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Figure 1- Location of the Kasilian representative watershed in Mazandaran Province and Iran.
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Figure 2- The relationship between the average rainfall and the height of the rain gauge stations
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Table 1- Characteristics of the weather stations of Kasilian representative watershed.

Station Elevation (m) Rainfall 2021(m.m)
Sangdeh 1350 863.88
Soudkola 1250 514.98
Darzikola 1300 650.26
Valikbon 1100 678.09
Valikchal 1500 854.24
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Table 2- Land management (P) values in different land uses.

Land use P value
Urban associated areas 0.4
Agriculture 0.7
Rangeland 0.6
Rock 1
Forest 0.1
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Figure 3- Monthly maps of the rainfall erosivity factor (R) (MJ mm ha™ h™") (2021)
in Kasilian representative Watershed.
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Figure 4- Soil erodibility factor (K) map (t h MJ" mm™) in Kasilian representative watershed.

(o s Ky 1) Sl oS 3blio o 1 5511
2 @b g Jole )-*JL’ R i 500 jleds o
5B S 599 eiul CwsVl g oty Gblis
slagidn o adl g casimly bl o Jule (nl
3979 6oL i slaaisls 5 el e woml
waseie o3lail 98l Hlee (gaily g a5 5l aST clils

b s Jole RUSLE Joe o uegh cpl o
aS 04 Sloj Dl s ey g L] slo Jule 5l 50
» el 00 oé‘JQL&J IN Ji.u 59 U‘ Y A__ias
ezl o Jele ol 83lail cgandy gny Jole d_iai &L
g e WeVITE LS jho e (LS GByme
StV b 3blie jo Jule cpl 83lasl s 5 ioo
SS9 (s Sy b el peie lasaid)




. p Ll } 7 P . .
U’/')/{.‘U’fu"; e b Ol Byro pusul 53 SB (ol 8 8o (6 30y ekl (v 2
& °

693000 696000 699000 702000
. N ! :
o o
8- N LS
=3 o
$ $
w«¢ E
=3 =3
=3 =]
2 8
0 w
=24 =3
3 3
=3 =3
(=3 o
o =]
=3 =3
(3 -
(3 o
© Ll
LS_Factor
s | $"5 Boundary E
2 2
& | MW High : 1303.46 E
©™ Ll
. Low:0
0o 1 2 4 6
Km
T T { T
693000 696000 699000 702000

S G yxo sl 0 (LS) gy sy Jole &t -0 S
Figure 5- Topographic factor (LS) map in Kasilian representative watershed.
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Figure 6- Monthly maps of cover factor (C) (2021) in Kasilian representative watershed.
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Figure 8- Monthly soil erosion maps (tons per hectare per year) in Kasilian representative watershed.
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Figure 9- Seasonal (right) and annual (left) soil erosion maps (tons per hectare per year) in Kasilian representative
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Table 4- Results of the average monthly input factors of the RUSLE model in Kasilian representative watershed.

R

K

Year Month (MJ mm ha by (th MJ" mm™) LS C P
January 12.90 0.34
February 17.70 0.32
March 19.50 0.22
April 6.90 0.13
May 29.14 0.15
June 20.42 0.19

2021 July 34.54 0.02 15.59 017 0.26
August 42.66 0.19
September 30.94 0.20
October 33.04 0.31
November 31.52 0.36
December 20.70 0.37

Wlgs o 2 el w0 S sles slaesls ax 5
Lol S 2ol 1) S (g pdyiulw 3 4085 o954
e 5 00 gy el j0 ool alawlie
oalS A wgas B Mol po 9,5 bld b ogs
e BB Lo 5 slole 3  (Sazlo Jule
5 Gdeze) d ol ol )l 4y bogs e yiolw )3

(V7Y ),
Ol b 83l gloa 28 a0 S5, ol etz
25 Gl s &5 8 s s oo S
S e 5 SVl lagaily 5 Laasels

O 50 v i Gialw B (0 BeS 9 Sk (S
el 00l t) Y.V JLMJ Jj‘ olo u,u_w 9 ‘65\3 oo

S sl dad 5 iy S DL il b ieS

5 mb sladad )0 i ol (n i 5 Ol 5
iy Sy e b 3 o a8l il
Slogails ;5 ofsa 5 ol 5l 65008 o o S
S alo,d Jele 5310l B ol o o] VL g 92>
Sy5l 7S S il el i8S
B2 03l0F ) i (g 0eS S ulw ) Caas jo al

&



VFaY ,g‘lg SFY ua”l.g ‘sb)w & ‘5::,1.«.;3 JY 50,y9°

Sl sla Jole wnzils g8 BB s alale
by slodele plyiear (a5 idg o poe s Ok
€S s o S slw s Slale ol Liis g
3 shad lole = jg8 glda _i8 4 azgi basad
b B 2 FeS 5 PR S Gl BV
slafad jo cus g S AYL W olud p 5 65
sload 1o o i 5T G piier 5 Olie) 5 5k
Mﬁf u‘ysn ‘Al.?u‘)_m w‘ oé‘bt) ul—A—M.AJL 9 )...vla
(ol doss 5l 5 Jlw g0 Ao )3 S b 2
YoV o jo S aVle Lol b Gads .cwl ealog
A 3590 Sy 5 ADF LS B yae 1wl o
Glos yinS in yo Gl ,dols las yiagh cpl gl
3lod—dg Bblie )0 ohag b S B yme usul 5
Gaaid Glalu 905 o5 Gudul (eizr dan o S
S 5 &) ok cud b slaaials ;o Laid S
Ey widly 6505 (BLS e aF (oudla, ol);
9 JKiz las )5 hows cdS (g5 e oplplio ol
e S 5 (El 5 (550l e 4 & e
P S s YL ke iol58) ppe Judo
e sl Sl 5l oola —wl b oS 598 o olpiin
Sty Loy 5 () )5 et 5l 6 S 9l2)
S mh w55, 2T Sty sbul Baa by ol 5
O o oL Q;q....l_m)s aS old e g 43 sloole 4o
S Giale 3 Giali8lshol; cud b sble g laassls

25 6 xS sl

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

Ailgs oo a8l ol .onl oolog deaisls (59, (55,5l
9ol Bl el Sz 5o el g 0k cad oy
ol o ode] Cawdty S iyl b 445 2 ol oo
Fobe ey 6 )5 g gyt A i g0 b Gragh
o Jule )59)’.@},,_59] C.Ia_u)b uEn) 5l callae
g YIS S S mole )8 laojlasl Sl aaSTyy jo
oy Dlyti 055t 5 ey 65 £55 45 b= yo
sbojlal Glej 2STy )0 6,8 2 0° 2L Gidg
@laaidl bzl (nlog IS 156 S il
LoYT v - Y ohSe g loing,ogalls slo inghy
g IV VY LS a2 g 52 o0 (V- VY oo
i g oo ol el Ll Yo YT e
Jsb 52 ol (Fazlap Jole oy ks 285
eslio § S (BLS dgy jpa> b Sl 5l alaole
b o o 3550 2] 3 9585 lojpod S s 4o
s g, leole ol jo L (Sanlwd o 5w
b e o)k dlale (Saled o i 500 oo
C.'a.w g 456][.> o ) t) GY? 9 Q5| ‘_gl.asoLa
Ji s oley crlyo (255 sl 5o gt SLS
)97 p Jlie ;5 (2554 Sendlyis 9 9925 (B g canlie
PN R ILIN m)o S Ceaglae 1L &l ylad

A 35gl ol Liws olo g0 ol jo S Slale

Wolesuinn 9 (55 4
aJoles )l oolaz__wl L’ S U.M.'l_mjs h}""‘bj)" U_" )
» RUSLE) SLs cé,jum so_izMol Sl
oolede 53 0L 5 (Bl e sl erie &5 o]



U’/';/'.{,Tu’fjﬁj

Alewell C, Borrelli P, Meusburger K, Pana-
gos P. 2019. Using the USLE: Chances
challenges and limitations of soil erosion
modelling. In Soil Water Conserve Re-
search, 7(3): 203-225.

Allafta H, Opp C. 2022. Soil erosion as-
sessment using the RUSLE model, re-
mote sensing and GIS in the Shatt Al-Ar-
ab basin (Irag-Iran). Applied Sciences,
12(15): 7776.

Ansari A, Tayfur G. 2023. Comparative
analysis of estimation of slope-length
gradient (LS) factor for entire Afghani-
stan. Geomatics, Natural Hazards and
Risk, 14(1): 2200890.

Khatibi M. 2016. Assessment

and predicting of soil erosion risk at

semi-arid mountain: Integration of the

USLE Model and GIS Technique for

soil conservation planning (Case study:

Sareskandarchy Catchement), Eastern

Baiati

Slope.Geography and Planning,19(54):
61-81. (In Persian).

Behera M, Sena DR, Mandal U, Kashyap
PS, Dash SS. 2020. Integrated GIS-
based RUSLE approach for quantifica-
tion of potential soil erosion under future
climate change scenarios. Environmen-
tal Monitoring and Assessment, 192(11):
1-18.

Donovan M. 2022. Modelling soil loss
from surface erosion at high-resolution
to better understand sources and driv-
ers across land uses and catchments; A
national-scale assessment of Aotearoa,
New Zealand. Environmental Modelling
and Software, 147, 105228.

Durigon VL, Carvalho DF, Antunes MAH,
Oliveira PTS, Fernandes MM. 2014.

e b Gl B pm0 8l 53 SB (gl 8 Blale (g 0 yaadS (o 2

el Cawpd

NDVI time series for monitoring RUSLE
cover management factor in a tropical
watershed. International Journal of Re-
mote Sensing, 35(2): 441-453.

Ganasri BP, Ramesh H. 2016. Assessment
of soil erosion by RUSLE model using
remote sensing and GIS-A case study
of Nethravathi Basin. Geoscience Fron-
tiers, 7(6): 953-961.

Gayen A, Saha S. 2017. Application of
weights-of-evidence (WoE) and eviden-
tial belief function (EBF) models for the
delineation of soil erosion vulnerable
zones: A study on Pathro river basin,
Jharkhand, India. Modeling Earth Sys-
tem and Environment, 3, 1123-1139.

Ghavimipanah MH, Gholami L, Ghavi-
mipanah MR. 2022. Estimation of soil
erosion using RUSLE Model and deter-
mination of direct and Indirect damages
in Kan Watershed. Journal Watershed
Management Science, 16(56): 42-52. (In
Persian).

Gupta S, Kumar S. 2017. Simulating cli-
mate change impact on soil erosion using
RUSLE model - A case study in a water-
shed of mid-Himalayan landscape. Jour-
nal of Earth System Science, 126, 43.

Haji Kh, Esmaali-Ouri A, Mostafazadeh R,
Nazarnejad H. 2014. Preparation and as-
sessment of soil erosion map of Rozechai
Urmia Watershed using GIS and RUSLE
model. The 2th National Conference on
Protection of Natural Resources and En-
vironment, Ardabil, pp. 1-7. (In Persian).

Haji Kh, Esmali-Ouri A, Mostafazadeh R,
Nazarnejad H. 2018. Determining soil
erosion rate in different landuses using
RUSLE model in the Rozechai Water-

&



Vfey }g‘-j, SFY u“'ﬁ 60)@3 &Y db)w JY 50,y9°

shed Urmia Iran. Journal of Conservation
and Exploitation of Natural Resources,
7(1): 173-189. (In Persian).

Hajigholizadeh M, Melesse AM, Fuentes
HR. 2018. Erosion and sediment transport
modelling in shallow waters: A review
on approaches models and applications.
International Journal of Environmental
Research and Public Health, 15, 518. (In
Persian).

Hoyos N. 2005. Spatial modeling of soil
erosion potential in a tropical watershed
of the Colombian Andes. Catena, 63(1):
85-108.

Islam MR, Jaafar WZW, Hin LS, Osman N,
Karim MR. 2020. Devel-opment of an
erosion model for Langat river basin Ma-
laysia adapting GIS and RS in RUSLE.
Applied Water Science, 10(7): 1-11.

Khaledi Darvishan A, Faraji J, Gholami
L, Khorsand M. 2021. Spatio-temporal
variation of soil erosion in Khamsan rep-
resentative watershed using RUSLE. Wa-
tershed Engineering and Management,
13(3): 534-547. (In Persian).

Khorsand M, Khaledi-Darvishan A, Ghola-
mali Fard M. 2015. The sensitivity of
the annual erosion estimation map of the
RUSLE Model to the methods of prepar-
ing the agricultural management factor
map (C) in the Khamsan watershed. The
6th National Conference on Sustainable
Agriculture and Natural Resources, Teh-
ran, pp. 1-9. (In Persian).

Koirala P, Thakuri S, Joshi S, Chauhan R.
2019. Estimation of soil erosion in Nepal
using a RUSLE modeling and geospatial
tool. Geosciences, 9, 147.

Madadi A, Pasban A, Nezafat takle B. 2023.
Investigating and evaluating the amount
of soil loss in the land uses of the Atash-

U’/'/TU’ f&}}

gah watershed using the RUSLE Model
and Landsat satellite images (OLI meter).
Journal of Environmental Science Stud-
ies, 8(2): 6612-6625. (In Persian).

Merchan L, Martinez-Grana AM, Alonso
Rojo P, Criado M. 2023. Water erosion
risk analysis in the Arribes del Duero
Natural Park (Spain) using RUSLE and
GIS techniques. Sustainability, 15, 1627.

Mohammadi Sh, Balouei F, Haji Kh,
Khaledi Darvishan A, Karydas CG.
2021.Country-scale spatio-temporal
monitoring of soil erosion in Iran using
the G2 model. International Journal of
Digital Earth,14(8): 1019-1039.

Mohammadi Sh, Karimzadeh H, Habashi
K. 2022. Assessment soil erosion and
deposition in the Menderjan Watershed
using USPED and RUSLE models in the
environment of geographical information
system (GIS). Desert Ecosystem Engi-
neering, 6(17): 43-56. (In Persian).

Mohammadi Sh, Karimzadeh H, Pourmanafi
S, Soltani S. 2018. Spatial and temporal
evaluation of soil erosion using RUSLE
model Landsat satellite image time series
(Case study: Menderjan, Isfahan).Journal
of Range and Watershed Management,
71(3): 759-774. (In Persian).

Noor H, Arabkhedri M. 2023. Prediction of
soil erosion and sediment delivery ratio
using RUSLE at Sanganeh soil conser-
vation research station. Water and Soil
Management and Modelling, 3(1): 42-53.
(In Persian).

Nwaogu C, Okeke OJ, Assuah Adu S,
Babine E, Pechanec V. 2018. Land use-
land cover change and soil-gully erosion
relationships: A study of Nanka South-
Eastern Nigeria using geoinformatics. In
Dynamics in Glscience 4. Springer Inter-

O



U’/';/'.{,Tu’fjﬁj

national Publishing, pp. 305-319.

Olika G, Fikadu G, Gedefa B. 2023. GIS
based soil loss assessment using RUSLE
Model: A case of Horo district, western
Ethiopia. Heliyon, 9, e13313.

Othman AA, Ali SS, Salar SG, Obaid AK,
Al-Kakey O, Liesenberg V. 2023. Insights
for estimating and predicting reservoir
sedimentation using the RUSLE-SDR ap-
proach: A case of Darbandikhan Lake Ba-
sin, Irag—Iran. Remote Sensing, 15, 697.

Panagos P, Ballabio C, Borrelli P, Meusburg-
er K, Klik A, Rousseva S, Tadi¢ M P, Mi-
chaelides S, Hrabalikova M, Olsen P, Aalto
J, Lakatos M, Rymszewicz A, Dumitrescu
A, Begueria S, Alewell Ch. 2015. Rainfall
erosivity in Europe. Science of the Total
Environment, 511: 801-814.

Pasban A, Abedini M, frotan M. 2022. Evalu-
ation and analysis of the impact of land use
on soil erosion using the RUSLE experi-
mental model (Case study: Balikhlochai
Watershed, Ardabil Province). Geography
and Human Relationships, 5(3): 238-258.
(In Persian).

Rawat KS, Singh SK. 2018. Appraisal of soil
conservation capacity using NDVI mod-
el-based C factor of RUSLE model for a
Semi-Arid ungauged watershed: A case
study. Water Conservation Science and En-
gineering, 3(1): 47-58.

Renard KG, Freidmund JR. 1994. Using
monthly precipitation data to estimate the
R-factor in the RUSLE. Journal of Hydrol-
ogy, 157(1-4): 287-306.

Rezaei M, Qargharechi Sh, GHaneei Motlagh
GHR, Ayubi ShA. 2016. Estimation of soil
erosion in Ziarat Basin using RUSLE mod-
el. 10th Iran Soil Science Congress, Karaj,
pp. 1161-1163. (In Persian).

Risse LM, Nearing MA, Laflen JM, Nicks
AD. 1993. Error assessment in the univer-

e b Gl B pm0 8l 53 SB (gl 8 Blale (g 0 yaadS (o 2

sal soil loss equation. Soil Science Society
of America Journal, 57(3): 825-833.

Saadati H, Gholami SA, Sharifi F, Ayubzadeh
SA. 2016. Investigating the effects of land
use change on the surface runoff of the sim-
ulation model. Journal Natural Resources
of Iran, 59(2): 301-313. (In Persian).

Sadeghi SH, Moatamednia M, Moradi H.
2014. Variability of main unit hydrograph
components of Kasilian Watershed in dif-
ferent effective precipitation time bases.
Journal of Water and Soil Conservation,
21(4): 247-260. (In Persian).

Saha M, Sauda SS, Real HRK, Mahmud M.
2022. Estimation of annual rate and spatial
distribution of soil erosion in the Jamuna
basin using RUSLE model: A geospatial
approach. Environmental Challenges, 8,
100524.

Sartip F, Radmanesh F, Zarei H, Salari jazi
M. 2018. Automatic calibration of the con-
tinuous HMS-SMA Rainfall-Runoff model
using the metaheuristic algorithm (Case
study: Kasilian Basin). Irrigation Sciences
and Engineering, 41(3): 15-28. (In Per-
sian).

Serbaji MM, Bouaziz M, Weslati O. 2023.
Soil water erosion modeling in Tunisia us-
ing RUSLE and GIS integrated approaches
and Geospatial Data. Land, 12(3): 548.

Shi ZH, Cai CF, Ding SW, Wang TW, Chow
TL. 2004. Soil conservation planning at
the small watershed level using RUSLE
with GIS: a case study in the three gorge
area of China. Catena, 55(1): 33-48.

Shinde V, Tiwari KN, Singh M. 2010. Priori-
tization of micro watersheds on the basis
of soil erosion hazard using remote sensing
and geographic information system. Inter-
national Journal of Water Resources and
Environmental Engineering, 2(3): 130-

136.

&



VFo¥ b VFF b 50,loud F (50,loud Y (50,93 WA
L 2

Tian P, Zhu Z, Yue Q, He Y, Zhang Z, Hao  No. 537 p. USDA, Washington, DC.
F, Liu M. 2021. Soil erosion assessment Zabihi M, Sadeghi SHR, Vafakhah M. 2014.
by RUSLE with improved P factor and Spatial analysis of rainfall erosivity index
its validation: Case study on mountain- patterns at different time scales in Iran.
ous and hilly areas of Hubei Province Journal of Watershed Engineering and
China.International Soil and Water Con- Management, 7(4): 422-457. (In Persian).

servation Research, 9(3): 433-444. Zhang K, Chao L, Wang Q, Huang Y, Liu R,
Troeh FR, Hobbs JA, Donahue RL. 1980. Hong Y, Tu Y, Qu W, Ye J. 2019. Using
Soil and water conservation for productiv-  multi-satellite microwave remote sensing
ity and environmental production. Pren-  observations for retrieval of daily surface
tice-Hall, 780 p. soil moisture across China. Water Science

Wischmeier WH, Smith DD. 1978. Predict- and Engineering’ 12(2) 85-97.
ing rainfall erosion losses: A guide to con-
servation planning. Agriculture Handbook



sle>
Watershed Management Research Q,‘,ﬁi}

Fars Agricultural and Natural Resources Agricultural Research, Education
Research and Education Center ISSN: 2981-2038 and Extension Organization

Investigating the Monthly Variability of Soil Erosion in the
Kasilian Representative Watershed Using RUSLE Model

Fatemeh Sarouneh! , Abdulvahed Khaledi Darvishan* : , Vahid Mousavi’

1- Former M.Sc. Student, Department of Watershed Management, Faculty of Natural Resources, Tarbiat Modares University Noor, Iran
2- Associate Professor, Department of Watershed Management, Faculty of Natural Resources, Tarbiat Modares University, Noor, Iran
3- Assistant Professor, Department of Watershed Management, Faculty of Natural Resources, Tarbiat Modares University, Noor, Iran

Extended Abstract

Introduction and Goal

One of the most common types of soil degradation is soil erosion under the influence of rain and
runoff factors. Soil erosion reduces the quality of the soil in the place of erosion, and also the sediment
resulting from erosion causes problems inside and outside the watershed. Due to the high cost of
measuring soil erosion and sediment yield, various models have been developed to estimate the intensity
of these variables in different spatial and temporal scales. Among these, the revised universal soil loss
equation (RUSLE) has been widely used in all parts of the world for reasons including the availability
of data required for model input factors and the possibility of implementing it in a distributed format.
Materials and Methods

The present study was conducted in order to estimate soil erosion using the RUSLE model on a monthly
scale for 2021 in the Kasilian Watershed. First, a distribution map of the five factors of the RUSLE
model was prepared. Since the variables of vegetation cover and precipitation have a significant change
on a monthly scale, therefore, the temporal changes of the mentioned factors lead to the dynamics of the
watershed system and the monthly changes of soil erosion. Furthermore, soil erodibility factors,
topography and land management were considered as static factors. Finally, the five factors of the model
were multiplied together in Arc GIS software and erosion distribution maps were prepared on monthly,
seasonal and annual scales.
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Results and Discussion

According to the monthly, seasonal and annual distribution maps of soil erosion, the highest and
lowest monthly soil erosion occurred in November and April with values of 1.13 and 0.13 tons per hectare,
respectively. Also, the average intensity of soil erosion in spring, summer, autumn and winter seasons was
1.32,2.74, 2.99 and 1.52 tons per hectare respectively. Therefore, spring and winter seasons respectively
had the least and autumn and summer seasons had the highest Contribution in the annual soil erosion. It
can also be said that more soil erosion has occurred in the second half of the year compared to the first half.
Finally, the average intensity of soil erosion in the Kasilian Watershed was estimated at 8.56 tons per
hectare per year.

Conclusion and Suggestions

The results showed that a large part of the study watershed has low erosion and only the steep slopes,
especially with low vegetation, including rangelands and abandoned agricultural lands, are prone to
accelerated soil erosion. Specifically, soil erosion has increased due to the conversion of forest and
rangeland into agricultural and orchard and even residential land. Finally, it is suggested to prevent the land
use change by using land management solutions and soil conservation measures, especially in high slopes.
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