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1- Artificial Neural Network

2- Geographic Information System


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-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.22516174.1400.12.24.12.9 ]

[ DOI: 10.52547/jwmr.12.24.147 ]

w4

Itz Wl aisly 235 ol (b 33 (o9
039 o> (sl 9 335 P b b’ (295 Bpme adg>
sl slo Mle slasiah ol g 3 2ol
il it SB il a5l olllae sl cas

(v Jss)

el bl etz Uy ol b o oM ag

Ve e buns) g ol /Y ojles [om3les Jlo 50l 0o o pte dolidiangh

buwgio Gos bl o md cely; o S ) (e300
b bges 5 yio Sl £v g Slllas slaatly S
Ero sl by Verr ()i Job L latalsy (Ll
g0 a Sl 50 5650 dleld 00,8 bl s Job pd
b obl Cow awywd b g bodls 5 (SoSume bl

Olrl s olpwjle gl g )3 4Bl jlil sl i 9 ((Sye S ) GWlae land (2l Cusdge -V JSS
Figure 1. Location of the study hillslpoes (rangelands) in Mazandaran province and Iran

Bl Sllllae gladioly j3 .0y3)5 (5505l (cusl 035
Oilo® g 250 sdalie (aw g Sledl ile
b o ol 50wl 48,55 48 dalllae 350 (sladal )l
(o ialop g lodl ggamme) ialojd e SOy
Slllas glaaaly pdow 10 ¢ puiead Caol Ayl Ojoo
(oS B s Jdgp i g (wliSE slassly e b
LSS glaisly b s (SB L) LwlisSls i
Shyegs sisly 9 (ol () slradd 3l )
2 g 3 G 9 048 e (Bl 03 45 (liwnsS)
OB (O (59530955 9 (lid (o) (ot 2y
SE pogase iy (rimen g (b 5 oo i) p3lie)
Ojg bawgte e 5 ab el owltSE oKL 5
ceSoyio 5 oy MY Slalllas aiely SB g palls oguase
Jlael b ol ® glis)| b alie (s | g S 3591,
WVl lolo Gl @yt S haw ) ogasie (g
W5 390y @peie )3 P ShS o p S

S9y 2 oMy Copgar (295 om Ol (B)b ]
bsbgle > @ celj g (e )8 b bath
@ b)) caa i plo Sl YL lep us
il pdlis 5 il ol b (Spie
(¥F) W5 e 3 Wl YL

SR sl U SB aiWlus ool yd p5lio 3,91
ol
S5 (g pra Bl Ve (ol b glagy Sl pole Baiod
S5 ) o] SB il yd SVl polie 3y8lp sl
Slyr FWlas 0390 )3 yieghS Sy (o0 ) jolar glatel>
& wb bl gildde Caas ileyd glacp ) yal
sghte 4 il SB Clogad 5 alS by
5 L;‘:""L“’)S Sl cuas Gos (SB ioluyd (00505l
Siel Sy g w38 ok (LpkesBle VW) SB
P Sllles asye > VR ol (Y JSS) w08
4 CandYl 5l atly s slazel 3 WAV Jlo 059,
3gd b g (o y® Jeoled Bl lyaiel Cond (ol Cew
3 Ol ol Ll il e Lol ol 0395 yi0 Ve
B Gide g BlSes » Ol 5 Gl us
Slade olad 3 il b (slb (A pgoty 3,8 ol
ey ZU b oy 5 o) cud (S Linloyd Gl
g 039 juiio oy (gpSoilul b ocud Jloy Juoled
JUSS () o) 4a5 5)50 sy § Clalllas B 4y St
Cdyyan polae WWAA olo (pdygsd 3 oy il I ax
0By omb b il Gl Bkl oy (eles 2 SB


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-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.22516174.1400.12.24.12.9 ]

[ DOI: 10.52547/jwmr.12.24.147 ]

el ool (oo 9 by ol b o oMo dig

VA* i (GIS) dlﬁ‘fo uLCMJo‘Wj(ANN) L;Cwuu.a.cdgw.u d)of)&.‘b e )IM Uol)l » Sk UL;L»)S 3)51)4

(48 oo (alulid e 5o)5 (g p) (8550 I e Alald (g9, aidly

bl ialoyd gy 3l g g -V JS

Figure 2. A view of the palced erosion pins on the rangeland hillslope (red cap for identification)

SUlF Gidng ol 9 ded e aBle AY S gy
Sui ges Jdo .(\‘(b) b 1y sy Pl >
weds Jlgy b (FF) ey, 9‘?‘~ aSud Y Mo g
ol SN odigyols 45s [ (PT) wily o e & L
Jate oam oY a4 ol clagygy Jol Y laedgyy &
295 wY 4 b aS e 3o ol cpl waw a5
@ Odewy Sl o &S Sl e ol 4 e 4 Ll
4 Jr g oM pustal )>] 4y d[mdb ool (S 9>

35 oo el (L8 sl (glayiy s

S odlkiwl b S a¥lw iulw,d 3,40y

mas
OY ol Y dw jl JSide eouns aac el
& Gl Y WS @iy 4Sed ) |y bodly o5 (939)9
BEEICNE - TR .(Yn\‘\‘\) sl awsh ol Y pas
Loy Gilwand sl MLP L e ¥z Gy 4500

A .(\“ wa“:) Sl 00 edlaw e iy EU
A @l Y i b S 9938 b 4Y s g e

iy Y lew 4y

Wy

oY L uas 4S5 Yl le -V S
Figure 3. Multi-layer network structure

9 4 Jgono yobo 4 b (hjgel W) LS ES > o
) (295 g (Jlste cdb) 0 4 oI glie 458
4 pgd hay oS adby L 40 e e pbl (slatud
olie (ol sl iy ol (FEFANY) oy o (o0 @l
9 el Yl G g e &5 Ngd LS NS &
STy 6 e (slsm 33,5 25390 el sz St
cupd by el b p &Sl e Sl
sl 0395 (MSE) s 3llae ;15 Laussie 5 (R)  Sowrod
by U g (o Bo) J 4D dinge S)lome s Sl
g s e (S o (glaSid wilisee (slayge)] plox]
Qe Srlore (e 3,5 QL ) 1) (2l o i
4 obows 4 Bieel I Gaa (V) d95 odlatl

ol wblisl 5 mas aSus ay L @)l oy

Sly Bodly wopy FO NAD ) dlwd dw 4 oald
Cross | o Cowo 41>).a d‘ﬁ. Loy Ve ‘()")9‘]
L ocud dspe gly dop YO 250 4 Validation
il oy 3l Awlie s SSE byl
I, g calsl JEsl a1 ookl (las g 05)
g s g (90il b copizman 3905 (e canlio 435 (lgins
L LM (53l iS5 iS5l S o S b))
Sl dlge xSl S plgisa Gl Sy
b sildie ) e slapls Sl (So aSud (Bgel 08
Sor Ml plen gBly 3 a5 3,5 o (AL nas 4SS
ol (295 5 Sle glaY » Gl Sl
gk S 3 9 48)S o3 395 claldl b by

1- Multi layer perceptron

2- Feed Forward

3- Propagation Training
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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

sk Sred g5 (Sig) 5ol (e
w05 A ofee
wJ,b .J¥ ofee

(sbizol) s IS5 -I50 ol
olS b g Aoy —+/Ad ol
o) ey —-/vY¥ e
Claw Jo > —/-¥ <\

O Aoy ALY ofes

B0 M (3l 9y SB AV ol d alie (53l e ly mas 45 (D90l s T Jgix
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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