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1- Artificial Neural Network

2- Geographic Information System
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1- Multi layer perceptron

2- Feed Forward

3- Propagation Training


http://dx.doi.org/10.52547/jwmr.12.24.147
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.12.9
https://jwmr.sanru.ac.ir/article-1-1100-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22516174.1400.12.24.12.9 ]

[ DOI: 10.52547/jwmr.12.24.147 |

AIAN

odlawl S islwyd (gildie slp olélas cleMb
5 Silwdwd gly abls lasd uae aSs 00 )8
g 0053by i albole leicds Sldlgs CleMbl piugw
oS Jelse Ll s 4B S IS ey sy e
5 ol by e Jalb Jae 53555 cslo el
boxe p SB Glogad g cud Job acud Glime oo
ehlop o VA Gy Qe oMbl .
3 sildde dmodld 3905 oS 5l L A 3590y Slalllas
aVlo polis (gilwdws Gua b wae &S o
ol 3 g Chpdy bl aSd pbjlusl b Cund g
(i o8y b Wl esd objlisl Ay as &S
Jalgd sl 1y osih y i il oldlse CleMbl giuww
Slp e &Sl edlatel (@i Gl Bas e
o ol bl 86 oo (gl SB lojd gloans
@ bl g Sl @y (o) (SEIS Cppon
Ol polie ilwdnd (gl as 4SS gy Hldle
Ol ccad S5 (a8 Jide Glie oy 4 5l
ol o) S S g ) el Job
FBIL 5 wad ans jo5de Joloe syt ey s
Gl G b e 00 0 00 ple JuSy U Sligsen
e ) Jobw aSs o)lil Cond e ass] u
b LSy 2l s ol bl d S s 5 5SS
ras &b lBley e )3 (gilwand gl Codgaze
Ssdg)g) b Sy opl slrodly .cuily salgs ol jon 1)
TP S gln S5 jsba &5 Claise 5 (Jue
oS lagme 4y 5 A5 4B )5 9,5 GIS Lo 5l 393 00
Al £ 50 b e &Sl b )3 CuiS 3)ly (ouac
d]).s S’ dul.w).‘) &Yl );.)LO.A 0D L;’L)L.».c‘ A
A5 35l il yd ool W86 ola e b la Sy oolod
)I Olaise o‘),o.{b L 63)51).3 S uwl.w).‘) ).s.)l.o.n g
il CleMbl pw e 4 (uac S b
i oldlas GleMbl pimw ds o cpl > i o)l
4\]::.»;]9.: Sk u,u;l.w).‘) ).:.)LQA JJ‘.QJL_;O LO.sI I) DAJ)‘.))J o
(lélys CusBge Laseis gy (SoS J,eLc) Slaize
& i Sl gt laculB 5 o b olen
Pad o) SBGhle (e ) 4Y ©)j50
Shalie SB iolwyd polie cpicren b &)l (e
olitwl Cnd g (giludre aulyd 3 a8 ouiSTy oy edjb
ol (gilwdend SB Jislu,d ooy &Y (g9) 29 0l
el duolis 34k 5l bt Cds g Coro Ul Sligsen
2355 306 g b)) Al ol g o (ildnd oo

i aib Sl SBGhled (e Y ales
S Sl S Yl Gisleyd (g digy A Oy
9 inlwyd el sodly jloolitwl b yobs gadss o
5 B | gjludens GIS o uas 4505 sl s
gy gl g 2b bl gy (daw 3 YU Jos Cas
(07) 45 1) (4) (S35 @50 (03

ol (Lol edess 5 Uy 2l yd o oMe g

Ve i) g b /VF oyl /omdjlgd Jlo sul 0jgn o pie dolitiangs

b dde (295 9 2909 O ballyy Slg & Cunl (lass
hb  cas ol ol &S] cdedy adoy daug
W8S B oy 2y90 (e
o 5l slooynd wleMbl Ll sass opl
oS B g (Hpe by gl 2o (IS ng slaaid
L 8lS ey slaaids jloslamwl b H8 (glasl jo s ags
sedlb 5 jaiS (obpasd lojle V:¥Oerr ldo
055y =)l Jae aid b Y Sldlss cleMbl i
Olie) i SS9 Jsb ud aid 5 (DEM)
sbay coly o S ans Sldlas slaaily (sl
JK5 (e Ghdgr gU deyd ol @ ye ) S
i ) Jgho 52 (sl (055 5 o o)
b 2oy Olise Jold (siladio g a5l (slacsdg)g
9 cud Job cwd lie wnd JSO (e Ghdg
L] dl).g ..\3]039{ (L)"" 9 s ‘P .Lo).)) Sk uL..o9.~a.’>
by by gU 22> dalllas dy50 (sladialy I S
S Olped 9 03,5 y9lp (Sl lallas 5 (IS
I gl ad w85 L > e Sud lagsdg)s
polie) &b (293 g (Uiale @ 3 Fge Jelse) bacsag)
295 5 (SB plalud ) Sge Jelss) (939)9 slaodls
NeuroSolutions e 3l laoce 4 (S jislu,é polho)
Sl o 9 hjeel lp oAb )y iladae sl
syl g5 g ol bl (e Sl S LK
3o oY) ol S35 5 ()l capnl 5l Jae & (39)9
9 JLO)J (FYSI) L\.u‘ (oS d\iuu} la.;.?u ey ool 39,9
oj9el (clodly tatwd dw 4y lodly w38 logs,
SSE objlael b cus glaosly § (v Cono slaoaly
Cae &S 0dgr Y gy odldiwl 350 aSS LIS
S5 iy JUE of Jolb 4Su gy 5l s
09y 3l die slas39)9 9 st (19 A e 553
g 5k Ul il (S dlte glaanS 5l (S e
).J.)LM L?L))] L c\gu.» u.:l)lf 9 AAA)‘_;Q |)>| wl.' d[hb.)l.)
5 S o o lanliio g (5350 ol dlie 5 s
DRI aSd DL oS g el S ol Ao <j>
Sad 2h bj)l g s g gesl Ubey b ecnlpliy e
)J'WLA 4»; oLl ;(_s.:l..\.bl.um )J.)Lao 9 04 Lg)L»M
S g Ghjgel Ay 93 534Sl LI 2Lyl cales 3 5
(V0) 23,5 2bj))
Y] oot 5 g oS S 5l
bl 3>
oS lie (ilodend )3 (Vb bl e 450
Sl S @ wls sl o Ll oyl lese gla el )by
2wl Codgazme gyl zo g0 om0 (KBS ogasds g
o § mas 4l el 34l ol Gdes


http://dx.doi.org/10.52547/jwmr.12.24.147
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.12.9
https://jwmr.sanru.ac.ir/article-1-1100-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22516174.1400.12.24.12.9 ]

[ DOI: 10.52547/jwmr.12.24.147 |

el olole lesasea 5 Ly 2la s (oM 15

VA [ (GIS) L_;il.aﬁ‘fb OleMb! (oass g (ANN) (Sguan uac 45\.»1 ‘_5)5)&[: e )‘M Uol)l » Sk Q».)LA)B ))Jx

15 00 (gjludasd polio b S 4Vlo Ltslp Slaslie
e sl plus dosl el a4l o als o
P oEghas hen S0 laghyy b ddde (owas
3 ol S ol s e slojia s (siloans
(FVOYF) sl oo mhe cumlio g dol )8 aSis S s

S S s g Ghjgel Sl Slillas s bl
xSl SESS S cilpl Jlisl g6 L MLP
Olalog plie gl (sl A b s 4 LM
Sildio (gly aps (slagdgyg i bl SB 4Vl
s JS5 oy by g5 dops Jel S ol d
Aidlbge Chao g ) 2o g b Job ccd Gl
Cuolie (£35)9 S laisdy SB il > opb doyd polio
ohelS cage ol g 0055 Cbwl (gildae anlp ol
S ol Wb (sildie w0l o asls Sl
pgly Cubls oS cusS Ll end objluel dgy 4
2 ol Bl 1y 00l 18l gl 186 > S ol poldo
Dtaluyd oolie s b Liel 4S5l ool b dlsyo 3
5 45,5 35l Slalllas dibaie o ele > S YL
o Lot gl GIS 5 e aSed clocalls plesl |
P 5 &l SBoaYle Gile,d polie ass B
SBaYlo ileg lie 4l () ojles S
b cads & cwl ond Gl Sldlas slaail
035 01 olylisl 45l by S Liluyd (5lodud
Al b gy AY S B GIS b oS
=l b)) Can e Gl odd &l SV il s
sodly 5l oss &l giglgsie Cdy 5 Coro 5 dlols
GIS iligran 50T Clld g tslud sl Slamlie
aVlo Lislwyd ylde (F) ojles JSb 50 .030,5 eolatl
2l coue bl caa e il by S
ooy 33,5 ildgsan alols S tlu b ais <o)
@ bype jho Loyl SB AVl Jhlep plie @l
CTRUEE i RT3
Jols b laplSe ) Ltboyd oyiSlis yalie 5 A5k e
O Lz 005 oo odmlie (o) cund Sl 5 g
SIS 81 o 35 o 5 s (sl by IS5 Loy
g Slgren 5T 1 edlizel b mls i)
Ol b AlE 69y 0 (SFlalie iaboyd yolie o (slo)lgale
omas 88w Sildie s Cdd g coro p YD S
90U Sloj 3 Glye yob Hdgaio b ecnlple 3l
elbasels b lalSe ST il b polie Job bl 8 |
D95 3yglp 1y Lol 256

S g b
dle g y0 saisS Jolis baas Sllllas dalels ids
Lo sl a35,0 4gS xSy g g Lol bjly
l). .Caua)] 039{ .'\4.0)‘) Voo U Ve o.a.f ).u.iuo u:.uu)y GU M).)
pladl Sldllas sladioly pdaw o aislu,d sy )'l).b’.;'.wl
Wl e s SBaYle (leyd polie dplp 4
c)Lb‘ )J.)LO.p @Lu U»Lw] p D .))51):. L}aﬁ) )9ho Lmu.u
YWE L e Sl ab p» SB ile,d ond 65
Mo (iman Cul 039 pide Jlo 3 @yeyie )3 )5 ok
AUF sgi Slllae aoh Job o SB islo,d buwsio
Jlo 2 )l 50 5 A L Jle 3 mpeyie p pSokS
i (Sed olpd G b Grizen D 3yl
g9 9 SB plle  See Jeloe JI S p Sl
Js.)b » U] CJLJ 9 AW Py Sk L)M)L»)S l) Lp‘a] 4]4)‘)
ooty ol A pSeke Sl oad &Y ojleds
Oiwigy Ol Sldllas glaaiely jd a8 cuwl () Slllao
Ol 2 8L Jelos cnnte cud S5 g (LS
B oS Cuwl S5 a4 a5Vl oy SB le)d
oS b (slaylSy g98g 9 039 ol dibaie ol )L
) wa) W casM.CA.g (\O) .)LB‘L;Q dl.o.»] )959,3 [NV
& Joo yrie (slacws oS ob i cad glisol el b
g CandYl Olow)y b adl iolw,d S oldl ab

(Vo) wBlioe pe (ialyd Jove e (slaced
5 09oil Wby xS MLP a8 yole (iios
iy JUEI @b ity Glaisgyg) aed aie )il dbs
) Sy (pas 4Sd (Bigel (2led gl A e (St
Sl () oylasd Jod> 0 SB Lislwd giladae ailys o
SaSed (o Couo g (higel Aloye 3 e oyl
L;{l’)lf 2 M| sl pline a0l ol oids &)l uac
Wl 53 (eghan i slaghy) b (mas ladsid
Dy dwled i oriwliel b cud daye 0 (g5lude
)bl b Cud o i Cono g ijeel Al ye 5l
dglio o Cdyly ol (00l Aty Jdo) 00d dige 4SS
Jodo )0 s dlsyo jd calises ware sladSis uls
mas &S dols wls olw! .l oads &1y ¥ 0)led
Ozed g oS sl yolie /AL ply Ry jlade L MLP
4SS e Slmlie polie g odds (gjlwduni )).)Lo.o Om Caly8
WYlo (halop palie (giluans ly LIS 3g) L
odlie po duwlio O 9 ¥ ojlous JISI 3 0l pu S


http://dx.doi.org/10.52547/jwmr.12.24.147
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.12.9
https://jwmr.sanru.ac.ir/article-1-1100-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22516174.1400.12.24.12.9 ]

[ DOI: 10.52547/jwmr.12.24.147 |

d)"l Q‘iJL‘" JLGM 9 U){ .)Lu:)é ‘U‘M‘é‘ A9

\av Ve i) g b /VF oyl /omdjlgd Jlo sul 0jgn o pie dolitiangs

Sildde gly (JB Uil ol &S ol )mhu) 99 (JB Olwyd ) e J‘:l?s) 5959 sodly 5l gl aoMs - Joi>
S aYlo Givke s olis

Table 1. Some samples of the inputs and output for the annual soil erosion modeling
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Table 2. Correlation coefficients between soil erosion and affecting factors in soil erosion
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Table 3. The results of training stage in soil erosion modeling on the rangeland hillslopes
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Table 4. The results of test stage in soil erosion modeling on the rangeland hillslopes
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Figure 4. Evaluation of ANN performance in simulating annual soil erosion rates (kg / m?) in test or validation stage
by comparing the simulated and observed rates
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Figure 5. Evaluation of ANN performance in simulating annual soil erosion rates (kg / m?) in test or validation stage
by comparing the simulated and observed rates
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Figure 6. Map of annual soil erosion rates fkg/mz) on the rangeland hillslopes resulting from a combination of ANN

results was also performed by overlapping the measured soil erosion values on
the map of annual soil erosion values estimated by the ANN
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Extended Abstract

Introduction and Objective: Soil erosion is one of the most important problems in natural
resources management, especially on the e rangeland hillslopes. Further, soil erosion estimation
using field measurement is expensive and time-consuming. Therefore, models can be efficient
tool for performing an exact estimation in a short time and a low cost. The aim f this study is to
present a methodology to estimate soil erosion on the rangeland hillslopes.

Material and Methods: In this study, the annual rates of soil erosion have been studied using
erosion pins on the rangeland hillslope in the of Kasilian watershed in Mazandaran Province.
Annual soil erosion rates were measured using 109 erosion pins (one year after the its
establishment) due to changes in soil surface and soil specific gravity. An artificial neural
network (ANN) was used in NeuroSolutions software. Soil erosion rates were as the model
output and the affecting factors of soil erosion were the inputs. The model inputs rangeland
cover percentage, land slope, slope length, slope shape (land curvature) and soil texture (sand,
clay and silt percentage). The modeling process was performed using the MLP network. All of
the data were separated into three classes included training (65% data), cross-validation (10%),
and test stage (25% data). The model was performed and optimized. Further, geographic
information system (GIS) was used for mapping soil erosion rates based on the simulated
erosion values.

Results: The results of the test stage proved the high performance of the ANN in estimating soil
erosion (Rsqr = 0.9). Further, statistical analysis using SPSS software and the optimum
structure of the network and sensitivity analysis showed that the most important factors of soil
erosion are vegetation cover, slope shape, land slope, slope length and soil characteristics,
respectively. Finally, the optimized network inputs were combined in a GIS environment with a
pixel size of ten meters, and annual soil erosion map was generated by coupling the capabilities
of ANN and GIS on the studied rangelands.

Conclusion: The proposed methodology can be used as an efficient and alternative method for
field measurements of soil erosion in the highlands with a high performance.

Keywords: Kasilian Watershed, MLP, Modeling, Soil erosion map
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