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Extended abstract
1- Introduction

Soil erosion is very obvious and noticeable in Iran, where a large part of it is a desert and the soil does not have
a suitable cover. In order to reduce soil erosion and control it, it is necessary to identify factors affecting soil
erosion. Land exploitation methods, forest and pasture exploitation, creation of residential and urban areas,
geological conditions, precipitation, weather factors, etc. are some of the factors that affect the intensity of erosion
in the region. Therefore, knowing the quantitative values of soil erosion is effective in accurately estimating the
adverse, hidden, and intangible effects of erosion

2- Methodology

In this research, the Revised Universal Soil Loss Equation (RUSLE) Model has been used. The amount of soil
erosion in the basin was calculated in two 20-year periods (1980-2000 and 2000-2020). This soil erosion model
is calculated through six factors.

A=RXKxLxSxCxP

(R) the Rainfall erosivity factor, (k) soil erodibility factor, (LS) are slope length and slope degree factors
respectively, () vegetation management factor, and (P) soil protection factor. The data in this research for the
implementation of this model including the rainfall erosivity factor (R), topography including slope length and
slope degree (LS), and vegetation management (C) were prepared from the Google Earth Engine system. The
soil erodibility factor (K) was obtained from the natural resources report. The BLM model was also used to
estimate the evaluation of the RUSLE model. The Google Earth Engine system was used to prepare the land use
maps of each of the 20-year periods. The land use map of the first period was prepared using the supervised
classification method and calling Landsat 5 images, and The land use map of the second period was done using
the CGLS-LC100 product, which is produced and updated at the Copernicus Global Earth Center and using
Sentinel satellite images

3- Results

By analyzing the obtained maps, the rain erosion factor for the first period (1980-2000) has an average of 2.02,
the minimum value is 1.80 and the maximum is 2.29, and the second period (2000-2020) is from 1.55 to 2.07 is
variable, its average is 1.783. The erodibility factor of the region's soils varies from 0 to 0.349 and its average
value is 0.0264. The topography factor of the studied basin varies from 0 to 250 and its average value is 8.77.
The vegetation management factor varies between 0.181 and 0.505 and its average is 0.353. This factor varies
between 0.315 and 0.494 in the second period, and its average is 0.429 and has an increasing trend compared to
the first period, which indicates the decrease of vegetation in the study area compared to the first period. The
ground protection factor is also considered to be 1. To calculate the annual average soil erosion rate of the Award
Basin in the first period (1980-2000), the various factors of the RUSLE model were converted to the same raster
format and cell size, and coordinate system. To determine the risk of soil erosion, the produced layers including
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the rainfall erosivity layers, soil erodibility, topography, vegetation and soil protection factor were multiplied
with the help of the Spatial Analyst extension of the ArcGIS program. The amount of annual loss of soil in terms
of (tons per hectare per year) was obtained on a cell-by-cell basis. According to the results, the amount of erosion
in the first period varies from 0 to 59.62 tons per hectare and its average is 1.64. The highest amount of soil
erosion is in the middle and eastern regions with high slopes. In the second period, the layers of the soil erodibility
factor, topography and soil protection factor are the same as in the first period because they are considered
constant. The amount of erosion in the area in the second 20-year period varies from 0 to 63.38 tons per hectare,
and its average is 1.75 and shows an increasing trend compared to the first period. The RMSE, MAE and MSE
statistical indices were used to evaluate the accuracy of the RUSLE model and the degree of agreement of its
erosion classes with the output of the BLM based on the map of sampling points. Examination of the values of
the mentioned indicators showed that the root mean square error, mean absolute error and mean square error
statistics in the RUSLE model have low values of 1.23, 0.96 and 1.52, respectively, as a result this model has It
is a small error. After preparing the land use map for the first period, it was determined that in this period, the
studied basin includes four land uses: forest, agriculture, pastures and woodlands, and residential. In the second
period, there have been forest uses, destroyed forests, agriculture, pastures and woodlands, and residential areas.
Then the land use maps prepared in the Google Earth Engine in two periods were transferred to the GIS
environment system and the area of each of the above uses was obtained. The area of forests in the studied basin
has decreased by 1590.956 hectares and 2014.827 hectares have been added to the area of degraded forests. Also,
2128/368 hectares have been added to the area of agriculture in this basin, and 2557/865 hectares have also
decreased from the area of pastures in this area. It should be noted that 5.6266 hectares have been added to the
area of residential areas of this basin.Click here and insert your abstract text. Click here and insert your abstract
text. Click here and insert your abstract text. Click here and insert your abstract text. Click here and insert your
abstract text. Click here and insert your abstract text. Click here and insert your abstract text. Click here and insert
your abstract text. Click here and insert your abstract text. Click here and insert your abstract text. Click here and
insert your abstract text. Click here and insert your abstract text. Click here and insert your abstract text. Click
here and insert your abstract text. Click here and insert your abstract text. Click here and insert your abstract text.

4- Discussion & Conclusions

The findings of this research in two 20-year periods (1980 2000) and (2000 2020) in the studied area show
that the amount of precipitation in the second period has decreased compared to the first period. The amount of
Rainfall erosivity in the first period had a minimum value of 1.80 and a maximum value of 2.29. In the second
period, its value varied between 1.55 and 2.07. Thus, the amount of precipitation in the second period did not
greatly affect the process of increasing soil erosion. However, the examination of the pictures and maps prepared
on the amount of land use changes shows that the amount of forest and pasture area in this region has decreased
and the area of destroyed forests and agricultural and residential lands has been added. Therefore, the role of land
use changes in increasing soil erosion is significant. The research results of Teimouri (2018), Mayahi (2021) and
Arkhi (2022) also confirm that increasing rainfall, changing land use and reducing vegetation are effective in
increasing soil erosion.

Key Words: Google Earth Engine, land use, rainfall erosivity, RUSLE

Cite this article: Garshashi, F ., & Joker Sarhangi, E. (2024). The role of land use changes and rainfall on soil erosion
rate in Evard watershed, Nekarood. Journal of Environmental Erosion Research. 2024; 14 (1) :102-120.
http//doi.org/

© The Author(s). Published by Hormozgan University Press.
A DOI: http//doi.org/ URL.: http://magazine.hormozgan.ac.ir
\oy


http://dx.doi.org/10.61186/jeer.14.1.102

VoYY AFr Ll (OY) N F: N s ple b b i
http://magazine.hormozgan.ac.ir

2935 2,150 ad s 33 S b8 Olsn ok 9 (o213 6 Ok S (o
bl e ol ol 5 i sl 0SS s bl Al ol IS s 3 gt S dal®

bl Ll o8l bzl 5 il sl 0aS2is il 00,5 il 1 i oo S g o

s e g
(T Y878 i pdy ‘@)\s‘ \f~Y/Y‘/\f:cJ\U>@U) Al Ao U
DOI: http//doi.org/

[ DOI: 10.61186/jeer.14.1.102 ]

oASx

5 e st S ol b g, 5 Jalss 5 AT Ol il ol o ST B sl w5
Gl 53 k5 (Bl S L il s Baa b ol ey ol s OT i S S S
ablan 51 sk cpl (gl ad plasl (VIAS=Yeoe s Ye¥eoYeoe) dll ¥ 055 93 3 5, sl i S
5 6obel slaasls el b dae ol @ds b5l ol odd o3liwl(RUSLE) ST gale b Sler oai-Sol
(RIOLL (Sl Jalse slaosls s plosil eT s 4y i Slaalitin (b OT Jalse s SBLM o
oSl loaaT o sey omil &) 88 55 (sloslsala usloai 51 (LS) 18 555 5 (C) S ity oo s
yer o5 2C Jale  Kle s MJmmhatha ™ty L \iVAY 5 Y0¥ s arpss 5 dslosss 53R Jale
IR PR AP NG D || SV SIS S 5 SV IS JUIF: ITPONG L DX G CSUNNPYRYL L Lt
U B JRV PR PR A ST p-”i)}iﬂ 5 TM o jloslanwl b (VA=Y v v) dglo, 55 s adbas
VAT IS s o 238 planil (LT ol alu 5 o ey ile ¢ sorlal (51805 g0 S ool b (oL
L COLS-LCL00 (e ity sl e 51 (100 0mX0¥0) 033 55 (sl sls O 1 +/4) LS oy o
colon OT ol o8 a iyl K0uS Losss 55 s 3 st ccomlS Ot s oslinal Ao ys Ar 233
St b b K s a5 s IS A TV 5V S i ol s s b K
VS dslesss s Sl il b oVl (Kol seT s 4 s Gob ol el Sl 55K 3blis 5 51
b ST 5 Jl 3 LS L3 (5 VYO p3 a)s3 U3 5 Jlw 53 SIS 53 5 0V/5Y U STl 5 I o 1S s
Gl e ol el Ll s s STl 2l h il e Sl oS el i Jl s LS s o5 SFIYA
ESPN PR CEUE P LRI IS W J IRV PN g C U g YRS IE g R A I
b adbie 53 o gl (ool Ry AT a8 Sl sl sl

RUSLE ¢ ol &)l K55 0L Sanle (ol o8 1S 0850

ejokar@umz.ac.ir = :Jghwme Soduw g5


http://magazine.hormozgan.ac.ir/
mailto:e.jokar@umz.ac.ir
http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

ol B BOL g (L2 S Ol i S0 B g S8 g g pls S

Anddo o\

Shablis wn) o g g 2l 51 (S wce w0 0T 5 Sl 2alu b oS col Sl 5iS dex 50l
BBt clin 5 e Sy s ps L5 4 slols (ST 51 5 bOska Wle a 558 JodS e S Lo
e s VB0 il Ol s ST sl b YL o Kle (Khaledi Darvishan et al, 2021) 55 5 eslizul
D3 eoae Jalse 5T s ST ol (Asadi et al, 2022) el (Ve ST Sl 5 s Ue Y/V Jilas)
s (g i ol a1 o0 BT 3 0Ll e (255 Hs & (Bl (6l 5 el esodl it Ll 65,5
IR U Nt P FIE SN W ISR N O ST VP SN c JCH T e PR CgCH JUIEC P !
Sl b b5l &S ssT 51 .(Teimouri et al, 2018, & Prashanth et al, 2023) &, & STl ol b uef
95 3 iexw ((Choupanian et al 2023) ol s, g 5 oYU Coanl 3l ladbie 5 S5 b lis 45 STl
SRt palhe (Rl Grmed 5 2L LLI Grr i (seed R Sl esletul S gama Jils @ (gl sale
chupin et al, 2022, ) il —wlul Coeal Gy K15 o LOT (5w oS 5 b claanT b Sl S
NSt 5887 5l (goloms 3 2l o s ST sl s (Khanyaghma et al, 2014 & Zerehi et al, 2023
0dd Do S 2l b L5l sdie daw s o e s OLLS L AW o)l Sl 03,8 slnl 1 (5oL
YL esls (3555 4 5 dad odamy LI ST 2ol b S5 sladas (Ganasri & Ramesh, 2016) <.l
3 e dslae a5l o sladin Lol S o Jleis 5 oldie b bl s 1) badas ol 5,87 & w0 5L
b ool S lie b bl s Sl 2l s b5l sl sl s iy, K (RUSLE) S Osls s
() s esdle s sleibate 5 Sler mla s STl Bl b bl 5s @YU il 5 s ol b 41
sl w5 s S e gl A 5,505 Ko RUSLE Jas LGIS 5 55l toni o s SGiS3 oS 5

(Maetal, 2023) el Sl 2ol
2 LOT b 5 Sl (S i o35 4 s (il ool ok s b Al s (o3 Slillas 058G
5 S it S s 4 (TOA) OLSs 5 Chen .ol 3 8 &y o Cilisn bl s ST 2yl b
5 ey S o sl OLE mls sy o ol O 3 ot bl 5o STl s Sl
S 50l 5 DUlas s ke amglia il (658 ST b 5 UL, YU iy b sl
O3l 5 ity oo Uy, Eely ol oS Olejas 5 3L @ad b Sw,b & sl olss Sl £
St 3 505 S oS 5 oLl (YA) 0L Kes 5 Ouyang syt o ALS ity gl amn > S
2B S WS Saa SVsb (0555l axn g o ysdse a0 L ST Ll S el
el aaly S ol by S colt Sl 4 o s BB Sb ol o)l Sl sl ol
St S T o K s STl ol il Ol 31—y s 4 (YA) Stathis  Stefanidis
Yzl G b Sl 5 1) 05 0Ll b 0¥ Fl 53 aosn YVY [2alS sl Ot s sl cladl e
o (Y14) 0L Kea 5 Papaiordanidis .55 o STl il b Lwily s (deos -8/F) S palS 4 o
2l bl o sy ol &)l €8 wlalu 53 RUSLE. Sl ahalan Sl ealial b STl jtlu b s iy

e.jokar@umz.ac.ir  :Jghams Subums i
V-0


mailto:e.jokar@umz.ac.ir
http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

ol B g b s 2l g Ol ks S0 g SIS g g il S

s T, i, ST il e sbeiE Ay 4 e el &)l £5 s RUSLE Sl esliul
i (Ko NDVI sl | oS e Sior S0k gl s polin (Vx5 JisT 5 s
Jaa Sleslial b aa gl dlisg, awds o S ol b Salys &l s (Y0¥ ) Zhao s Wang .. ls Lo s
bl s aasl wlisyy as e STt 2l p 5 85ka Lol OLES 5 03,8 w1y sl &)l €58 5 RUSLE
Aigy 5 o3g I 3 LSa L3 o5 VIYE 51088 Y8 V40 AFYF i 5 an¥ o)A 5 Yo18 (Yo ) (Yol (Yoes
2 S s b i) 4 GIS 5 sl &l €8 eslial b (Y1) OLSCea 5 Kumar .sls &S~ Js 5
Sltsgy a0 S ol JQJ.ZJL;..QC)JJM.s@ Ozl andlls oplodzstls s ki 55 e 5o Jlals Glss g,
23 S 3 FY/EE Ol e ST ol b cr u:-<'l-:*’ AL pllaies 5 e ys dadus s Jlasx
Gl le 00 550 ca 4 S by e 5 LS sy e s 35 o edalta L
Gl b b s o8 e s 5oL e BT (VYY) UL 5 Zhao awa aafllas 540 aibis 55 S
el ity L S6 STe malb Sl S e 5B sl O 5 a0 ST
osliul b a3 936 sl s ssnl o SOy ST 2ol s 55T 0 4 (Y0 YY) OLISGa  Sathiyamurthi
Yorf b Jl ol odd ady Sal (il b cu s aztls s GIS 5 405 5l tomw K35 5 RUSLE Jus
e s o 0878 STl VL il 5 5ol 8 sl 0L s g (5) Yo A s (k) Yoot o(Kis)
AV & YoVl gl Oln opl il 2ol 58l 5Sa 48w (ol ala>d B 55b a0 Yord Jla 5o 55 Yoo f Jl o
Yoot Jl 5l a8 J s ol il b8l ao s §Y Ol 4 Yoo d B Yo f Sl adbte s ol bt S
62N 5 b Show ST (YA 0L e 5 Saffari Ol sl s .ol sl 2al asys Y0 Ol 4 Yo\e b
SIS ka0 (o ity el b i S s 13558 8 s ase S Ll s o)
i O3k S s iusES e GBI e 0 on s Bl oS (ST L Ko (S Ko oy
S il iy 213l e T G gl ¢t -l Al o3 b s Sl sl S
ol (ol 6208 e s Bl e 31 (YAA) OLSa 5 TEIMOUN .als 0L 1) 5o 3 o] a5 5o
A it dale 5 (R) OLL sl b 55876 5l 0Lt s 5 8 sl RUSLE 3, 5l sl L 1, ST
s 58 S s s ol S Dk s el Ol wwiien 3G RUSLE Jue s (C)
5 935l o Sl eslial b sy 5 Ghaled o Gk s oLl ol Sl L3 bl 4 (Y YY) Arkhi
S s o5 FUAY OYAT s Gl s o S0le o ol 0L gl oty 03] s sy 5= L3 GIS
A s el el od, JL s SSa s o5 YA 4 OT Jlads VWA Jls s &S el oa g JLs o
Sl sl aalllan o555 Isb 5o OT i s sl sits oS s maldl esly lgss Sl o
(1YT) 0L 5 Saljughy ol omss 8 gy 5l Gl Sl psome 53 5 0L (Sanla s o)
cadla s 1, 08 50,8 6,5 45 loslsale claesls Slesliml b ST uln s K9,y bl ) i 3!

)?LL}'M‘&EAJ) A_{Lﬁ- U’;'.’.L""Jé u.;.&l)é‘ ‘OMTCA_JJQ L;LM;.%\;“ wl.mlx.l})l))ljs IR S Y'\\jY'\'

\es


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

VYSAY e A EY e (%) VE: ) e fol b gla fags

5 =2l 8 Jsol b Ol L3 5l Sl Jalse 5 2L Sl s JLaSis Ogzen (ol Julse
ol s Vb T claas o s OT canlals o e

e 5l 053l 555 el o 5 s 4S5l 3 gm s Camer s iz 2905 5l Al o
2 Bl s ead ALE rg Sl s S e Ol el el e ailis e
ol ol o a5l 5 3L o @ a5 b adlie l pmen Sl 318 ST 2l b g oo Ky,
Sl g S i 5 alie el Jlas Bled g cod o 5T Glaarig s L3 Lo s Ko
Dl b wlis 7 o)ls) (le 2 ST SIS w1 0L T Gl 5 eSS ol eV & adlas
Slglad e S 2ol b Ol 2L s (2Ll )l Sk BB ey Saa b L5l s (OLasb
bles 5 ool Sl JE8 claosls 5l oslimal (VA=Y vs g YornnYo Yo ) Wl oy o3 55 45 5555
Jas 5l ol (ol b iy saatd GG Como () 4 0556 8 pbsl ST 2la b Sl sddidls!
sdis Slim a5 (MSE 5 MAE RMSE) (LT b jasls 5 (BLM) 4l dus K 5l eslieul L RUSLE
95 5l oS o b STl Gl s ok olia 5 Sl ol Olsan 5T s (B ) et e
5 r Cikn 3o 0553 33 53 S il 5 anglin sl i plosil ailate s sl &) K5 5055l St
ST LS ST sl S e Sl Bl s 5 adlaie 5> ST ol b 1S eE )

anflas 3 g0 ddboie Y
£l (B sb YOV N OO FY YA S LSl e g 3 3585 51l e s> ol b anlllan 5 50 adlaie
Olasle SVEY-Y oyled 4 V:¥ar s sy SIS 5 5 claaldis) Corl oad Bls Jas (2,8 ¥EO XA YT G YE0 v
03 9aomn 53 5 ASb or i Ol gl (Blamiul o) s 5o wlbow Slond 5 5l s pl (L3S ()l e
ad g il il sl o LS AEV Y 5l 4 g s () S 25 515 0Ll Ol 3,5
D33 4 Gheta & 28 Sl B 3 s pe Ko slassly oz WD 0T gLl a5 e A Y
@S 5 Sl e add « SaT slaaslas; 1 WOT 51 as zobe &l SIS 5 S a5s5m « SSa5s504
U5 el Ll s (5287 (i Ol gty DS e Vil lis e aii) cl sl gy
203 b e g lsa 5 OT (Fobs Jhas @ e S Lo s Glilme slea 5 T 5,08l A s o]
e lr ol s $04 350 ab g 53 S L sVl 50ke om0l LT clboyas 5 Olles w28 Ll
VG 5 e 1Y (o5 ole s Ly 5 Kka o Tl 7 cmal 318 sl ar s VV/ES adlate &l am s SYL

(O3 Ol b wlin JS7 o131 aliilgn 5158) ol 51T o a3 WIA ol s 55 0T


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

ol B g b s 2l g Ol ks S0

b S g g pels 8

53°45'0"E 53°48'0"E

36°40'30"N

Z
=]
0
~
%)
by

©
»

36°34'30"N

36°31'30"N

53°43'30"E  53°46'30"E

53°51'0"E

53°54'0"E

53°57'0"E

53°49'30"E  53°52'30"E  53°55'30"E

3,19l Ao g LBl hor e o 1) Jﬁ.»

H9) 93y

SR &l e g esls )Y

zlAal sl ol ods oslinal BLM 5 RUSLE gla Jus OT bl s ol s ol bt 2ags ol oo
RUSLE Jus 31 oS5 eslial s eslial ol &l €58 SIRUSLE s sla s, 46 5 3sssn (slaesls

oS s ST 2l b e i ol (clolsale cbaosls 5 ol STt 2ala b 55T 0 Gds i, S o

a3 9 dsb lule (ol TerraClimate ol ale 51 01, ufx,“u; Jols I (Saljugi et al ,2023) &l oS

ojb,‘hl.ar oLl 9 ETM2+ JTM le.‘bow J‘ @L;f g_):“’""}.’. Co e ‘_}.ALG st.: MERIT HydrO ojb.chl.n J‘ g_,\.:..'ﬁ

A5 o3litl O35l Okl ab sylis S 3 ST ey les Jele gl s () ) e

(J.:.Aj)g.:.n) o5ldi! .Uyslho.\:qd.«uéﬁbsho:}.\m}‘.wé\g:\ Jod>

Tm
VAT YL
oY v /sn
Vi S
VS v/
V/80 -\/Va
/oA =YY

OLlI
EF /D
/£ =+ /0
oY /s
IS¥ v ISA
JAS =+ JAA

YA Y/

ETM+
/£ /oY
/Ay — /5
ISY — /57
VW = /A
V/80 -\/Va
Y/ o4 Y/¥e

sl
B\
By
By
Bf
Ba
By

a3k 5IBLM Jua Jalss  sled a8l araz g LRUSLE Jua s Olpe s 2l el e

Olab a) Sy 428 Olgea Jags ol s «(Bayat et al, 2020) ,\;Ju» Cws a Sl sdalin 5 ol >0

Glebis 428 K Cmen A 03ls B OT L RUSLE Jute sid canaih 28 5 < 8 15 eslimal 5,50 2ul s

! Thematic Mapper
2 Enhance Thematic Mapper
3 Operational Land Imager

VoA


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

VYSAY e A EY e (%) VE: ) e fol b gla fags

6ls 45}*'36}{” A e due ! J,pb- claid 1 abd VIV 5 g ls d ges dl)frb-:"'d"uf&r‘z PPy
o T 51K Ol )5S e s (513 p 505 BB bl oo e YO+ ol gd b 55 pline gy S
125,5 tomlons (o Slag o (5 5500) MSE® 5 (Gllar sl . 550) MAE" (et ey Ki0s i) RMSE?

AT s ol p cuuang 4B &35 Ol g

adlaia y3 S ale B Jlgr oud ol dus Jal go N
(Renard et al, 1997) 53 s oslazal Jale 2 51 (Valul)) STl 2ole b Sle ol el dolas o
A=RXKXLXSXCXP VAl

Liet) el S b s 2ok s ol S o5l il e oSt 5 ol 0L (Sanlud bR

L Ol s labe odil 0315 as sazes &5 TerraClimate o lsale s slas aidbe ol cresls a5 ¢l .(al, 2014

235 lsl by s Sl 5 slale Sub sk 5 Sl sl &l €8 s col e $5YA K5 o8

o2+l gob M mmha ™ ha ™ty ™t ey (R) OLL Sanla i Sl s ag dla Yo Sl oyss 9
il 5 o o parls daly (Yal) del s & )58

F = 3:21 Pi2 Y :\’a.gb
- 12
i=1P

ey Ve Sk G Sa P s e s i 6ol SuL S By i e La FOT 5 o
e . . . L
Bl bl gl Bses b 93,0, lw g S F ¥ Laly, 3 s5 arls I (b b e ol e e
aT s 4y anlllan 590 adbie gy R LS e cods slgniny ((S85,b was) LS, deais classls

0 L) 7
(—*F847 vodl,
R — Factor = 073917 F <55
2
95 6 0 F i,
55 — * F +
R — Factor — (77 081 — 477F2) F>55
2

) S 0L 1 eanln b s ale & s ST ol 3T e 5 ol ST ol ol s ke K

L;,“:guziu;615,53;\.>J|;@&u;&quw@gwwjjuc)pw@yu
Khosravi-) aas g 0l 1 Saulu s asly sl Sl Sl Ol 5039 S tnlow i Jole 5l ol STl

1 Root Mean Square Error
2 Mean Absolute Error
3 Mean Square Error


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

ol B g b s 2l g Ol ks S0 g SIS g g il S

oyl ) SIK s acules 5 5l ad g 53 ST g ds ol b 986 Olss s ol .(Aghdam et al, 2018

(D553 Ozl arb a5 o lsl lia Sl SS) as eslial (2)

K = 2/8 x 107M1/14(12-a) + 4/3 x 103 (b-2) + 3/3 x 10-3 (C-3) > ilal,

Ao =8 (Vo = ey deo ) (oo bt o deon + Sdew ao3) STl b o1l ml b = M iOT s o8
() oo b b canails V) 5oy sl (V) s o sinals) ST Ol bl =b ¢ JT 5l
(V) g cndidss sl & S 600558 U =C ((F) Gloas b 5 glamin b (S5k Ol Lo (6
5 (0) S (358 (F) st U oS (g nd3 585 (F) owgin (6358 (V) o U st (6 0005588
() ST (e g dyd ol
Lt ) Sl (Saulo s Jodly 5 c Ol 316318 55 Jole Olyeas ol o 55 5 b LS
3L 51 el 2l 5wl s o s 03,57 emse (sl (Ahmadabadi & Seddighi Far, 2016) 1as
Syl (e 80) s b 0L o gy 4t K oS as eslal MERIT Hydro ol sale (Cus,l) Elevation

ol Sl ueljfyy 0556 5,01 5 6l Gt opl g3 il 0ul 52ie MERIT DEM o5 )1 glesls V/o /Y aseis

AS \* / sin@
15=(53713)  (5/080)
22/13 0/0896

Clz.,jisl.in A esleul (DEM) CLEJ‘ sy Jae OT aslos (ol o S ol Ot e a3 (0) alal s
j‘AS ))_SJL;G L;)L>J.E.3)J}A d)l_»' &l)d{uOT;‘JTJCA_Ml Lsg‘bbd}l_.ﬂ k:n;'t—mﬁ d)L.xA (AS) 4_@}9- °J‘.’.3
C)Lij.,;4_.1.3.3@&L::_.AJJ)B;A@..LATQ_.QQV@IJJHJLE_JQd)hsbgléjlxljswqﬁd\iﬁyj—éyb

ol 0 odlal &

13 s dayl,

ol sala dir b 3l eslaal b 5 il &l €8 51 (FLOW DIRECTION) s g 0L o Cagr 4 ¢ onos
5 (FLOW ACCUMULATION) ress Ol = 48 Ol o Cogr 428 485 5| s -3 48 MERIT Hydro

A 4 ArcMap Lo
AS = FLOW Accoumulation X Cell Size v :‘h")

3ol g b ST iS5 a3l b o 3l ST Ol a0l o el AE pby ke C

Jole ol tass somn 0200l sy ol LS Ll s it 5 S s S ST (b s e asd Olea
s sloms (Habashi etal, 2018) 5 5 o amlons 933l w6531 b &8 ol ot Jbo i aS 2ty ol
52318 3l oslial b 5 ool (NDVI) e Jo 5 sylaze aLS ol 0,8 o 13 salinals 0 iy 8 LS
@Lf S gls] Sl a3 ek 5 SR eaas Ol Lasll ) T e s g3l oww

\AK


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

VYSAY e A EY e (%) VE: ) e fol b gla fags

# N =Y o ralin Ypemn b b 5 et bl asle (AL s Osm gblu b LS pay
oli 558 0 o (NIR —Red) / (NIR + Red) &) 5 pay oL opl (Lietal, 2014) was o OL S
G2 C o o NDVI ol ol38l b a8 s s 5l 550y o sSan oS alasl, S C s o5 5 NDVI

(A b)) b s

1—NDVI
C=——

A il
2

318 Gdl s s s LY 0555 55 3 ool &l K5 wlalas 3l eslial UNDVI e g 0 425
ol 0l (5usliS s b Yoo Slam & Celong b e addllaes g adate 1 platou Yoo
ool S s aalem YL Y Sl s s Ol 4 by e cwtd yslai s NDVI slie Ls oen
Sl o sl ol 50528 S s S et bl S oy Sk Gl s « Sl
b o KLl b s oalinl s s3]y sl 5 2SOy o ohOLT yslass S G ol Lo K
a2 gl oy93 sl el s 40,95 o Sl Gl Jl iy 3 NDVI(JLSis 51058 o gl AdL o
MEE 33 p3 0533 3 5 A aggd et TM st 51 VATV AM-1 482148021848 cladl s NDVI o S5l
(Y Jgaz) 4 g OLI 5 ETM+ claoaiomss 51 Yoo AoY e ia-¥ oy oY ova-ve¥e cladle ol NDVI 5Kl
5 I o s Sl i el cems] sae ) pale A5 (sla s b wmrlin 5> (OLI) Acsd
23l Ul 5 Ol IS (6l s om0 31 (65385 kit 5 (S sl SIS S8 adlys g
.(Roy et al, 2016) . oslazul & abal, 51 (OLI) A cowdd LV 50 Cnd
NDVIgy; = 0/0235 + 0/9723 * NDVIry /eras \ i,

NDVI &lsbne gl 03Ul 5, 50 05 gale o g S 50527 s

(Voo =¥e¥e) 330,933 NDVI o &Kiko awlns (V8AL =Y 10 0) Ul 0593,5 NDVI :Kks aulows

Landsat Landsat o)) sale
ETM+,0LI Tm okion:
st st S S oy
Yo oY By s AT Y YAAF-1AAA-144Y-1440-1444 s dyse Jle

ijQoudL&&:ﬂj&ch_m»‘3)34:.:))&3.3)‘JU-O‘J’..;AM}J@‘J\;’-&LU}JAL;P
St Bl b 5l sl T b s w55 035 W cond (0 S b s Vb S 3 s en g o
3 S sl 5 Ol Lo kb S sl (s (s Wl 5 5 sl et Gl bkt gy s ciS
Kb P s el Bl Sllas m;c& S1 .(Wischmeier & Smith, 1987) = eh e sl

b s S s Sl P e et el (o 836 cblim DIl s sl ad s > S LTS g el

&bﬁ))&‘)‘dﬁ)‘;Q‘Mwa—f

\RR!


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

ol B g b s 2l g Ol ks S0 g SIS g g il S

SleA L g ead Syl g, 5l eslawl b (VA=Y ) dolo)s so (oll Jid g ganaib ol agsh s
s ﬁ)}i” S aib By, gl A plowl e ¥ KK a8 bt o)l pale TM otz 5l
e bl 4 5 Ol 333 jsb a4 J3ieeT bl eslial sl &)l K8 5 (Cart) Opn S, 5 cindid
Seslanal b 5 S 58 Slex (s 55 0 05 S COLS-LCL00 Jsmmmn Sl 55 p 33 0555 55 oy 4k gl s
A sy g eV K8 @l b dgaam opl i ooliul 558 o Slusias & s 9 w0 jlsale s olas

ms or L1 s sy ¢l Gl 1 e sl oS cl as s

2 6 il shalb Cone g1 V=YY
J%LgLg.,\.:.ga.i:.laL;Lshi.i.ajWélﬁjjwljljMO\.@«H&@)%&@Q)JOT“JJ?}ULgJ.;gd.Z,)a@LZS
Soltani & ) .l kb U Lo bl oo Sy b psbas sl oSy Sy 4 Sy i

J
G 2l sk 4 s oYL e cds " &)l K5 3le3 sl 5 (Mohammadnejad, 2021
Jal oy95,5 lolsale o slad canaib 51w (Kiyanietal, 2014) 555 o osliul glojlsale o slad cduaib
Cls anaih Ol o > & el aaisei 5 &) B8 sl Sl sslinal b ghnail S 5, cadlllas
2Ll e 4ib G g Al LS oy 5 g IS s sy 5l Sl eslil b s S sl (o o3l
S S S e 4 e ekl s U oSy S T el el 285 51 20k S s 2

(Fatemi & Rezaei, 2016) & awsls V¢ adasl, b g dais OLES | p ks

¢ _E. 5
0A =Z21=11 Vo dbl,

N
WOA) o UM.LJSLA L;JLE L;L.,b_cl Slass Eii ‘fﬁl’m &um Jf S N 4\.«\;«% Sl C OTJA ny
i (3la Oy 4 Wl el K S Al 4 s ) gauaib B LK o s ool giuadb K

(Fatemi & Rezaei, 2016) 4 awle VN alaly 53 ,b 51 9 dds 0 Cowd 4y 355

N X — XX X VYl

K
N2 — ¥ X Xy

\Y i,
x+j=zxij

i=1

laacdl,—f

! Classification and Regression Tree

ARA


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

VYSAY e A EY e (%) VE: ) e gule b gla s

Al Yo o0y95 95 )3 S iulu,d syl V-
YY) s 5 (VA=Y ) ol esss 93 a3 sl e ST L b ssT sk w Sl ass s
Jile ol oas ol al el &) S5 Wl slaesls 5 STl L Gler e il dslaa 51 (Yo
S 458 wlona (Y ) s jaxls Jge s UMImmha~tha ly ™l s i s 0L (Sanle b
GBS s malub ol b s & WY OT s 5 VA ) il Y0¥ Lale ol S0
o M S sy bale Oy Cmimed Sl ¢/ ¥SS OT 5:la 5 e +/TE4 B+ 51 0T Ol o8 sl Ol ailasa
A i e ale alome gl T S 4 AW OT 58ka 5 acs 5,570 Y00 v 5l anflans o
A g Yoo 5VAA cdle 53 NDVI Lasls 585k Ol 3l eslizad b ale ol a2 5 45 eslial A
23\ 35 s Blis Juls 5 il YO OT 5Kk 5 ki 1000 5 AN G Jals ] Ol sl O s
Jelse (VAA =Y+ o) gl ass s s,lgl adsm STt S 2ol s o K0le Olige anlone gl i 4 8 L
ol b Olsn e sl s oo QLS Dlamin s 5 sk o310 5 (2w Cn b 4 RUSLE Jus Cilose
4 A in 5 SIS s (S ekl DLk Sanlo s s fls e a5 Y S
Sl V¥l s Olss s (Valaol)) Csl 0as 5 Ko an 55 ATCGIS sl Spatial Analyst 43l oS
Jsl os95 5> ST ol bl @@&L-“T@“‘id}l‘“\edﬁh bl dla s S s 5 s 2 (A)
bl s STyl Olsoe i a5 ,5T 0V /8F 0T ka5 soine Il s Jlea s o3 04/8Y G+ |

(Y JS8) caVy i b 3,5 5 Sl

53°46'20"E 53°51"10"E 53°56'0"E 53°45'0"E 53°51'0"E 53°57'0"E

z
£
5
2 s
b \
o
8 B - , £z
2
- - s
z i &
5 . . &
S : 3
0] B spdy gele S Jole =
@[ 00A-T b Fanla s Jate - £
- e &
= | Vaiue AN CJo-0109 A a
£ - High 1 2.29 N [7]0.199-0229 N :D
2 L 0228 -0249 ©
= P Low: 180 ¢ saormo  swo  saw  wam B0249-0319 | 0 50 fae e e
s e et e E0319-0309 it 0 WO,
o
£
53°44'0"E  53°48'0"E  63°52'0"E  53°56'0"E 53°45'0"E  53°49'0"E  63°53'0"E  53°57'0"E
g
g z
& =3
o~
3 1>
z o A N o
5| ikt 3
© H 5 S el
] -
g GM))‘," Jale (MA-Tore) alS Ldg Jole
P z
z -:] \ s A g
w4 Value ) Value N 3
& | W High - 250.41 o Hioh: 0508 g
e Low: D o taozme e wme wem Low: 081 lwiEO__sw  ome uwe ©
z
z 2
3 3
8 S 8
@ Sl ’

; & o A z
=z . } A A y - &
-] g § ) .‘-'J‘ ' 3
g > P
s 2 3
S| (A Yee) T Ve gl 3 (il z

X

z| . A B
2| vawe 3

e %
S| mm Hon:see o iusiam s e s »
S — T — T — S

Low: 0
53°41'0"E 53°44'30"E 53°48'0"E 53°51'30"E 53°55'0"E 53°58'30"E

(V8A*=Y+++) Jsloy93 ;5 RUSLE Jua ol ge ¥ IS

Ny


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

ombe b SOL g 2 8 Ol i 5L b S g g pels 8

23 04 o3lewl RUSLE duts 5l 5 (Yoo =YeYe) o3 090 o s)lsl ad e ST (20 b Ol S0l 0l

<6 (Rahimi & Mazbani, 2013) wz s <ol o555 ol > de cal Jals 23 8 1ol b gy ol
53 (P)Blim Jos s 5 (LS) oo 5 o Jsb () STl (s 2ol b o b Ol 8.8 s
w3 55,8 walg i (€) LS ity cynte s (R) Sl el s Jalse oyl L5 o0
p93 095 5> (R) Ol Sl Jole 25 a8 905 s Galad Olse o 1y Jolse ol s L3l Ol o
0593 > anlllanssa adlain (gl s 8 slaar s b plsil (Y aaily) o5 patld dsa 3 L 5 (Ve Ye=Yee)
el ¥ sl 3R 0L (Sl s bale palin alons (sl ol sliy lodaToses 08 51 528 (Kan 5
sl o83 4y i o 4 5551 VIVAY OT 5 800n 5 ol i Y/V 6 1/00 31 g3 0335 3 Jals (] Jlude
abaly Olea S (Yrer=¥eYe) o5 0593 55 (C) AL iy o e als aulows gl cnl s 1 S el
S0 Y cadl s NDVI Gasls o Kk Olpn Sl eslial b Jale ol a2 g ad oslizal (A adal,) Jsl o5
Gy Jgl 0593 4 Comed 5 Sl e /FAS 5 /RAD 095l o5 Jole ol Olspn dd ags Yo eoY oo o)
Sln el gl 053 4y Ced aslllans ysn ailate s LS iy 2alS ediasOlis poosn il S wxils 21
S 5l ol b 55 g 0533 43 315l ke ST Wl ol b o S0ls aabes T s g +/FYS il ol
e s 5 SYIYA Gl p93 Al Yo o)p0 oo ailae ol b Olsoe il ool \ sl Sleslial b 5 sl o0

(Y’J.(.L) sy Ol 1, il58l Ko, Jl 6,595 4 G &S AT s 4y V/VO QTO:@Q)@IW

§3°45'0"E  53°49'10"E  53°53'20"E 53°45'0"E  53°49'10"E  53°53'20"E >
z LS
=3 o
I ©
] ©
2
2 Z
°
'S
£ o
=3 ©
w4 2
o (FYeeeo¥e¥e) gl (Foislup Jole (Yooem¥eTe) LS gy Jalo -
~™ B
I < A [ . A &
| Value N 1Value N %
£ | M High : 207 High : 0494 o
s‘F’ P Low: 155 0 1.500 3,000 6,000 9,000 2o || T Low: 0.315 0 1625 3250 6,500 9,750 13,000
8
” z
z 3
g 8
8 ¥ 8
38 tYe s L} 'l._ %
U . - . - -
' j 2 ad o gl p Z
= I!' " | 1 _’_L - E:
£ Lo | 7 . i ye o
o s 15 pal o
21 ¢ 3
G| (Yere¥o¥) S a¥l Gialuyd (il A
N
Value
High : 63.38 z
0 1,200 2,400 4,800 7,200 9,600 o
= Low: 0 —-—— | N
o ©
I 53°42'0"E 63°45'10"E 53°48'20"E §3°51'30"E 53°54'40"E 53°57'50"E ©
©

($~~~—\‘~\‘~)r3> 0595 33 RUSLE Jus ol g o¥ S5

ARR


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

VYSAY e A EY e (%) VE: ) e gule b gla s

due b3yl V-1 F
e cplys ol ol oslazwl BLM Jus 5 = JIRUSLE Jus )l ol iolu b ais S &ds w0 gl 0
o d233k 5 saalia Gy bl Ll cn g end asta 68 Can Jalse Slad per e ol b Cons
o e Ko by o lre SN (S8 08 o sy 5l a5e S 238 5 s b5 5
GBI s 53 L OT (laesls 03,57 oy (sl (oo (il b 5 banl T g3 ¢ mbow (sl jlis oyl b il 5s
o5 tmalin b 5 annl e ailate o Sl ot Gase S8 s Jalge 51 plST L gy &S aulal b Ll
£ USE 3 BLM isy b e tale b s aiis s 8 el Jole Ja gode 35,0 3 bkl bl 5 5 5 g g0

Bl polastl s ) ab g Colua Jlas s Y8 5L ol b Cud aab il ol s il sl &)

= 53°45'0"E 53°48'0"E 53°51'0"E 53°54'0"E 53°57'0"E
g
b5l
o
5

=
=z 2
o ©
5 =
& (3}
3
el

z
z &
5 ©
© )
™ ™
o
o

Ladal z
= / 2
: . o
2 e il cad ; A
™ o
3 hlalble - s N
‘ PN —— Meters
0 1,500 3,000 6,000
B -

53°42'0"E 53°45'0'E 53°48'0"E 53°51'0"E 53°54'0'E 53°57'0"E

L;JL‘T L;L&ua;’-L_i 51 BLM ST b oT &u} olab &\kﬁ SIFWI RUSLE Jus coe s dlﬁj)‘ sl
&S 5l Ol S e sl et slia s A esliial (o ls e ges bl a2 ulul y MSE 3 MAE RMSE
AV i 5 e RUSLE Jua s Was Slay e 0 0ks 5 s glar K00 ot Slay o 5800 da (clae T

sl (oS Gl gyl el sy ki ol olis glyls V/AY 5 0 /48

213l &8 G b s Y-§
€dS sy s SS Elr s el ‘Ji-"’.' o Dlex sl essn 5o & Jar 55 e i SIS wax 5,
el $ 585 n 5 ey 5 Bla > sl o S sl Kor ¢ Ko sla S Juls 5 £35 093 5 sl
o s Ko cmlas 4 LS YOVEAY 5 axils 2l lSa 104+ /40 adllns jgn 4 gm 3 b Ko cmlis

B B JL’Z_{Q YOOVIAS 5 euis a3 o 9> U'i‘ Bl sl @ Jlﬁi&a YAYA/XS e Sl o L

ARI


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

e Ok g (Bl 8 Ol ks S

B S g g el S

oy pl (S bl Colas 4 S 018Y &l ST w3V Ll il 1l a1 e e

0395 93 35 319l b g Byl 61yl Ol jui ¥ J g

el okl BLS]

(Y~~~—Y~*~)r3: 0595 43

(\Q/\'—“"’)‘JJ‘OJJ.}))

2l ‘54-2)\;

\rAL/aY

f£YS/VA

\s¥V/av

a%/44

Y \E/AY

YSVY/SA

YEAA/TY

FAAA/SY

aV/Ys

S
m3 =)
s
T
s K

}JW&JUT&L&WL&MW;%U‘%J}'&‘Méudwj‘oémlbﬁjwdxg@dé

H.JJJd..:aMrbuldu@Lg\):bL{%%)JWoMwau@leobmlbMrtwlbgs_«.i).p

&ixﬁjdﬂwjbjédxg@wblﬁom4.;@5&\)‘64.2)[{4.&3&Jg.ijb..MTwékg'/ﬂ\3'/\?

53°44'0°E  53°46'0°E  53°4B'0'E  S3'S00'E  53°520°E  53'640'E  SITEGD'E

el s & £33 0093 52 &:.:):; d}«d):ﬂ et GLG"'

53°44°0E 53°46'1"'E 53480°E 53°50'0°E 53'520'E 53 84'0'E 53°56'0'E 53'560'E

(2000-2020)3 59 03¢ 31 5248

- A

SRyt NN N

Meters

£ — o —
0 1500 2000 6,000

36°44'0'N  36°45'30°N  36747'0°N_ 36748'30'N  36°50'0"N 38°51'30°N

S3"4X30"E 53°45'30'E 53°4730°E 53°40'30E 53751'30"E 5375330"E 53755307

(1990-2000)51 +,52 211 5 445

L S

sl gl
ey g 25se

J6P3LON A6°A4B0°N 36°38M0MN 367370N 36°300N

e
N
—-— s e— 0TS
0 1500 3.000 6,000

53°44'0'E 53°46'0"E 53748'0"E

53°50'0"E 53°52'0"E 53°54'0"E 53°56'0"E 53758’

2

(Yeoem¥eX)pasay5 5 (VAA=Yeee) Ugloyss 533050 adsm (ool ) Gla ail—b S

sﬂfﬂe@ﬁw-é

sy ele a3l i & amT daas g 1S 05 5 Ko i dho Sl b Jalse O3 <ol (23 L

sk & Sl 0L g Bl Dl e 5 (6 )8 Dl 5 e Sl Jsmel b eslanal 8l e 2oL b

S e i s 5 dsb oS gyl LG (Sanlad belss palie sy ol Slasl 4 gl
5 (VAT ) WY 0y 95 45 sl Sl S8 5l eslial b slsl s blim Sllee 5 oS ity
Olseas BLM Jus 5l oslial b OT &ds powd s RUSLE Jus 5l ol ais U550 i o (Y Y0=Y00)
oK) MSE 5 (llas sl 5, Ka) MAE (s Sl o 50k i) RMSE (slae,bT 5 (glotal_ia y3lis


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

VYSAY e A EY e (%) VE: ) e fol b gla fags

AYY 55 4 RUSLE Jus ¢l (bl laasls polie .cd s el ol (ol i gad bE s (ot Dol o
il b Olsan ol pl s 3 )ls LIS andllas 5550 s > (ol Jie Wsls Ol &S T s 40 V/OY 5 0 /A8
SVEE oss ol s el b eV o K0ke 5 dl s 1S s 5 08/5Y B 51 dless s s)lsl asem STt
25 VO 0T &k 5 Il 5o S 55 3 SYIFA G + 5 Olsn ) 55 33 0333 53 il Jl 53,188 s
(Sl Gl .23l Bl as g cpl pgs oy 53 ST 1ol 5 Ol plply (el s & dlo s S
Jomwin 1 T oty ¢ oLl 08 D Sl g o i O30 Lls s @ it o 8 e 5 (3,3 s
OlL,a s Weng 5 (YY) OLSaa s Moisa «(Y+Y¥) OLSaa 5 Gitima o iss 2l bl o) a3
ol s asllas syee Jalge 51 SG als cllas STa ialw i sl sl o€ Olaw S
VIVA 055 0555 53 5 Y0¥ dslo)93 5 (R) OLL Sanli (Kl a0 Sanl b lale 3is
S YIYA ST g VA 25,0 Bl il sl eysn 4o Jale ol pizees T &ws o M mmha~tha™ty ™!
b £3,05 33 033 3 S UL Ol oo A 51 0L oS Sl 039y ke YOV 5 1/00 5y 55 P33 0033 53
) 53 ool Sl G el s ap9d 093 ) Ohle Sanlwd fale o i s U5 o
«(Y+\A) Stathis 5 Stefanidis «(Y+\A) OI,\SKea 5 Teimouri a3 pb LS e sl Sl
ST il b oL j%u; Jole 28 28 L bl s e (Y0YF) OLea 5 Lins 5 (Y2 YY) Arkhi
OLEA 5V @ o] (ol pale s slas 3l eslial L NDVI el 2l sl s ls e STl 2olo b s 2k
C Jele 0 Rla bl ol ol s 1y (2818 85, Ul o553 4 Somad 133 0535 U3 (LS by Oln o 315
035 > A i Ol (1l a0l (ol & el s 4 +IFRY 3 00 sl 5+ /FOY Ul o5 ol
A sy a2 S plasil (YYY) OLISes 5 Saljugi w8 e fassy mls elol s ool g
sdizmw el b e Sl Ll aliE s slal e e AS ST 5,00 Solhl 4 e
ol Olsn &8 315 0L ol )l B8 15 Koo Jgmmmms om0 Sler iy a5 5 Sk o, 8L TM
Gl 31 (Ao sV JUSa YOVE/AY oo 55 5 asily 2alS (e ps\8) LUSa V040 /48 s ol s Kom
& oy adlare ol 51 (oY) LS YAYANFS K5 b 5l acmdoas o b Ko a0 s e
e B/8Y Ol s sl il zalS” wibate ] Bl ol Sl (e 2YY) JSa YOOV/AS 5 oais £l o)
aibia 53 ST ol b Eol5l Lo, a4 o Ok ol s &5 el Lol S Sn bls 4 55 (Aost /0 8)
(Y+YY) Arkhi 5 (Y+ YY) 0L Kea 5 Abiyat «((Y+YV) O, 5 Mayahi _za s 2B L g opl ol o
sl chlas Sl Bl BIE1 s Sl S e s A s el 36

P93 b Sy 0595 53 STt b Olsoe ol oas sl T Lol s a8 o aSTh 2oy ol s
AL i el sl asls 2150l ad e s (VA=Y ) gl Al oy 0,95 & Cogmd (Y1 Y0¥ o0n)
ok s hUoad LS s B Ll S s sl ke el ol ol e

- . o . " =z = =
NS D G35 5 e 2L 5 Uil 02 N5 Slelsabe uslaal 5 sl Sl ST (65U el

\y


http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

ol B g b s 2l g Ol ks S0 g SIS g g il S

S bl e ity s ST Slidss 55 Bl e Ol al 1 SU Sl b L;"*L; Sy s 2l

10.

11.

12.

13.

Al ST oLt 5 (S5 CoiS ik s ol S Ol

cb.o

Abiyat, M., Abiyat, M., & Abiyat, M. (2021). Investigation of Land-Use Changes and
their Impacts on Soil Erosion in Baghmalek Basin using Artificial Neural Network and
RUSLE Model. Journal of Environmental Studies, 47(1), 89-110. (In Persian).
https://doi.org/10.22059/jes.2021.324250.1008180

Ahmadabadi, A., & Seddighi Far, Z. (2016). Estimating the rate of erosion and sediment
production with the help of the revised global soil erosion equation (RUSLE) in
Hableroud watershed. Natural Geography Journal, 10(3), 83-103.(In Persian).
https://dorl.net/dor/20.1001.1.20085656.1396.10.37.6.7

Asadi, H., & Gorji, M. (2022). Challenges and Limitations of Soil and Land Resources
in Iran. Land Management Journal, 10(1), 111-134. (In  Persian).
https://doi.org/10.22092/Imj.2022.358760.309

Arkhi, S. (2022). Assessing effect of land use and rainfall changes on Soil Erosion and
Sediment Yield using RS and GIS (Case study: Lower part of llam Dam Watershed,
Iran). Quantitative geomorphology research.11(1).62-81. (In Persian).

Bayat R., Arabkhedri M., Behnam N., & Gerami Z. (2020). Performance evaluation of
EPM and MPSIAC Models for determination of Erosion Status of Shahriari Watershed.
Journal of Spatial Analysis Environmental Hazards, 7 (3) :1-16. (In Persian).

Chen, H., Zhang, X., Abla, M., L{, D., Yan, R., Ren, Q., ... & Yang, X. (2018). Effects
of vegetation and rainfall types on surface runoff and soil erosion on steep slopes on the
Loess Plateau, China. Catena, 170, 141-149.
https://doi.org/10.1016/j.catena.2018.06.006

Choupanian, A., Rezai, M., Mahdavi, R., & Nafarzadegan, A. R. (2023). Application of
Land Measurements for Detection the Climate Changes Impact on Vegetation Dynamics,
Kermanshah Province, Iran. Journal of Rangeland Science, 12 (1), 1617. https://doi.org/
10.22034/GMPJ.2021.289985.1279

Chupin, V., Dolgikh, G., Gusev, E., & Timoshina, G. (2022). Remote Sensing of
Infrasound Signals of the “Voice of the Sea” during the Evolution of Typhoons. Remote
Sensing, 14(24), 6289. https://doi.org/10.3390/rs14246289

Fatemi, S. B., & Rezaei, Y. (2016). Basics of remote sensing. Fifth Edition. Tehran:
Azadeh Publications. (In Persian).

Ganasri, B. P., & Ramesh, H. (2016). Assessment of soil erosion by RUSLE model using
remote sensing and GIS-A case study of Nethravathi Basin. Geoscience Frontiers, 7(6),
953-961. https://doi.org/10.1016/j.9sf.2015.10.007

Gitima, G., Teshome, M., Kassie, M., & Jakubus, M. (2023). Quantifying the impacts of
spatiotemporal land use and land cover changes on soil loss across agroecologies and
slope categories using GIS and RUSLE model in Zoa watershed, southwest Ethiopia.
Ecological Processes, 12(1), 24. https://doi.org/10.1186/s13717-023-00436-x

Habashi, Kh., Mohammadi, S., Karimzadeh, H., & Pourmanafi, S. (2018). Assessment
soil erotion risk in kohpayeh - segzi plain using Revised Universal Soil Loss Equation
(RSLE). Journal of Natural Environment Hazards,7(15) 161-178. (In Persian).
https://doi.org/10.22111/jneh.2017.3216

Kiyani, V., Alizade Shaabani, A., & Nazari Samani, A. (2014). Assessing the
Classification accuracy of LISS-I1I Sensor Image of IRS-P6 Satellite using Google

WA


https://doi.org/10.22059/jes.2021.324250.1008180
https://dorl.net/dor/20.1001.1.20085656.1396.10.37.6.7
https://doi.org/10.22092/lmj.2022.358760.309
https://doi.org/10.1016/j.catena.2018.06.006
https://doi.org/10.1016/j.catena.2018.06.006
https://doi.org/10.1016/j.catena.2018.06.006
https://doi.org/10.3390/rs14246289
https://doi.org/10.1016/j.gsf.2015.10.007
https://doi.org/10.1186/s13717-023-00436-x
https://doi.org/10.22111/jneh.2017.3216
http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

VYSAY e A EY e (%) VE: ) e fol b gla fags

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Earth'sDatabase to provide land coverage/ Land use maps (Case study: Taleghan
Watershed). Quarterly of Geographical Data, 23(90), 51-59. (In Persian).
https://doi.org/10.22131/sepehr.2014.12167

Khaledi Darvishan, A., Sadeghi, SHR., Homaee, M., & Arabkhedri M. (2021). Sediment
budgeting in laboratory plots under rainfall simulation. Watershed Management
Research Journal, 34(2), 15-31 (In Persian).
https://doi.org/10.22092/wmej.2020.123819.1164

Kumar, R., Deshmukh, B., & Kumar, A. (2022). Using Google Earth Engine and GIS for
basin scale soil erosion risk assessment: A case study of Chambal river basin, central
India. Journal of Earth System Science, 131(4), 228. https://doi.org/10.1007/s12040-022-
01977-z

Khosravi-Aghdam, K., Mumtaz, H., & Asadzadeh, F. (2018). Estimation of Soil
erodibility factor of USLE model and its relationship with landscape features in some
parts of Nazzlo-Chay basin, Iran. Journal of applied soil research,7(1), 31-43. (In
Persian).

Li, L., Wang, Y., & Liu, C. (2014). Effects of land use changes on soil erosion in a fast
developing area. International Journal of Environmental Science and Technology, 11(6),
1549-1562. https://doi.org/10.1007/s13762-013-0341-x

Mayahi, J., Eskandari dameneh, H., & Zarasvandi, A. (2021). Assessments Land Cover
change Effects on Soil Erosion Trend in Hoor al-Azim wetland, Southwestern of Iran.
Journal of Natural Environmental Hazards.10(27), 107-122. (In Persian).
https://doi.org/10.22111/jneh.2020.33269.1626

Ma, S., Wang, L. J., Wang, H. Y., Zhao, Y. G., & Jiang, J. (2023). Impacts of land
use/land cover and soil property changes on soil erosion in the black soil region, China.
Journal of Environmental Management, 328, 117024.
https://doi.org/10.1016/j.jenvman.2022.117024

Moisa, M. B., Babu, A., & Getahun, K. (2023). Integration of geospatial technologies
with RUSLE model for analysis of soil erosion in response to land use/land cover
dynamics: a case of Jere watershed, Western Ethiopia. Sustainable Water Resources
Management, 9(1), 13. https://doi.org/10.1007/s40899-022-00805-y

Ouyang, W., Wu, Y., Hao, Z., Zhang, Q., Bu, Q., & Gao, X. (2018). Combined impacts
of land use and soil property changes on soil erosion in a mollisol area under long-term
agricultural development. Science of the total environment, 2018(613), 798-809.
https://doi.org/10.1016/j.scitotenv.2017.09.173

Papaiordanidis, S., Gitas, I. Z., & Katagis, T. (2019). Soil erosion prediction using the
Revised Universal Soil Loss Equation (RUSLE) in Google Earth Engine (GEE) cloud-
based platform. broremens [Mousennozo uncmumyma um. BB JJokyuaesa, (100), 36-52.
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. https://doi.org/10.3389/ffgc.2023.1124677

Rahimi, Kh., & Mazbani, M. (2013). Evaluation of Sivand Basin Erosion by RUSLE
Model During 1998 to 2009. Environmental Erosion Research Journal, 3(1), 1-18. (In
Persian). http://dorl.net/dor/20.1001.1.22517812.1392.3.1.1.3

Renard K., Foster G., Weesies G., McCool D & Yoder D. (1997). Predicting soil erosion
by water: a guide to conservation planning with the Revised Universal Soil Loss
Equation RUSLE). US Department of Agriculture (Ed.). Agricultural Handbook. US
Department of Agriculture, Washington. 1-251.

Roy, D. P., Kovalskyy, V., Zhang, H. K., Vermote, E. F., Yan, L., Kumar, S. S., &
Egorov, A. (2016). Characterization of Landsat-7 to Landsat-8 reflective wavelength and

ARR


https://doi.org/10.22131/sepehr.2014.12167
https://doi.org/10.22092/wmej.2020.123819.1164
https://doi.org/10.1007/s12040-022-01977-z
https://doi.org/10.1007/s12040-022-01977-z
https://doi.org/10.1007/s13762-013-0341-x
https://doi.org/10.22111/jneh.2020.33269.1626
https://doi.org/10.1016/j.jenvman.2022.117024
https://doi.org/10.1007/s40899-022-00805-y
https://doi.org/10.1016/j.scitotenv.2017.09.173
https://doi.org/10.3389/ffgc.2023.1124677
http://dorl.net/dor/20.1001.1.22517812.1392.3.1.1.3
http://dx.doi.org/10.61186/jeer.14.1.102

[ DOI: 10.61186/jeer.14.1.102 ]

ol B g b s 2l g Ol ks S0 g SIS g g il S

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

normalized difference vegetation index continuity. Remote sensing of Environment, 185,
57-70. https://doi.org/10.1016/j.rse.2015.12.024

Saffari, A., Nouri, A & Karmi, J. (2018). Investigation about the influence of land-cover
and land use changes on soil erodibility potential, case study: Gharesou, Gorganrood.
Journal of Spatial Analysis Environmental hazards, 5(1), 83-96. (In Persian).
http://dx.doi.org/10.29252/jsaeh.5.1.83

Saljughy, M., Rezai , M & Esmaiilpoor, Y. (2022). Monitoring the Effect of Land Use
Change on Soil Erosion Process Using Satellite Data in the East of Hormozgan.
Environmental Erosion Research Journal, 12(4), 54-78. (In Persian).
http://dorl.net/dor/20.1001.1.22517812.1401.12.4.3.4

Sathiyamurthi, S., Ramya, M., Saravanan, S., & Subramani, T. (2023). Estimation of soil
erosion for a semi-urban watershed in Tamil Nadu, India using RUSLE and geospatial
techniques. Urban Climate, 48, 101424. https://doi.org/10.1016/j.uclim.2023.101424
Soltani, N., & Mohammadnejad, V. (2021). Efficiency of Google Earth Engine (GEE)
system in land use change assessment and predicting it using CA-Markov model (Case
study of Urmia plain). Journal of RS and GIS for Natural Resources, 12(3), 101-114.
https://dorl.net/dor/http://dorl.net/dor/20.1001.1.26767082.1400.12.3.6.1

Stefanidis, S., & Stathis, D. (2018). Effect of climate change on soil erosion in a
mountainous mediterranean catchment (Central Pindus, Greece). Water 10 (10), 14609.
https://doi.org/10.3390/w10101469

Teimouri, F., Bazrafshan, O., & Rafii-Sardoi, A. (2018). Assessment of Climate Change
and Land Use Change on Soil Erosion (Case study: Kondaran watershed). Ecohydrology
magazine, 6(2), 353-368. (In Persian). https://doi.org/10.22059/ije.2019.274886.1038
Wang, H., & Zhao, H. (2020). Dynamic changes of soil erosion in the taohe river basin
using the RUSLE model and google earth engine. Water, 12(5), 1293.
https://doi.org/10.3390/w12051293

Weng, X., Zhang, B., Zhu, J., Wang, D., & Qiu, J. (2023). Assessing Land Use and
Climate Change Impacts on Soil Erosion Caused by Water in China. Sustainability,
15(10), 7865. https://doi.org/10.3390/su15107865

Wischmeier, W.H., & Smith. D.D. (1978). Predicting rainfall erosion losses. A guide to
conservation planning. epartment of Agriculture, Science and Education Administration.
Handbook. 537, 1-58

Zerehi, F., & Rezai, M. (2022). Changes in sand dune expansion and wind surface cover
in deserts adjacent to wetland ecosystems. Journal of Environmental Erosion Research,
12 (1), 95- 112. http://dorl.net/dor/20.1001.1.22517812.1401.12.1.6.1

Zhao, J., Wang, Z., Dong, Y., Yang, Z & Govers, G. (2022). How soil erosion and runoff
are related to land use, topography and annual precipitation Insights from a meta-analysis
of erosion plots in China. Science of The Total Environment, 802, 149665.
https://doi.org/10.1016/j.scitotenv.2021.149665

\Y.


https://doi.org/10.1016/j.rse.2015.12.024
http://dx.doi.org/10.29252/jsaeh.5.1.83
http://dorl.net/dor/20.1001.1.22517812.1401.12.4.3.4
https://doi.org/10.1016/j.uclim.2023.101424
https://dorl.net/dor/http:/dorl.net/dor/20.1001.1.26767082.1400.12.3.6.1
https://doi.org/10.3390/w10101469
https://doi.org/10.22059/ije.2019.274886.1038
https://doi.org/10.3390/w12051293
https://doi.org/10.3390/su15107865
http://dorl.net/dor/20.1001.1.22517812.1401.12.1.6.1
https://doi.org/10.1016/j.scitotenv.2021.149665
http://dx.doi.org/10.61186/jeer.14.1.102
http://www.tcpdf.org

