YY-AY sladxan NF-) )‘4@ AVY LSJLJ so)leds ) (g0 ko N0 g0y9d
10.22092/WMRJ.2021.354418.1407 :Jtuowd (sawliss

g guEs J/ " ?
S U/Q/;

SBJso b Jlol sl (e ol glaid gl Cad b (S0 (g jlurdnsd
(Bl SR g pluidy 152 aile

Adw b (a4

Olnl g pley oBails bl i 09,5 ((55)58, 50955 0l gl IS (ggmiiils
S e

Onl g pla oSty Ll 05,5 «535l8 0955 Jlolin F(Jgtne ouinssd)
Sl oK

Olnl g ply olKils dLdliiz 05,5 (555)8)50885 Lol

gmailac.ir@ms.ghorbaniava : Jgius sotiwg (sasblblys

Vo ol YA i by ol Ve Caigd)l VR bl o,

ouuS>

oy sle 6 50l Jow 90 b Jlals jusul 95U (slaise (e Of (slaaisgail cud )b i mg3 (ol 5o
Gloolx 0l a8 liws S sadhaie Ol &8 8 5l dilaie glaol> Sledlbl o Slubis dolay JKi> g oluc iy
A o (W00l 51 7Y ) i Ll 5 (Lools 517V ) (higel 09,5 90 s dolal (gogu b dblais 0 39240
olai K> Jow g olasiy oy paile Jow 4y 00isS cin s sl piis sloaiss of oo 4 Ss9e 09,5 slmosls
o505 2 leais gl g T b p g il (bigel 095 (slaodls Garl  Joo (sla e .aB03,S o)y
eyl g (jgel (Al e 50 50 5 S Jas gaain g g)lol (hgy b o Joe (ciutey S8 0l i

ol LAY obecety 155 crctlorsl 5 2 (AAVAY) olar Ko Joo cds a5 ol ylis based o (e

Gl ( Ll i Oledbl gaibobu (oo ST ¢ loli jusurl 1 guls 5l




)l el (e 5 O (gladid gl Cud b SIS (il -

@delre (grian S9p S 5 sladoe (VN Sees
oYY ooly ae YN L an 5 pl8) pile (5,500 4
9Sools 5 g el slaJoe YY) K2 5 (s9—wgo
(YA San 5 s S Y18 5, Kan 5 (6 pole o)
(T e 5 (m2) ikly o y0 9 umaib by,
ol

Oyl ganaib slagts, Sl platiiy o (eile Joe
Sr5ob sl p (Se 5598 5l i slo gl Goud
@il o gl slahs) alez I Jae cnlcel (Lol
033l Jodods a5 (Y10 o) cl cabo 118 6l yy g
S0l 9,5 sl 5 wga e sladiges b g )l
5 ool IS8 i g ple slaghy) 4 S 0l b
oS 15550) St oo 48,5 )5 4y 593 ) o 3 03 1S
S el labs, 3 S olas JSim (Vo)) S
83 b ools gl 5 (0 sl b Lapn )51 5
Voo el V99 S 5 Jou 13) 0.5 co 00 0l
SO Sl ey g oy 2 50 (SOl [ Joe
Ak 0 SHRdy (B0 Gy 90 (Ve -0 L)
Y NS GV R Bp- FPLEINY

2 iy ol glpaisguil cd b gagh ol
P M gy s S bl 355 0 l5b 5z
el ol (IS5 5 09,8 gy sloc—iss Jl5ls sz
Jade g oSt Do 1o 5l gy 5 ool slagise
Cdlasb pl o baglssul 515 aS ans oo s ciloy
g lhe VY olen 5 Jlndss) Cul 08,5 (55 iz
Sy o (i ] byl gatangy (VY ) Sen
s slaaiip ol eud b oS el ol S oo (Ses
3bj kol slaol ol Bl bl 5 055 4 p ez ol90 s
bl gk cnl sl Baa (VY Glesls 5 (oon> ) Sl
i 5 olasiiy o cmtle sla e TS csoglal 5,5
eoul sy ol glaasgul cod b Hlull o Solas

Sl lols

b9y 99150
39yt s ol (i (i 50 bl lsl soj9>
S FACVE EV g BVO VI YET LLdlae ok ol
(Sl YOOV YN YA 0N YO bl p,cs
Gogame IS Loy ol yliws S il 3,5 o
s bl yTkm? oV a8 oo km? VYAF _iags
cis bl el el css T km® VoY
U5 51/VA KM VYRS colas b ol g8 51 Mma-0g 3

() JS8) Cansl diilaie clocaiss Canuss

doddlo

wladibie ;0 O el oo g oo aio L5 5 odes
(I Sds )3 o gt (§ymsS 9 S dod g S
o jl baisgail ol 5lharwl caw)p) ol slaisgul
o3l sammeg g ay b s gladns 10 5 DB L iy
Ol & (8l 5 sl e 855 5 e slaely L s li>
1355 Corluno 51 TAD Ly 5 (Yo V8 _sbu) Cansl 00 o2l
eSilen sl Kb g K (S o sarldl L
ok OeSlee el o Lea YEVF 005 gVl 3
3992 53 Rl G0k 5 Sl fradlea AV S0 o (Sl
Slalal 35 Sk STy 5% Gl ol (ol ey S
SNHL (Y oV oolide) s cB 1SS by 9 S w0
Ve )5S Seiks ) LS e Vel Sk
I P 98300 sy |y 5988 gl SITVA Jio oo
2555 po— o 5o kS iy Of ghassul ) e
@rdan b (conjns ol lagiagsy (Ve A (s5) Conl
Ot est ) 2l GoaiS il Jad Cundg w) p aiile
(seoits 2l el Sl i s Sl 5250 5
Sl 5 0unl (0558 5 (i) 51 el (St
byl 5 0gu lp Ol slaaZguil Co poe g (55— 40l
(YW e 5 s lail) 05 oo plosl oaiy e lss0]
iy ol e sl memo 6 xSo e 50 P (sl
Loyl (e 2l oo 5 03 Syl el s
b gleadhie g0l )0 Cldbl (g5l cnlple ol
5 Pt ] Sl (S (i o gl ol b b
Gl gl AlidS (gans g0 10 .00 Cawdds |y 2y e ST
Clols s gl 085UsS lws Sgs, b (5L
el oo alol ol nl 8063 slocio ;o ey
3Rt s 3 (dnj 5 o Cadyb gy (o) alar
55 i gl 53 (Y oY oS 5 ol i)
S VoY o)) 0,5 50 (Yo V) )2 § (S
L) (o goj9> 9 (V217 (o g piie (2ld)) 52 3
bl 3 o) (VY (5o 5 (—alie)
SRl sladow sl s =So e s Foar sbbo S, Ly
Cosl (S (513810 5 Sl e (6 50 Sl 00l JLSs
ol s a8 ] (s T 5l o e e slsa o
SA—id gans dlax Jlla hg, 5l 00 i S Gl by o
3kl 5 sl (orae 4D b dejnj o] b b
(obal Kz g plaiiy oy eble iy Jlop
5| i 5 s sz oo s C5.0 oz 55l
TV ey ol VoV (o) g s2) 90
lsasT ¥ VA e 5 Sl SIS Y VY S g e

@

ATk
@ 3



- IF Y Je Y ol soylond ) g0,lowd SO (50,93

T E ¥ E ¥ PebawE  FAmweE FAeleep
N "
2 z
z ' =
8 i
& v 2
2
3
z :1
:
£
Fa :
z
Z[ e gy -
Hy IA. 2
Wey
z
= oy z
Z % Y Fa
27 Sjeel o Lol> 3
£ o uEileafsde wooow v
o oelaelog ) claels Fasls
T L L T
WOWSE WO E werE E  wa'E “ToE o

adbio o bdljrer CarBao ) S

SHLaol slhanl s sl oo ele 5 g ol ey
s sl Tols, 3585 sl clio Ll g lagsl
el 55 3

elas )l s08, Jow l adlate glas )| (gals o)y 9 anS Sl
oy sl ST 5 p 55 50 (e VY S a8 )
Sl 5o 99 Sl 30 ey U g Lol ol a8 S
ST b 55 a3 e aile 5 8,18 o (glacyes;
2 iy 2 Sl (oS e ol 5 S o0 )8
5 35 Sl e pite JSb el aw el slale i
g 5l Lol (Gl (g 5 45 Sl o)l Qoo JSt
oy (e VY SS& 0 )a8 L) gl )| (go98) Jowe 5l (e
Lowl &b e b lslis—= SO IRl 5 0 gt i85
o s | Ceand o gl S 0l st o s 405
52l Ol S &5 > oSSk g boe o |
Lol s (595 500 Dlge

o585 Joo | dilais o (GALE g2 5 08l a0y sl
8le 59 g ai8)S o pn (e VY SSi5 0 ja3 ) gl
s Sz S A o 1 i b lsl o )
ot Sz ke Coul (o) gl ol At S
Jlo—is g 4 ;5 Ysoro g el piio a0 YY U e
RS PP Or (Brb og (B (Srb Jled
5 0%l ey 6lp 958 o0 sl s 5 )8 Jlod
Oy L) 5] oegd) Joe ddlare ol Sz SALE (o) 2
olyie b lsliazr Sl 5o 5 4.5 00 (520 VY SSE
8 4 (Aspect) Lo

o5 Y g 5l alols (Galdl sy g 055 ey sl
03,54 ulgT iz ST o alols aib 5 dilare clasy,

8 i godls olfly) b 5 ailare glooly e Coprbga
oSl gailel s 4y g (hass,S bl ydilaie
05,5 9 4 (ke (o 4 baolz B ooy Ll e
oty (0015 7Y +) i Lzl 5 (ools 7Y +) g_s—*:‘}ﬁﬁi
3o slp (igel 09,5 3l egilunnd anl B 0 w00 S
T lisl 09,5 355 00 48,5 0500 o] (g ilsait 5 Joe
Slan Joe 280 s (sl 5 05009 554 Jaa 2l
cds oLl Al e 10 (silwand sbvasl el Cuvsdy
Pelge 485 A Sy

53 (oS Gy (sl piie) JEs sl piie slaeY
ol St ot b 4y ol oSl cailals
Pl Ve oo b (lid e s |
S glodads gaidi .o b ags U""Lﬂu‘? J;‘ S58le 5
A SE lagiagn sal » (V0 Gulode)
A 4 (lws 5 bl (55)5leS sl (50,1

)15 ey s sloaY (s pdydsdi p ook b S
55 ald &5 gaid 5 (G Cugh) (a3l ganEs
ke g el I e ass Wl Lo g
oty Je sl 0s e il (LACT gutly sy
) et ol 4 plsliz Blow 38l 5 po elis)
Sl et b o 5536 sladale on foaeal 1yl s
ol juzol

G gaids G Sdlel garly 2 eey S Ga—iE
bl (5,5 slez (go,lol SIS Sledlbl olKL) 4290
45 b aiainb g 035l Wy (gilwsagd) 9 (Qbwd S
S 5]l ax dilate 5l (23w 8 605 e e (LA
I byl (gt sangs slp T A1 s slo ale

e . . 3 ).‘

AT
@ Q

@




e I35 8l G 0 O (sladid gl Cud b (S gl -

)l 9y LthoO‘.)) OHGA FUEVARN S )L»S w)yo] Lgl.@ob‘b
(S

e slad as o by gasmiul el w Jolay K> Jow
sloosay wile) oy loosy ko 5 a2 s,
B e e
Jie sloyrito Coonl (g0l (b sloonsy S
IS g S Bhas g cage I al WS e |,
serb sloonyay 5 e (slo Jale (o slaalad i
Dy s

o g, ROC) o.ﬁﬁf LSL“J"L" Shax e Sous
9 2k sladilols (o ey § (ASES CuhsS s Sl
o bl glaas s ol o 4y (g, cpl .l Jlozs!
Skr sy il )l oS 5 ologed 2y 4
sbojlail ga b (S ol e LS is slaalais
@ s iy 15 (SP) (559 3 (S) Cowlu Lxo 90
Cesld) 09: SP ()] go908 j3me 9 S (] B jgme a5y b
Sdastin 6L®GD¢A ) 6‘):’ 6)u| L;Lm)|}é|'a).3 AERY4
odegd JSo a4y Wosls my g5 a5 0,8 (ulboni S sla Jole
Sl 658 g Cote @l sl (S e @8 99 ()
Wpee Sal; cels LA O9) sl (e gl
Ovy Gralads gden 4y b e ol Gou b g, gixie a5
KU PR VRS TRPS V IPPRET SO UIE v ILAIW X OV
W (oS PS4 000 5 slo ole gaa i cvie
srahis gaon lyp cowlis b _ugle Jade gy
Joe s 0,5 Jes (godumalid o il 3 SGo3 ) 4 ax o
el iy ol Sdil i 5

b +/0) s slodids a4 Jow 80 asl b cpl gl
s L AL V) g IV B+ [F) lagin (/5
ool b oo pr—udi (VG ¢ /) Je g (+/A L +/A)
9,050 Jows) sl Bolas o3l goasmaylias + /) 5l 5S
a3 5oy Ol gy nl 3 S RO 370 Jlgs
WS 0 gl 1) o 0,5 Jes (shasiin Joie WilgT oo A
sl g5 was plxil ) oo w5l sladule
S et 1y T e

Ghar_in Sotin paw ) 5 oal Gpggis 5l S
)’| o.).oTCA_mbd.g Sloosls EIF )y o.&.’aﬁf duJaLc
salEge > b )] saunlie S50 ol Sl gaiis

A Al 4l cpl 40 09, (0 5 SG0 3 5l dlad o galold
by o ile pb 4y & s b (6 ,.50L slaailel
©lad) 0,8 s o aS cunl LS 6“&5}5‘;&3”9
)0 (G

Syl 53,565 Jeol 3l ity oy iile Joo
385 (o0 Soxe Silwded lb (59505 sl asli
Gloaslly ) pleiiy Sl edle Jae aldS Jlo vz
SLas,) col il wlio gl O sloaisgusl s5L4S
sl siged 3l Joao (Y10 e ,S Canigd
60,5 Jes aidS sla Jlow yo a5 el sualsy, Lo,
oaSl dlox 1 p—dion o Jae 4 Cod Jle Lo
@il loi iy by e ble ganail 55 sal
2ol oMbl Jas sunaid (o .ol Sledbl s
Q]@Qwhfoj_&w)f)ﬁ)asbéﬁc_dwﬂ
QP sla Jow b oMbl e bas 8L sl 5ol
@ gl jo oadaslil sla Jow 3l ciou a5 wgd oo ploxl
Ll oo sgame slaadoles

Ordle Joo aScnl b alal) ) oo (33 S e 5l 1oy
lyob) Sauzen b gledlblas o sl ai_sls |, Sblgs ]
boslail b s 4 phl &b b oledbl S ganaa b
‘_.;)..f)lfa\.‘ Lv (\‘\‘\Y) s&..adj 09_».:‘5‘0 00 p ).su,u...l )L._ma
Gl 5 Sphd slalaze 1 (90 @ )b ol medy
X 699,59 4000 0,5 0)ls b aS o 5 alil e byl
Dg—doo Jie o) o b ae 4 (a3l olral> S
Dysl Cesd w1y 3,0 o ol saze s lase oyl 4o
Gl S ST a S wishy i IS g St
aS o,lo 1y lad el oS am Lo (69955 e o o
oo b o, de e 1o 9y b G
A aals o5 Loy Sl wbee sl ol o 0g—d a il
(A0 S 5 5595

oS0 goole Jaw gad, iy b Solar s o
S5 s &3 bagygeben Joo ol )3 el (655 e
Gl 5 098 g0 00ld JSis Sledbl ol g a5 (sl
G yxie yjs b 0 saen o Lo e Jlade 1Sl
P9l s

P s0 il slas (386 2l Crge 3 ol )]
a5 Cl ol Bolas K> o sla obls 5l Koo S0
093l 9 et <80 byl sl ooy 3l golaws

@

ATk
@ 3



- 1F+ Y e IYF ol o,lod ) (50 ,lows KO (50,93

Coln oy o d (gaidi b (C59) Ll g g 280
s 2l Gl iy 505 a3 33y S5 s
Ol (7S &5 (@5 e sl 0bj o dibate (] 53
30 i sl i ] 10%/A QT CRRAO 9 /e
@9 slagisy ;0 0k slaced (Jy ilais 35 50 g Jlod
G 0 b S sladib o Cul (08 0
Cobas (n Pt Sl 3bj adhie 08 0o g 29
Dol s gz gralil Lol Lz o sak b o dihaie
Caghy (9,50, welyg> 59 (85 o3l o (gok;
i) 45t s S iy Sl 5 S
Galold Canl oals Corge a5 G dlato (o oo WS
Al ol e B o8 (o slagl 2 L g 5l alais o
3log e FIAQ 9]u_>).‘u.....>5v dq, 3l alold u—’fr"{
2 035535 olyel (S ol Ll sy, 45 L)
e it Gl il (o Ol slaais g
il ol ol (S o] b b SlSe
Y S o placti s il Joe 5l sdeliussay gasds
93 8 el oad ools i ¥ S o Bolas K> Joe g
sbadguil s b o ool Sl s aS ol lis Jows
G Jlake 4 oo sy (0 s dihaie o)) ol
el ity gt 5 2l byl | 4 03 nalai
Jlatol el + a Syo5 lnalai gode e a5 ol
Sl Sl o5 Gminy ol glaas il cod b g
2 iy 2l Sed b o (e 90 8 sleanss
705 it et 555 i 5] ol 4D
@ P 9 (Brb 2 e slagidu 3 sl
L nailaie s oer Juzo b ioles S Jie o
Gy @l K5 0y pamia |y (gominy ol codyb

Sl (4) 01359, 955 5 (V) Slo(sg, slodss (gacgoza

IS5 g amiylsl s hjsal 09,8 slacle IS cpadsa
3,5 Log,S g0 cplaS byl 5l oo solo oyl )
./.\ﬂ‘ ‘57L._M>)LM.C‘ 09; 9 LQO»)‘O /V’ uw)}ai os)j .O)L)
ol 00 JAL..: ‘) oolo

85 (g Sl S0 (gt ) Sl 2 48 Jie poiiie &
5 Holal Sz sladue ;o s pFose lp o] et g
S 2zl YA (Y D) s g 3 by o cpile
S5l dadbaie ul 10 808 ey o ol el g o, S
loled Py il g o 3l SB g9 g0 oulisS>
el 00l oS5 Ko s yg 0 5l ddlaie 8L 0l
How sl S (gadl ddlaie (] 1o ool 0 5 i
e YVE B VF 5l dilate gaidy sy Susb ) a3l og
Sl Lol 018 (6505 oy a5 i 3l oo jisn )0 09
Loy | (o Sl adgs )0 eaiiSeS L) cws YU
el e gl Sy Sagb) (Pl S
e @ o it adlaie )3 (e )5 skl 2t
Colas £l 5 (55,9laS (S9Sums (a0 5 295 9 gt
S skl ;0 Colus (p 55 g (r POt $5y9laS
..)9.3

Wl 2o VYA (RPN 9 S Ve gl op 50S
b Jole opl.cwl gauly sy o ol gaials S oLo oS
ashie IS o Fho ca—idi opyoal p ol (Ses
(s gdinb w4 dihie ol e glassl oS )

oo = )
@fﬂ% J @ﬁﬁ%
@ 9

@




B e 350 5 o a9l b o sl

o v 08 Moy OB vy
it B % v 0% ovav B oitn
o2 o2 98 ovg OF o2
02 i @B Edav OB Juer OB oMq (Y TRIVM
oL x50 OB tx OB Juzrdi O reer @ TRa
of e @8 i OB x»v OB Py OB TRum
“ Ebv “ JUavt “ Kfsh “ Plms

. |i" leb s (TR ¢ |$ -




ATIE AT AT ATAE AT0E A00L 100K

IEWON

z
s
Z &
5 &
5
£
i [£ |
= ]
5 }
\
|
|
z
£ |
2 |
%

300N

47°100"E 4T200°E ATI0E 47400 ATS00E 48°00E A100E

oy 10y criile Joo b (Fuoj ) ST (slaais guil cod b gaids —F Sl

4100 aT200°E ATB00E ATA00"E A7S00"E 00E AW0E
ri il 1 1 1 L

T
ISINON

38300°N

T
350200°N

380200°N

281007N
T
2810078

T

38007

. High: 1
— — K
-, "

W0E e0E ae0E a0 s awveE a0E

3500°N

(Bola o Jowo b (b ) O (sboais guil cod )b gaids —F b

iy 2l el il sl gl sl Sy e Uiy samlp s ()] slsan
@ baw ga0S ml) gauaab gal pcul joulo oles 0 IS ;o R j158le 5 b oo targs (g0 18 oS Joe
5 Pt 283) (e Jaw 90,0 o1 de Jow o i 5 (LANF) «[AAY Bolas S Jaw &8s . wloads ool




)55 el (e 5 O (gladid gl Cud b SIS (gLt -

1.0

0.9

o =
0 o
4
4

()

e
©

nd o
o ~

e e e S Sefih aa
Sensitivity
o
w

Sensitivity
o o
= w

e
W

........... _ 0.3

0.2

0.1

0'%‘0 0.1 012 03 04 05 06 07 08 09 10 O“%.O 01 02 03 04 05 06 07 08 09 10
1 - Specificity 1 - Specificity

(@) sl 1 2 rlilo Joko 9 () (FBolad S Joko goi S 3,5 Jos (Shg sl (Somo -0 S
o @ Gy sbhalols (g, b dilaie pl (F JSb) 0l e—ile 5l s Bolar Ko Jaw cds a5 L_.?QT 3!
Godid oy (Jus g 0l ddawgio (o o5 L saib ais gl cud b gandigy ga—id we bl oy

A g Solar S Joe gleazs galp e Ol

FYot e FYov. FYora g FYoF.t FYone g FA FACNtE

ra’r' "N

racr. N

ra°r' "N

raer N

oo N

rae)t N

8% N

(Bolal Koz Joo aly o 35 T (soais gl o Jb gussalinb e -F S

s Lzl 5 ey oo ey S (gt gy Cashy ey ol e b s ams sladele 3T g0l
Cabsb 53 8l 0 58 lea S ladele ag gt JS) at bl (S olas JKex Jo sl
e sy Jole gaon cils egp of sloasgal el ) Sl o St elis S sloa fsle (Y
2059 SleMbl ale yo 5 il &S Lt (g3lwad yo Salold ol 51 e g ccils adlaie SR ol glaaiz gl
abiis o 0 iy ol Cdib o s ol Juo b plules SIS ele criege 5 (o ey £ 5 3,

Dgh Swibe el ccud Sy dea I e laele (S Cucal

J o= & &
@ @fy%ﬂ@ﬁ@ﬁ%




- 1F+ Y e IYF ol o,lod ) (50 ,lows KO (50,93

70

60

30

40

30

Cond] duoys
|

3
%
?"%

52 %
2
_§y 9

g -
> g

»

A

8l (Som e sleJele

01y 2l b b GoulS (i sl Cuenl s yo -V S

ol Gloasgusl e b b ol oo S o in
GaxtS )0 (GXwdg—w ,lpl e wl S 5io)|¢ 035
Al e ol cod,b ganss

ol S i aS ols Lis sty ol sloass
6;0]@ ‘U"‘J’L‘) Lond QSM)))) u] LgL{b:\.».DjJ.J‘ M..‘BJ.E
Coxdg jl S Gledbl o asls Olgzel Co pae g 4
G 55 el ey o laais gl o s b
Slelr @55 5 lcmmal jl5 6 pSo3luil 5 (il lacly
u—‘ le.bd..}j..b‘ wﬁ)Ja lebd_mﬁ.: Lsd"l))" ..\Jla kS)bJ'.'o)'QA.
235 12l g (b (e

b S sladsle (hagy ol slaasdlh el p
0yl ey ol slaisguil cud il 1) 5B Bt
Sl Ty G0aS s it K sl ol a5 >
9 u\b;o).oé PRI u.m.: o)‘}oﬁ ‘v_u‘—u‘ﬁmi M
22 635 )l (SILS 3l (e Ol ol S >
U155 65515 ooy (oalid S slasxly (le
OLas (gej )y 2l (BS993 )50 235 (6l (5 F A
slaasgail by cud b Lol gla Jds 5l ol g el ools
ol sl g ) 5 635 0 SRR o (i) <
SR e e (el S slaJole o aidly
o0 glaasil Ly el ey T byl (o i
OIS 5 (V7)) oSen 5 (2xd aloz 1 015 gy

g odlive o)) ol shazguil cus )b s 6l

S 35 A g Cxy
b sl gl (n 505l 5l (Ge ) S slaais gl
dw g o) sl gar g o aS caul s S Ll
Sz s oleiiy oy i) (Ble 6 20k Joa 93
A8 03 (i 0P U5 (e sl e g (ol
i) ol gladis gl cod il o sleatds cdo
Jo g plasiin Jlop cile slaow 5l el cwsas
5 S sl Lol il ol 5 ool o b (S0l
S Joe s 0 ope (geein) @l 005 Gpyelin
Glrazii b aS g olatdy Sl dle 5l S (ol
olar S Jaw o)l callas (YY) o)) Sen g oo
5055 Sl 6 el S350 Solide sl S enl Js @
olid 5 6ol jlas Ulss 0,.5 oo 0 0 Wools Jodo
ey D0 3, S o i g b psie )l slaala
olar K Jas a5 wio ) b3l (Y1 9) o )5
T sloosls Jolow a2 (gl (omslio (sld Wil o0
S g Ol ) e le Joe a5 ol 3 e 0
Las]M uL.o LgL(bAJag\) SJLM;LM 6‘]:’ T)lf GL@JM )"
Ohbes 5 J gy ol osizmy (oamb slaony 5o
B plac iy oy e dle Jow aS sls L5 (Y- VA)

AT
@ 9

@




)55 8l G 1 (Sladid gl Cud b S (gl -

oS Wl adiee G Rangh 5l (S az STo Bl s
Jedo e a4 g ol o5 b 80 10 () o oS
Sbole Jiagh @ B 5l o) ol cud )b Wl o
o Jule a5 u’_nliLh as ol s (YY) o), o
Slr Joe (Soapte 88 el o0 B gile A Sl e
IRCLYP &yl S0y ol slasgull @bu.,.e)la
O )Ser g oloole laaidly 55 ragh onl slsax
..\.ZSL,;A b l) -\Y)

ol gl guil cod )b SIS Julovay o5 )0 cod Cuz
Ul a5 aisS 4 il ()3 g Sl B S
i n) 2l slasgail e b ol cox o slagisy
GBS 3 ;S S (2 LU S9— P e
b Jlod ool cuzr oS plagin ool Jlols 6355
oo a5 o)y g celie (BLS i Ysess o)l ()8
o Sz (nl 3 S 50 it Cush) il &S5
5 Ils) el padaialS coge (LS gy
Sz plplo cadl S o 13585 G B o 03438
Clead b g oyl Gabads cod)b p sl o
(YV) o))l g o2 slaaily 3,035 oo b (civo 05
ol razms b g el ol oS unl (bias ) sl 4o
Ol=ad (V1) ) Sen g (S e 0o (Sloen ingh
a3 oo Jde 4 (gaue Sledbl ol Sz Y as wish
055 ool 5 ol glaaizguil 5 6 oo b
5245 Sl (5 5 et il g Cash; el
STl dlgi 5 008 a8 L iis Comlis 5 s cailge
as ol s e i ol 0,8 oo s alads 2 gl |,
ol gbasgul e 3 )b o iy c 8o il c g0
Cugb) AP Cosal agh (al 0 09 (oo (Suein)
Ol 5 > sloazs el p o bawgie (gatl s
Lyl goaumslid guidy gy Cugby 3Ll (V4VA)
(sainy ol oo yin 4 609, 5 al ol Glapl > 354
Cedyb Bl s azyp ol plysl o diadis
el G eoip 2l slaaisgul

3t 0 b 56 gl (nl 58 ey 6208 425
ol e bl g ol glaaisgail cus b
) Lgﬁ)lf | SSL..;" LgLasC,Jlé-d 9 ey S0 pdw L;o%..i:
iS5l Wy, 5 ey ol Sdls 503l (G0 s
Ol 30 65,glaS el (fe ol sloo i 4 5 )L] ol
Sl isn )5 sy ol cils g ol Jlab aihis
CaaS ot (r0j S Cl g0 ol lsels;
Sl oyl caas o ‘S[l}_m.g b (=) ol glasgall
Oy 5 a8 ol Lt (V) (e 154 gl
oy 2l ladiBgnil o pae 3 wie sloadlse 51 S

Syl callas (Y2 VA) o, Sen o

Sl byl I35 ke rnegs 39, 5l alolé sl Jale
o dilate sladg) e i oyl o ol 4l udls )y
sloaidh sl p ol (e ol oo i (o S0
Lyl o by, Suop a5 ploddhaie ( oy o
iy 2l e b s plsel 08,548k lp 6y weslis
ol p (93 A 5 ddhate (2505 gaS—B 5l
e il (o lagio (g9 5 clul a5
Sl el i Jles gl it o ol oo 5
39, 3l abold gaddi 5 e ol cud b glaass SIS
Slagidy o5 a0 uLj“ (39, SH3 9 S5 S0 5425%9)
Sl Lyl ol lasy, piils Lloay Jled
Of o iy 2l eedb g o)l Gl oo Sadss oy
51 iz slaol )T LG 45) st cladilars jl o ik,
s S slaazily b loazess el el 5t (3 wleS
Ll (Y1) oS g 6531, 5 (F+ 13) oS am 5
|y sty ol sloaisguil b )b )0 laog, (i g el
&S o yAlad

sladele b axSb s IS 51 e og—s (e £33
S (oo pl adlaie Sl Sy 2 peiianl 5 peiias ¢S]
=l ot sl (LS g 5 Sk ges sl
&8 0 ST 52 )l Gugaire el gy el o
Canloes g e lazul (sa855 sl ool Loyl 18 Vgane
sl 355 355 (S155 41 &S (el 65 Sl T 5 gl
ol Grazs ol ey ol laaSguil cud b
)| o 5 535 10 Slaidu ;0 45 3,5 DLl Ghagsy
oz guil by g (ol 5t el Culbed 0 S
&5 o gloadhaie | e Lsosgume (nl )0 (a0
ol gonia i (Y41 9) Ol)lfw.b 9S>y Rg s
o ey 2T Syl i o e slaJule
g )l JolS SlePpa Aagl ol slaadl b
S )b G it 4 S (V1)) Gl 5 Jlg—zls
oS ols i lase sl Wil ey of sladisgull
) sl Sl s (5 2l 5l (S el Jole
S R Dl byl Cundg 0 epe SR
St 50 o L (885 9%y (nl )3 (o) ol
Sloyeiio ) (S &5 s ol (e ol byl
w5 ol 5 Lagto 5L ia b odiiS i iy
3o (gl 1, gl el S e s laad o
slaamsi salp )5l 2l lszel sandis s oy,
ol 508 o 9 535 50 S AR et g (1
Sl 2t O 5 (g ] slaaisgall e b
<l ly )b on S dihie Dy cody slagisy

@

ATk
@ 3



-\\"f 2l g05lowi ) (go4lows YO (5090

G yxie loo joaS ol i 55 (Vo)) oS g o4
b ele Ko 5l S 8 i 3l Ll ga¥  awxe
Sl cillas riagh ol sloadl Las sl

S iS55 o3l 15 ity il Wl S (la Sy
OlsFel sadns p ailewkiiusls a5 o )ls s o slaasy
b gais Gl s (o S o dihais oyl 5l
Sy S S

RS i) 2l ilodnd p (WlsS1E oY 56
GAids CB5 (eSSl (S o] Jleil s g
S Shg il Jo5 5 Sz oledblly;wil S gaal
2 SLIL 09 dilate slo sy saen —wli S
iyl Gaas gl Qboud b e a8, 5 e sle o
sloosls a5 plaaikis ;o oyl 5l 65000 cilaie ol o
Ol 6yl cal Saw wis I Oly’qT 3l LD:QT gs’T
bl

oy 21 slais gl cud b (gluanes o ol 5wl g el
S5 5 b slascily gy ool slaamti 3y 4235
oS Gl is 5 Wols s aF WS e anli ] (Y+19)
O e 337 (A IS RS L I SR
g ol 05 ) (Gl i 105 sl o5 (g5Lmans 55

S o Sy g0y STy,
Ol 5 oSl (e el Lzl i 5l el (Sl
B o8 gy gl 53 St Sl eSS g (o
55y yaio o] gLl a5 Lla iy ol by fole o
SOSA 5 ol (A gl el Lyl ol
wzge 353 g 4wl l 0l (e o sloe i
aibaie 1098 oo o) 2l Slaais guil b s g
Cardg b aws co Jaw 4 ool Sledbl b fole (! jlsanl
S gl 0gh (owyp n s LAY G0i5 5 CubleaS

55U s oamlive adlaie nl 55 60l (kg Sy i
Se bas 09 o5 (5 lwand ;8 mhaw Lol gaY




)55 el (e 5 O (sladid gl b b S (g jlusdnd

Abasi S, Heydari M. 2017. The groudwater poten-
tial assessment by the use of AHP and Fuzzy
technuques (Case study of Northern Basins
of Ilam Province). Hydro Geomorphology.
3(6):75-93. (In Persian).

Adiat KAN, Nawawi MNM, Abdullah K. 2012.
Assessing the accuracy of GIS-based elemen-
tary multi criteria decision analysis as a spatial
prediction tool-a case of predicting potential
zones of sustainable groundwater resources.
Journal of Hydrology. 440—441:75-89.

Alizadeh A. 2003. Principles of applied hydrol-
ogy, Sixteenth edition. Imam Reza University
Publication. Mashhad. (In Persian).

Andualem TG, Demeke GG. 2019. Groundwa-
ter potential assessment using GIS and remote
sensing: A case study of Guna Tana landscape,
upper blue Nile Basin, Ethiopia. Journal of Hy-
drolgy: Regional Studies. 24(100610): 1-13.

Ansari MS, Shamsaie A, Bwani AM. 2011. Mod-
eling of groundwater level changes in Sefid
Dasht by GMS model. The 2nd Iranian Na-
tional Conference on Applied Research in Ware
Resources. Zanjan. 9 p. (In Persian).

Arabameri A, Rezaei K, Cerda A, Lombardo L,
Rodrigo-Comino J. 2019. GIS-based ground-
water potential mapping in Shahroud plain,
Iran. A comparison among statistical (bivari-
ate and multivariate), data mining and MCDM
approaches. Sci. Total Environ. 646—697(658):
160-177.

Ataei H, Ghaderi N, Ghaderzadeh H. 2012. In-
vestigating the relationship of precipitation,
humidity, evaporation and groundwater level
fluctuations of Dehgolan aquifer. Geographical
Research. 26(4):187-208. (In Persian).

Breiman L. 2001. Random forests. Machine
Learning. 45(1): 5-32.

Chen W, Li H, Hou E, Wang S, Wang G, Panahi
M, Li T, Peng T, Guo C, Niu C, Xiao L. 2018.
GIS-based groundwater potential analysis us-

&lo S 0
ing novel ensemble weights-of-evidence
with logistic regression and functional tree
models. Science of the Total Environment,
634: 853-867.

Choubin B, Rahmati O. 2021.
ter potential mapping using hybridization
of simulated annealing and random forest.
Editor(s): Pijush Samui. Hossein Bonakdari.
Ravinesh Deo. Water Engineering Modeling
and Mathematic Tools. Elsevier. 391-403.

Choubin B, Rahmati O, Soleimani F, Alilou
H, Moradi E, Alamdari N. 2019. Regional
groundwater potential analysis using classifi-

Groundwa-

cation and regression trees. Spatial Modeling
in GIS and R for Earth and Environmental
Sciences. Elsevier. 485-498.

Cortes C, Vapnik V. 1995. Support-vector net-
works. Machine Learning. 20(3): 273-297.
Ehteshami M, Aghasi A, Rezaie RA. 2002. In-
vestigation of the evolution of groundwater
potential in Hashtgerd Plain in the last ten
years and its causes. Journal of Environmen-
tal Science and Technology (JEST). 13(4):

61-74. (In Persian).

Falah F, Ghorbani Nejad S, Rahmati O, Danesh-
far M, Zeinivand H. 2017. Applicability of
generalized additive model in groundwater
potential modelling and comparison its per-
formance by bivariate statistical methods.
Geocarto International. 32(10):1069—-1089.

Fawcett T. 2006. An introduction to ROC anal-
ysis. Pattern Recognition Letters. 27(8):861—
874.

Friedl MA, Brodley CE, Strahler AH. 1999.
Maximizing land cover classification accura-
cies produced by decision trees at continental
to global scales. IEEE Trans Geoscience Re-
mote Sense. 37(2): 969-77.

Ghafori S. 2008. Development and manage-
ment of water resources in Iran to deal with
droughts, 3rd Iran Water Resources Manage-

@

ATk
@ 3



. IR )Lefj AYY ‘_gly dD)Lows ) db)lows AN db)sb

ment Conference, Tabriz. 746 p. (In Persian).

Golkarian A, Naghibi SA, Kalantar B, Pradhan
B. 2018. Groundwater potential mapping using
C5. 0, random forest, and multivariate adap-
tive regression spline models in GIS. Environ
Monit Assess. 190 (3):149.

Hesami A. 2016. Study of rainfall trend and the
volume of groundwater in Marivan Plain using
geographic information systems. Environment
and Water Engineering. 2(1): 13-24. (In Per-
sian).

Jaafarzadeh MS, Tahmasebipour N, Haghizadeh
A, Pourghasemi H, Rouhani H. 2021. Ground-
water recharge potential zonation using an en-
semble of machine learning and bivariate sta-
tistical models. Scientifc Reports. 11(1): 1-18.

Jensen JR. 2015. Introductory digital Image pPro-
cessing: A remote sensing perspective, 4th edn.
Prentice Hall Press, Englewood Cliffs. 544 p.

Khashei SA, Ghahrman B, Kouchakzadeh M.
2011. Fuzzy-analytic hierarchy process method
for evaluating groundwater potentials of aqui-
fers (Case study: Nayshabur Plain). Iranian
Water Researches Journal. 5(9): 171-180. (In
Persian).

Khoshhal J, Ghayoor A, Moradi M. 2012. A sur-
vey on the impact of groundwater drought in
Dehgolan Basin, Kurdistan Province. Physical
Geography Research Quarterly. 44(1): 19-36.
(In Persian).

Kordestani MD, Naghibi SA, Hashemi H, Ahmadi
K, Kalantar B, Pradhan B. 2019. Groundwater
potential mapping using a novel data-mining
ensemble model. Hydrogeol Journal. 27(1):
211-224.

Machiwal D, Jha MK, Mal BC. 2011. Assessment
of groundwater potential in a semi-arid region
of India using remote sensing, GIS and MCDM
techniques. Water Resources Management.
25(5):1359-1386.

Miraki S, Zanganeh SH, Chapi K, Singh VP,
Shirzadi A, Shahabi H, Pham BT. 2019. Map-

ping groundwater potential using a novel hy-
brid intelligence approach. Water Resources
Management. 33(1):281-302.

Mosavi A, Hosseini FS, Choubin B, Goodarzi
M, Dineva AA, Sardooi ER. 2021. Ensemble
boosting and bagging based machine learning
models for groundwater potential prediction.
Water Resources Management. 35(1): 23-37.

Mountrakis Giorgos. Im Jungho. Ogole Caesar.
2011. Support vector machines in remote sens-
ing: A review, ISPRS Journal of Photogramme-
try and Remote Sensing. 66(3): 247-259.

Naghibi SA, Moghaddam DD, Kalantar B, Prad-
han B, Kisi O. 2017. A comparative assessment
of GIS-based data mining models and a novel
ensemble model in groundwater well potential
mapping. Journal of Hydrology. 544-555(548):
471-483.

Oh HJ, Kim YS, Choi JK, Park E, Lee S. 2011.
GIS mapping of regional probabilistic ground-
water potential in the area of Pohang City, Ko-
rea. Journal of Hydrology. 399(3—4): 158-172.

Pal M. 2005. Random Forest classifier for remote
sensing classification. International Journal of
Remote Sensing. 26(1): 217-22.

Panahi M, Sadhasivam N, Pourghasemi HR,
Rezaie F, Lee S. 2020. Spatial prediction of
groundwater potential mapping based on con-
volutional neural network (CNN) and support
vector regression (SVR). Journal of Hydrology.
580-591(588): 1-12.

Patra S, Sahoo S, Mishra P, Mahapatra SC. 2018.
Impacts of urbanization on land use/cover
changes and its probable implications on local
climate and groundwater level. Journal of Ur-
ban Management. 7(2):70—84.

Pham BT, Jaafari A, Prakash I, Singh SK, Quoc
NK, Bui DT. 2019. Hybrid computational intel-
ligence models for groundwater potential map-
ping. Catena. 172—-183(182): 104101.

Rahimi D. 2012. Potential ground water resourc-
es: (Case study: Shahrekord Plain). Geography

AT
@ 9

@




)55 el (e 5 O (sladid gl b b S (g jlusdnd .

and Environmental Planning. 22(4):127-142.
(In Persian).

Rahimi M, Solaimani K. 2017. Remote sensing
and GIS based assessment groundwater poten-
tial zones mapping using multi-criteria decision
making technique. Iranian Journal of Water-
shed Management Science. 10(35): 27-38. (In
Persian).

Rahmati O, Pourghasemi HR, Melesse AM.
2016. Application of GIS-based data driven
random forest and maximum entropy models
for groundwater potential mapping: A case
study at Mehran Region, Iran. Catena. 136—
147(137):360-372.

Ramezani Charmahineh A, Zounemat Kermani
M. 2015. Evaluation of support vector ma-
chine, and linear and quadratic discriminant
analysis for groundwater level variations in
Shahrekord Plain. Iran-Water Resources Re-
search. 11(2):97-105. (In Persian).

Razandi Y, Pourghasemi HR, Neisani NS, Rahma-

ti O. 2015. Application of analytical hierarchy
process, frequency ratio, and certainty factor
models for groundwater potential mapping us-
ing GIS. Earth Science Informatics. 8(4):867—
883.

Rezaei Moghaddam MH, Rahimpour T, Na-
khostinrouhi M. 2016. Potential detection of
the groundwater resources using analytic net-
work process in geographic information system
(Case study: Basins Leading to Tabriz Plain).
Ecohydrology. 3(3):379-389. (In Persian).

Yesilnacar E, Topal T. 2005. Landslide suscep-
tibility mapping: A comparison of logistic re-
gression and neural networks methods in a
medium scale study, Hendek Region (Turkey).
Eng. Geol. 79(3—4): 251-266.

Zabihi M, Pourghasemi HR, Pourtaghi ZS, Be-
hzadfar M. 2016. GIS-based multivariate adap-
tive regression spline and random forest models
for groundwater potential mapping in Iran. En-
vironmental Earth Sciences. 75(8):1-19.

@

(o0}

&

00 = &
AT Y

&



F

Watershed Management Research

VOL. 35, No.1, Ser. No: 134, Spring 2022, pp. 73-87 Research Paper
DOI: 10.22092/WMRJ.2021.354418.1407

Spatial Modeling of Groundwater Resources Potential in
Telvar Watershed using Support Vector Machine and Random
Forest Models

Edris Sayfi Selseleh

M.Sc. Student, Department of Geography, Payame Noor University, Iran

Mohammad Sedigh Ghorbani

(Corresponding Author)* Assistant Professor, Department of Geography, Payame Noor University, Iran
Negin Aali

Assistant Professor, Department of Geography, Payame Noor University, Iran

*Corresponding Author’s Email: ms.ghorbanil978@gmail.ac.ir
Received: 09 May 2021 Accepted: 20 September 2021

Abstract

In this research, it is tried to identify the potential status of groundwater resources in different parts
of the Telvar watershed using two machine learning models including support vector machine and
random forest models. Initially, information about the wells in the region was received from the
Regional Water Company of Kurdistan. The wells in the area were randomly divided into two
groups of training (including 70% of data) and validation (including 30% of data). Elevation, slope,
slope direction, lithology, pedology, surface curvature, land use, topographic moisture index and
distance from the river were selected as predictor variables and their map was prepared in the GIS
environment. The data of the training group along with the maps related to the predictor variables
were entered into the support vector machine model and the random forest model. Based on the data
of the training group, the parameters of the model were calibrated and adjusted and the potential of
groundwater resources was predicted. The prediction accuracy of the models was determined using
the statistical method of performance characteristic curve in two stages of training and validation.
The results showed that accuracy of the random forest model (98.4%) was more than the support
vector machine model (98.1%).
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