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Figure 1. Country location of Zolachai watershed in Salmas city

5 by Cas (ool o) ass (SBoasd syt Ve
ARCGIS5.3 libley > dalllas 3y90 ddlaio coud adds
Sy B 0 oS s slaosly uiomad o Sud Ao
N38lay 50 oadbadey sladdds wb cudlyy Jaidee ddlais
cbais opl g Bus bas yiwy ads ARCGISS.3
ol 9 B)SHIE (il 390 FishNet jgiws b sy,
Slipog Jodo o 1) dae & JuSy o il 4 jgmn
Iy &y soadds ;| oass Fishnet asd aelsl jo by ol
sodls g b ooy iy Extract by Mask suwd L
sodly olyen & Slawsg Jod> 4o 1) oui Fishnet
as FLOM .))|9 9 sl uAu)JLo ol ‘_{Qu.lx)
@ Geyn svas 8w | Job gl g BaS gy
dilaie (59 dlael cpl aseis 3 g A 00l L slel &ygo
C8)5)1)8 snding 3y90 0ad S I8l i 3 adlllas 550

W gl sl OMow dxime bl Colgs 40 4

Jlos s 9 S Mo Jio drwg jglaied,
2 e slows adllas 350 ddlaio (gly O 0liSHl)
ool Cowddy ol bl Jolse ool il o a3 )5 s
Aoliyy dilo peddin Sladsd | wyp SO W o bl
Sl Sl Sl 5 woxie Jlo plojl Canyjlacce

A7) s3b e oo oo 5 ot
5 Rl sy s Sl (e Ll den > Lol
2l 5T 9 5l Wb lpde 9 Y otue ol 5l (58 ols
I St Sy o8 s Sl b (a5
2 el 23Y G slp 383 gy S 0ad S5 0)lge
5 Mo &) Culus 350 10 (0L Glalllas 31 glo Lo
5 390 3l Liomus glaoald 3l eolawl b jled 1 g)ly paids
999 3l o laodly .l sads pbsl GIS (sl
d‘o.)).'{.us odlésiwl ULP ).».sl).w » J.:.w » U)UQ: dl).g )l.h‘)
Sl esdy Jao aid pols iegh ol .l ouis


http://dx.doi.org/10.52547/jwmr.12.24.97
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.21.8
https://jwmr.sanru.ac.ir/article-1-1125-fa.html

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

[ DOR: 20.1001.1.22516174.1400.12.24.21.8 ]

[ DOI: 10.52547/jwmr.12.24.97 ]

Sl 125 g oljems g Siepsd

Voo wldlpe GleMbl giwm g im0y mas 4w | oalitnl b M dxiuws 3blie (g5l

223 o gl S o Ly (LB (6399 4l odd Juate
2 oMb Jb oz 0905 2 0 (S5 Pl el e
ol Db o pasudie NSl @b S 805k 1 49598 o
» JEsl o S leed plate Jas il glad S

s o rd

SB adsss
aeie SB I Gl g5 5k b adlasdge ailaie
S oadlas e ddaie SB g e B
dilate | Moyd £O 39 S ol .l (Torrifluvents)
FI0 sgis jbcud ol .l 03,8 kil 1) adllasdyge
2 gblie ool &8 w85y )5 ) Hlainyge adhaie ) oy
gl o Bl joul 4 06 Jled g Jlod slaciend
9 48,3y |y aoyd V+/Y 905 (Haplocambids) S5 4
ol Ol s il ooy > bl pl baas
Jad slocand » ity sl asp e o S
glyl e qig alple 8,518 adlas 390 bt

ol oadodly lis (V) JSb p0 S

Jowr (55l

S g0 s GBS

S 3y sl ae plsies eshas uae lasSed
dg>g0 (250 dL&vo)‘) uwl.wl 2 A»lyu.o FLEIWIN ul.w;l
om blyy By i Ghjeel Lol S el oy
Gy Neid oyl wlge wsl aslib leesl
WANN b, olol 5 (V) S5 43,8 a5 3 (g3l e
Cuol 00 03 sy Cldss b olatse | gyl lawy
A)

Sl sty o5l 05 | gy (s2lad Jols ANN
bas e slratwd 41y (63959 slrodly b uiiS o )8
63909 s 4Y aw L ANN (Jgems jobay S
@ dlay &Y Sl 0AB ST (295 9 ey slaaY
wmas b sk I Sy il @Ss S ol 5yl
4 et (Sladigy b (san Jgto 0¥ ) gy98 8 ol
bl bigy cpl 29de Jate ;03 (oas b ol
i amd o i 1y (g JUSiw yu8 &8ss S
aly buwg (298 Y ) dpge ac glasho
Dgas o 03 L (5l s 3 (M lawg g sdbculs
cras sbdobe 1 & Gjy clrisdgyg & iy G 2

&"2!'1 (?'A?V!

&'t‘(‘! Wre u‘!?’!!

Soll Wap

I Haplocambids
Torrifluvents
Sant Flats

B Recky land

T TORN

reN

I AT

2 ew

noe'n

£l

" $
-~
Lavew

B 0:50 w1 w

N elers

e et

@t wre ware

(YYaA ‘ol._fb)&i éu.d) ovledu oyl o L_gl%\/”' ).OUT 059> Sk d.m.oa =Y s
Figure 2. Soil map of Zolachai watershed in Salmas city

abie Sy 3 Jow SSng gl Jolse lp Jle
O sl b gl Jae I Job s ST 1 o]l
5l 8L DEM sy Lis DEM (g9 Jaw I dsiiws 3blio

el o0 03ly oyl (V) U

P ke o oS ble S lysa (Sl S ey

5 ol o8]y s 8T S Jelge ik
u)’hw REYWY: a]oL.o ‘)ig..) d).\a )] ...\.?)‘b gb‘a) oy
Sl ng cud Grimen g o5 W)l b 18T albsy,
g S (DEM) (o)) (og8) sbade itan (o5


http://dx.doi.org/10.52547/jwmr.12.24.97
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.21.8
https://jwmr.sanru.ac.ir/article-1-1125-fa.html

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

[ DOR: 20.1001.1.22516174.1400.12.24.21.8 ]

[ DOI: 10.52547/jwmr.12.24.97 ]

Sardle g g odljipms Ay Sinps

AR Voo Glias g 5mb IVF ojladd /p2d3led Jlo 35wl 09> cupide doliingyy
HM;W“ 61765850 sm.uu H.W.Zl:ﬂ
S :
H
§ Low: 06 §
] ]
5 :
4 4
] ]
! i
b 0510 0 % & [°
S —— 1
iIAéWSG méw m;ml sa.lo’zzn

(VY (85,055 ko) olals (i o (55 il 05 ol sogd) Jo 4 -V IS
Figure 3. Digital elevation model map of Zolachai watershed in Salmas city

pele slaaiels > Lol WS 0 W95 @ ol
dl}bw Adg> d‘]); i 4\:9l) .))9|).3 B o C) Ju.«;
ol ol NS ylaz & g 04 485 (2lB)) (098 S

Canl 0 03ly ol (¥) S5 50 oS ol

B ol S, 5 g i 4l e S
W adls &S cul pme ol cpl g e iy
P odele ol olple b b ol cepe 5 Uy,
S gladly 4> 81 (F) Cuol il s5edgyhm

GTA550% 655

5800164 8391438 802

36548334

SLOPE

o

1228
B 251418
[Cep-522
[lsse-18
Era-nge
B nss-14
B ros-218
| poASS

35.792757 36.044010 36.208475

35540808

36548338

36298475

T T
TA%0% 6950

e
°
3
3
8
1
8
]
£
s
F%e H
H
H 2
b4
o
0510 2 % & t
Km
SR PR P

WA (805,155 i) wlabio i o jusol 09> s adiis =¥ IS
Figure 4. Slope map of Salmas city watershedcity

el balS 5l Sy oS cusl 505 a5 DEM oy
Ol 38bes plcunl g S (Sjslo)ren la Shg
SloduSs ) g olie S0 Colin |y Jolo o
o o pidd €8> Car Gl car 4l Jol

oLy S Al
Jdb 4 YL I b iSe; e 1yl

Ko Y oyl cdlo ly amde &y Of (o0 e gezs
Jsbo 2 lp b caa L DEM ) iSaj ooy &Y


http://dx.doi.org/10.52547/jwmr.12.24.97
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.21.8
https://jwmr.sanru.ac.ir/article-1-1125-fa.html

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

[ DOR: 20.1001.1.22516174.1400.12.24.21.8 ]

[ DOI: 10.52547/jwmr.12.24.97 ]

St 25 g odlj s g oo

VoY wldlpe GleMbl giwm g im0y mas 4w | oalitnl b M dxiuws 3blie (g5l

polis gundib b ol 8 o obel Gy olpie aslal S eslid b gl gess b ese s
ool o 00ly L (0) JSKb 5o a8 5,8 edlawl Sy oby zeod @l b dwbre cund YU 0 b sy

E BINE B'ANE SIU0E EE'XNNVE e :
- i n 't - -

3 3
£ Flow Accumulation 8
= z
b b
R @
% g

win

. W B 2
b 5
&1 o
Y 3
g z
5

¥ i
» Low 0 3 a4

By 6 MR

. N
E &
B - : - et 14
b WHE O0E HITUE RAVE waoE &

(VYA (B0 sito) olobs (i e sleYo5 550l 0> i Ca 4 -0 JS
Figure 5. Map for the flow of Zolachai watershed in Salmas city

oS 3> olyen & 1y (o ynt Oy olime clie gblie b Sy ) b

Ol oy Gl il o oy S b lies by )0 e Jalse 58 (S LS £95 5 (S )8

Dby Cov WS e g oad ang 4 ol opSh @S5 L egSee daly Jow ggfy s OV oy

9 2l Dibg (Bl 2l Lidg dex jl e 2l boawglio ) jed o ladiely )5 ol )b oS s

el oad adS i pdldek gahw ) b (mej aw 9y b Cepe b (SR adlate

sl o 03ly L (F) US> syl (6,8 sla oS Jop o laisd)) 8l (608 sble | Sy s
Aulie > (548 2l 6 L slys 3l YL

aure oare IUVITI wre "'Wl

‘-.}*”

Land Usa
F R [ 4
i T A ey ;
Bl lap L

LR

i I i 5 Ty 3
d 2
° 2
" 2

I U™
<
¢
I MU

*
D429 13 27 W
N omeiers

L] oare WOVE ware WOTE

(YA (B8 rte) slakis s e (sl Yg5 sl 0o (3l)) (608 4 =5 IS
Figure 6. Land use map of Zolachai watershed in Salmas city
S gpbpass 1y (s sl e b odjle e 6 &b S plyisa sl J‘D)" g5 5l gl
mas 8Sus S (gilw e 5 Jsere oias ygy5 S &S sigmoid > Slae aSbol jl aiun oyt > !


http://dx.doi.org/10.52547/jwmr.12.24.97
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.21.8
https://jwmr.sanru.ac.ir/article-1-1125-fa.html

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

[ DOR: 20.1001.1.22516174.1400.12.24.21.8 ]

[ DOI: 10.52547/jwmr.12.24.97 ]

V¥

dlie il i e Sibe ol Bl ) odlizl
EY g VY E0 jlcwiy & pgd g Jol oY 53 gy
b oy B9y ANN (a0 o (sl bd oy VY
Sl ) lsebl coles 3 9 Jitus adgl Lulyd I g955
lad Bl hals wg) 518 )1,S5 aSed 3 Slas cp e
el (Sly (i litel g (Bjgel sladsgerme )3 @iy
@ ke lad Jils 4 ) LS oolinul dige
Ohsy e o35 ALl b cpl il Bgie (pye ()
3 lailits o) 0 sl MATLAB 3l 5 5 sl ciigs
alsyo 3 ANN & lgicas ol 4 dojl i o590
3 ool Sygo ) Ll WS o Jas 0l S3jol
5Sles paw o bis a4 pB (K claodly acgeme
oS IS w4 oo s eSSl 5ySole sl
izl Cand Sl Galesl g s Jluzel Ghjgel g oo
Eghan (gmas &b glajyall Slo) 9z 9 (Bisel sl
ooisel o el slas gl als o jd 045 oo edlal
s (gl (s el slos & ol b talS
(MLP) ¥z asly g8 jop W)lSS 5l (gume
8,5 5148 eolatwl 590 e Hl58le 5 4o Perceptron
ARC sy » OL‘“‘] doule (glp 4l (£39)5 sl iz
ly colSle Sl s ab Mol GIS 5.3
plsl 5 aed hjgel 5 ool (siloley) ()S pobio
oddodlitel Jaa (29 4 (liwd slp 55 2)90 B3l
sbjyahl Shles o @9p9 05 Sl
SBpegdy Jde gll)] cnd dlaxjl Jow oaiSlx)]
o 2 Bl @l g b cee b s
& el ol Log (eghae (mas &b jludse
(V Jsia) Wlordasete 11, 12, 13, 14, 15, 16 iy
obis | 3939 9 olety Y om Gy Jlal Slyess
O3y 2 &5 38 eaalis glgee (V Joi2) o edee
9 29y9 Y b oS o Jlal ol g Slas
slp o)l 292y (o8 Sl (11) el o (o
5 et ip Jolas 5 5l o e 11) s sl
ol G555 Jalse plo

) S o905

sloodls dsgeme 51 ANN (S0l Jolye (b S
oo s g u»)wf LS‘)-.’ (u,ch)] L;Lmo:‘b) alisee
aSs 3 Ses wyds slaodly 1 oolatwl b . eoliiwl Juo
oy wlin Glasuin b oy ol wd Sbj)l
8 edlizal 3p50 Juo Gijgel Jobo y> bl widgy 3jeel
ANN &5 555 cpl bodly ol Giolejl 55 pee dons 28,55
ol S lolis 1) ajeel alsje alie plie Cuuly
JoB b does 45 amd o s &y 1) ) I RY e aoes
ol e ol ) moiy I @YL gaw 5 ol
A g odd e ANN 4 odd (gilwduds 4l
Ll o 030> oLl e )3y

S 1y (G g 03ljigme dg Sinob

SIS by ol oad ooy LB Y ISS 0 4 L
g dgd oo dd)S i  cwl XN X1 gla 359
<wl (O) gop (29 JWew byr & Hobples
dwbe (V V) daly 35k 1O Goy99 (298 JiSKew
Dy 0
(v et
O = f (net) = f(Xi=, wjxi)

S lped pite b g oo S (JUS)) (sile b
Dy s Sy (639)9 9 39 Sy e plide Jganme
(¥ akly)

Net = wx = (wlx1) + (w2x2) + (wnxn)
ANN gla g oo
Sl oylisl Jlasl 59 5 LAY dlass a4y ANN (g)loso
S o s ) ANN 4S5 ) SleMbl ol > (pripen
P imen g (ke cwlie B S b
(V) cusl ANN (g5l S0 J] )8 30 sy
I dSize Jlasl aw L ANN (g)lane S5 Gimgsy ol )0
ol oalatwl (>gyn Y ()l Y90 639y 4V
Sl So ) sl 9y U b Jols (539)9 4Y .l
5 SB o2l @l (3B gl wwd el
ase> > Jelse ool J1 S e a5 (Sl sleedh
S Jold (298 AN ) 18 O Gop 53 Jlaidyge
4Y S e uL.uJ ]) 4\51&39) ub)> &S cwl A>|9 ULP
On odxe daly cays il gy Sl i
s egycnl Jl g odlital (295 5 (639)9 slo e
2959 o3l @L’.n i 4 $29)9 4y )0 29>g0 dL‘z’Qﬁ)Sj
o 3 ol oY o B b o lodls 35 St
kol slogss 5 ol sbay sl wsde iy
g iy lad g ialejl b el
Al el
On e om b b (ialS phjgal auld I e
bl y (g polie S b (ABly sboosly g (ouac 4
(V) ol eme iz o5 S
SaSed bawg duome )Ll (sl o5l (Jgone joboay
Jle K b o odlaiwl dlsye pl 0 eguae awas
Sy Gan slaodly Slgs o 3890 (Loiuas uwas 4D
a obiwd I G S e (62959 03 dsgazme SO
bug gl & 03 gt Lo Jhjael plosl g s Jols
I i U dgud 0 oslaswl S (mas S
S 5 ANN ijeel (gl a8 bl 1) odls dcgasme
N &S b s ool adllas oyl 5 N-N-1-5 co 3
Lmoﬁ)y’ Sl pevey) L B e UL»; 1) u\.e(u LY ‘_gbm)f
Db Ll )l cpia (vas SlaaSd oy Y 9 »
5 Digel el ) (ras 4SS glane el U
3 e Sl ol Ain> ais 3> inle]
Lo 5 b VP s 1B LSS L pley sloaY


http://dx.doi.org/10.52547/jwmr.12.24.97
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.21.8
https://jwmr.sanru.ac.ir/article-1-1125-fa.html

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

[ DOR: 20.1001.1.22516174.1400.12.24.21.8 ]

[ DOI: 10.52547/jwmr.12.24.97 ]

Segle [ g odlj s by Se 5

V¥ du‘Puh‘—)’UAW}ugw)Jwacw)lbbwlbumwébu Lg)L»M

(WA (B85S i) 59 bl (AH) oleis sasY (1) (63559 sloasY =Y Jgun
Table 1. Input layers (1), hidden layers (AH) Weights communication

o5 (1) i (12) =iyl (o) Jo (13) & (14) ol <o (15) 21 s
AH1 YY/OFYY Y — .Y Vo — <A YIY — ¥ - A—=YI¥
AH2 [FOSY -YA—- -Y/¥— -y \[§ — ¥ o — -y
AH3 =\/YY—Y¥ \e— ¥ Yy — ¥ ARRIN v/a— .y
AH4 - 4/50AN VA=Y YA — -y \Y =y A — -0
AH5 Y/0SEY a/y — -A v/ — ¥ ¥/ - ¥ VA=Y
AH6 YIAVYY -¥YN— -0 -0/a—-y YIA— -0 Y =¥
AH7 FIAVEN /AR -Y[A— ¥ YIA— A FIV— ¥
AH8 <Y VY — -0 YIA— <A oA — .Y VY — -0
AH9 — Y/YY¥N -\—-f Y/o— ¥ /Y — -y lo— -A
AH10 — YY/VEYY NN —q/f— .y YIY— Y=
AH11 +[5O¥Y VY= als — -y -Y/I¥— -0 YIY — ¥
AH12 AR VY= als — -y -Y/¥— -0 YIY — ¥
AH13 <\YVE Y= Vo= N \IY — -5 ERTAERA
AH14 a/sOvyY Y/o— 0 —o/Y— ¥ - N§— % VE— ¥
AH15 < [50¥) YIA— ) a/f — .y ARy - ¥/IA— Y
AH16 1N — -5 N — -5 VAR Y/A -¥a— .5

29 M odlatel Jow il duiie ly (MLP) &Y Jo 3 Sdos (U

8,5 )13 duwle y90 Lialesl g bjeel (claodls ywlul
L 8ly sloodls L MLP Juo s i zols (Y Jois)
2 Y JS8) 5 o bl 1y s el (R) s e
SSE, MSE, _uac S Jio a5 o L ol o5 Jb

Y Jods) B39 (652b (slas gyl ISy sboas RMSE

2o Gy b o gl il Jae cdy o)l
uubs)_# )J .CAM:‘ oJ..wuLuoy 9 u.u)w 9 R o.\ml.i;.,o
s (R?) s s Jols o) (i Jghise cpols
5 (MSE) @luye slos ke (SSE) luye o
Gy sl 015 030zl (RMSE) claye 5Sike (sllas
Xz gy (e 48wl Jae d Shas (ob5)l g ()

(VY 885,055 i) 4 (pga3ly b Ubjgel o 1 (pg sty s 4 (sl Jo 3Shos (25 5 dumlio =Y o>
Table 2. Comparison and evaluation of model performance for perceptron neural network during network training

and network testing

el los S Ghigel S gel
R? \
ESS AR oy — -y
MSE Yo — A Yo — A
RMSE Y/io— v Y/s — Y

(WA (GB8)I55 sxie) (6399 s yial)ly (sl Colus LT Jlows 5 525 ol - Joas

Table 3. Results of sensitivity analysis for input parameters

Sl ales ESS MSE RMSE R?
Cd Y/o¥ ofeeeNY -\yay <JAVA
)] (o0 Joe YIFY ofeeey -vavy SV
Sk VIAY ofeeelY VAN AN
Sby cas oy ofeee¥0 /¥¥YY - /A0
w2l el YINY feeelY < IYAYY +/AY



http://dx.doi.org/10.52547/jwmr.12.24.97
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.21.8
https://jwmr.sanru.ac.ir/article-1-1125-fa.html

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

[ DOR: 20.1001.1.22516174.1400.12.24.21.8 ]

[ DOI: 10.52547/jwmr.12.24.97 ]

ARIA

\E-. -

Sade 1hpj g olj s Sy Soysd
i 9 3l IVF o)les /omdjlgd Jlo 50l 055 o pte deliiimngh

61200 G100

3572000°N

Aol N
||[m|‘ R

f .

38°00°N

35A00"N

Flwhafamo

0510|120 30
Km

67200'E 6700'E

68"

0E E320E

(YYaA “’)lf.\.})lii é....o)u»l.olu Oliw s Yo )...'>u1 0j9> u)'t.w Axlune o.\,ﬁd)‘bw.a\ﬁa@ -V
Figure 7. Simulated flood prone area in Zolachai watershed of Salmas city
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Extended Abstract

Introduction and Objective: Today, the flood phenomenon is one of the most complex and
dangerous events that, more than other natural disasters, leads to human and financial losses and
destruction of agricultural lands in different parts of the world every year.

Material and Methods: Due to the flooding of Zolachai Watershed, Salmas County, it seems
necessary to study and simulate the risk of floods in this area. Therefore, in this study, a
combination of artificial perceptron neural network (MLP) and GIS has been used. First, the
effective parameters in simulating flood areas such as: slope layer, height, flow direction, soil
and land use were examined and these information layers were entered into GIS software. The
information layers were processed with the Fishnet command. And each layer became a
point.This data, along with the educational data received from Google Earth, was introduced to
the perceptron neural network.

Results: In the perceptron neural network, the input layers including 5 neurons and 16 nodes
entered the model and the results showed that the height has the lowest weight (R*=0.713) and
the highest weight related to the flow direction (R*=0.913) in simulating the Zolachai
Watershedflood., Is the city of Salmas.

Conclusion: It can be said that the combination of GIS and artificial neural network can be very
useful for modeling and simulating floods in different spatial environments to prevent and
reduce environmental hazards.

Keywords: Flood, Fishnee, Perceptron Artificial Neural Network, Salmas County, Zolachai
Watershed
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