 9 )  n


    Q  s = a   Q  w  b


    S D R  w =   ر س و ب   س ا ل ا ن ه   م ی ا ن گ ی ن  ف ر س ا ی ش   س ا ل ا ن ه   م ی ا ن گ ی ن


    S D R  i = exp ⁡ ( − 𝛽 .   t  p i )

