[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

&?&b#idz}&bdﬂgy;

\_//J ta v a 1E o YLl «pg> 6 jlosis «padS juw Jlw
iy

; Jyr-25] Vol.13, No.2, Summer 2025

. . v -A
WA{/J} e

ag>lgo 30 Slglyd S Jow I coliiw! b 35 g s dlg) bghas s lol — SKo Judexs
hamo Ol bl b

T35 Bl Tosly (LIS ilaao )l mu>

Slsal ez aagd olKails ey pole 0aSliils (GIS g j90 5l Gromiw 4l cawss g 25 (el -)
Sleal oyl paz gl olKaSls (yae ) pole 0aSliils (GIS g j90 5l Groxinw 05,5 Luiils =Y
Hsal oyl pez dugs olRSls (yaa pole 0aSiiils « GIS g j50 5l iomins 05,5 sliwl Y

VEELYNA sallie Gy d,b VEYNYNA i il s gl

PRV

4 goanie Sladlas ax 1 .ol 00gy axlge alg) bolas sy o o U= b ojlgen wlaidl Sl LS leea 55 5 ol coio
7S Olnl s Bblis j3 (008 g, b aeme o bl paizr plejen silel- gl Ll Ll ety Sl )
Sl Jelos o ooliital (Lad (y9am )55 5 F)S 0515 Jelod o (Slol8 Jelod o9 a5l adlllas cnl o Casl 38,5515 a2 53090
w51y Jelog ool oolog, (L ¥F) oS i)y 9 (0¥ 0) YU caniiy)d Juily b bl jo (Sl Cond o yiien o5 ol olias o
o515 Julod 5 85 ligred oty Gblio b o 05 it leliuizne copir 8 S1uSE g8 LlE o ol b 5
B9y b 005 arbne) 2askS 1,08 atgy b (sl b o 05 ololi plorbuizs gtz (g o b K3 S TFA 3505 o
Ceniigyd 5 (P<O0L o $8Y o, 5) 43 olas L3l ) S olad oS il g ol en 10F Jow coxhd soc g (e sk

WYY L ol Foojlel jlaie Y0 b plp (RY) Jow s copo a5 Il 0 g dlg) bgls SaSs  (p<0.01 ¢+ YOV o ,5)
Qa8 o lid hagh ool sloatl Lol Cass s (wah Jated 9939 pac carmoslis) YYE LY, 0 VIF polie 4 (p<0.001)
2 S Sl plsiees Slgicon Jol> gl atts ailaie ,o ) bsks ssiSwags ol ointe 43 5 me iy p &S
b aallln ] 5SS s e 31 (305 Sl (20IS & 5 8,8 15 sl o al) Lghas pppin 5 b wcsitel
blin 55 (e pte (Slocs S ora sl o8 400 g ) Ag) bolas Sy (sl sl ol (o5l s ol sl sy S5

Y AR LR TEN S

onlosims ¢ gliad Julows o larme ol bl 5 5 cii dlg) bghas o lgl3 Comas Jobo : Wo3lganls’

*
Ol lsal Glaal ol ez aagd olKiils «yao) pole 0uSiils (GIS g 490 5 Jroxiw 05,5 r0auiS Ao ooy s
CANETEV VY el
Email: m.kabolizade@scu.ac.ir


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

oo Jobod cdel (Ldow sla by, 05 pos
Glojlws JLd) (qmyp @ &5 witen (SH o (S5 58
Ol il s 00y Sla i pl o alg) sl
e 5 o 3 VL 285 4T o i
3 eis Lae 5 @ds oledlbl ol Lal sl
Ol aels Gidgy an (0B el g st oy
oy Cmple L (e Jsle poiz Glojen
o ,Sug) alaz jleesls (e slabs, «Jlie 4o
ool slaosls jloslaul b il (5,500 5 (5!
9 ot 4 (e Jslse Sledlbl g olg>
Ol oo e, (nl e jlaislo n oo Sy S5))
Leyman (omae slaaS i TSt (g S @
o) lil” paad plis 0 50l oy slagile
55 @YU 552 iland Lo s, (ol 51 0,5
b lmQT 3 Lol wils sayomy aily, (g3le Joe
ol g 35,10 Vol daz Cople o nac slaSs
=l 5 Sl o ol s 30 L T s
S s 5 3235 Slwodls I (camy oo 4 b b,
Sl Sl (S e (o [0 0)lgen a5 W5l
2 Ul pas oy, cnl 51 (Fp 0,8 5o Lol
pos g Doly> £989 )3 Jale ;2 i g o e

e Jolse 5l et L Lo S
Sl g 88 Jo 5o o oyie 4
Jedlge ol 1y (oS5 g5 8y Jlaio il
912 S 380 Jolow Lol S (n e (e
PP sl ST L el o jo b Snsls
o ly (5 ad g L YL cniss B L sblie wiile)
Camnd Judoed g,y sl ol o ams o 3Lyl Sl
3 U155 9 YU yed b8 Solos s 4 ¢ Sl 3

3 Logistic Regression

4 Artificial Neural Networks
3 Support Vector Machines
6 Decision Trees

7 Black Box

OA

S0 Slelbl (59ld | wdigo — pole oy s

1ol Glivli @ g 0 jloud @ @S juuw Jlw

doddo —)
aby 5 85 ol 5o e GRS B 5 ol cio
S Jlo oml b oS (oo Lol L g S anags
0 0yls e LS g cal Jlasl adg) by laz 00 ,0uS
as oyl 8 Sl b Ol bl glgl (5,20
lrasly b jLa sl colg o any o algs o
Srdnbiphr (eletzly gobatdl ( aons;
Oml Sy Copde 5 Gl (plelid ) cnl 5l ogd
Slly yo Dbl 0 55655, atloz 5l g las
ol Gl el ol (ol g ol e
Oy By 4o wilgi oo Dbl (nl 4 4> pac
ln Sos 1w iSin s Sl 55,
S9 e (Sl UL (> g 00y ae o
33 oo S slas )5 (5o ool mlos 1]
9 S RD (§5alip emwdiges il sloojy>
Ol e emiigen arpey 50 SuBIS Gy ol S e
oyl bolaz prne Jange ALk 4 wlgiee gk
Lo JSS9n o9 9 Spglia Sy Lol Wy
039> 53 IS SeS Al Sty Slen 5 6l
5 by Bble CELD (o ted o pde 5 Syl
2L s areg slagsb Gigws Sl Gadyc]
ol 8 1) aded byl ool Slbode (28,5 L
Sl el il aslllae nl oreizman 05l 0
“SILA;:_>1 Eolg > e el olme Co e
o 2855k oloy JelS 5 ksl plie parass
o1l Ghal33 o IS ysb sl o ool 8 | cuilses
Sleeteme Shblowe 2l 5o 6551 slacsbe ;s
53 5= Sl fagh (nl GaulS lasjgliws alox
) e goaie olalllas (golais Ll Jsb
aslaczls y ady) by s g picawl ¢ ol bl
W 93 4o OlgSon |y i onl o ml) lahs,
Toals ;e slo s, ' (el slagts,

! Analytical Methods
2 Data-Driven Methods


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

- elad Gles Sugy 5l oolaiwl b asly wjls o Jdao
5 bl 3-8 (g3l oS LSl ety (sl
G 3 Gt gl ol | s gls Ll lulis
il U b S e 55 aalllas ol 05 o ol
5 05 w51 o e G318 el slo b,
Sl 698 el syl ST glad (g T
bl ot Gblis jo dgf bghs Sy 25
el ol Blaal (358 8,lse 28,5 L5 40 amo
Slodd (2905 25 g b & Brdod
e DLbre o B3| (g5leeS 5 (plulis e
g Lk 3 S £ 5 (W 5 s )
Oy ol eolawl L asllas 5,5 0 ddlais 318 5 Cuis
(Slsld S Sl
5 ) byl S5 £l bl b olSe 5 e @
05155 ool 51 5 St L alllan 350 il
Jis
ol bl Jlite ol gl 5 olid g3lo Joo o
s G ) by L S S
bz g S 5l ool b ole o oad
Sy oo g (2b)l gdge (nl Coetl 4 4z L
Ll L5 5 oy by s S5 S
3 el slacmglyl 5l (So an (ase bl
el ot has 635 sleeslo Sl Conae
a8 5 (oS Loy, Sl eslaul iy ml o
bl 5 ol blbe ol &b s S o @ Wl o
Tt i Jae S S5 sy 3L
Oloien Jolod ISl i glad-(s Lol (g, o plsiea
P Lol 5 Sa e 8 (i 5 5l el uoir
10 IS o pal 3 ) bglas K28 Jlaxsl ol
2 e alr Cozlr SO Al addllas opl wioly
Syt Ct> 50 b 5 5 el olad sl s

! Kernel Density Estimation
2 Spatial Regression
3 Frequency Ratio

AN

53 e Jslge g Doly ey BLS ) (le o5
50 dedyad LIl S g 4 o oLl s lad
o=l sl oo ais by o Ol ble Slalas
=y shee Jole o alize lab o 1) Gols>
Jlaiz! il ST L guoldl o 1) Jole 1 g g 08,5
BURC PSR JURE S

L e sy 2 wlel ) bolas St (23] 4
4 jieS g ilails 5 65 et jaele ble Jale go
s Jele iz s 5 logen ol
Lo oladlas 5l 6 s o Jlie (gl ilazls
o ymie WilgS oo Jolge (nl oduzmy Jola cedly 5o
3 sl 5 ol ogdle 09 (6 pdycemsl Spauts
5 039 dgdmwe Lo dod SLSe ol Lo iogin
SL Sl G 9 S slagelde jo by >
e adloads &l ‘leﬂ‘ sl ,aeliy sl
i )l sl )bl 5 oo slas S, (lod
o blas ;0 sl iolss £48g 10 Jule o oo
lools (pinn Slallas jo ol i Sladllas
alosgm olacusgame glls g colaiwl 8 )5
LL a8l cdel ag) bglas &olg> 4y bgspo slaosls
Lo Jdow Cds oS wilosgs ol jor  Sle Condge (sl
3 eyla 5l g s jo il oolo LI, 8 130 e |
OSow 45 ouud oolaiwl YU Cwend b o b slaosls
il anslys Slegren (Jad aore Ol b ol
aibe Aaore Jolse 4 g o sloools (pizen
a8l sble 2 0 (sloj) sloadlad b canisy,d
o=l alesgy by raeles, L L (S (S (b
§ SO o ek ok a mooly jo budgass
e 50 Loyl (6 pend ol 5 ol Liel
PG PURAR

Slasdlas plowl &g 0 398 slo cewlS 4 axg b
o yblse (paz lojen Jodow 4 s 45 a5 aal>


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

AU 5 (5 L et b asile) Jlab slas i3
ropdle. 8,00 ady) byl S1uS bl oS
5 sootie sLacsz Ly 4 baae j8lnge (ol
2 P (o5 laosls g 33lo o0 (S5 (olid b,
gl o S, o))l sladae (o) 950
Jloel L shas 2l e o aoe Ol bl (a3l
sladae 3,Slee o8 dnlio b golgiing sla by,
)] pas ol ams gl @) Slae Lyl 4o Cilise
S8 oS 63,5 sladlos 5 (oS slaosls
e b Sldllae o 1) 65 s o) peitns
AU o 5 33l g0 g0mma Janmo (slo A oo

S oo Gl a1y s pdycanl  olad Jalse
Sl ) 5 oozl DT O TS5 5 ls
by las aloxjl coauzmy bolSiws o Sy obj)
ool ol LAl aSles ;5 assl )| LS 5 e ady)
o glulid ool ad>yo as Jold cogtdo
Sl 50 g ol 5 £939 Joixl ;)
;509 ol il Sy ol (Sl (6 S e
Slalllae 5l (6 ks slp (LS, 9 615 (ol
sheadize glive 1o Sy ol 4y 55 o
So plgie dm g 03)5] wal B G5 g Sl o alex
o=l L ogd e aim i Sy Slosl jo 4l Jow
o S8 s wez il ol (ol ad abai >
Stle adgl by b Shaome Ol bl Julow ol
Sl (S (pldd g (o5 DSy Al pae g (geges
) sl (sogtie Joo S vz 2 0oz,
ol Lyl b Ly 5 ek aiesls Lol cans oo @9l
9 (Cmmitig B L adyly asile) ylas go cailate ;o
Sl 5o Jliv Glaie 4y el 0290 S5 slrools
Gk 5l Sy (oS 4y 5 sk a4 szl nl &S
o Ll T glaoely Ly atol> g535 Jlazm! als
e @hS Sy alST 385 Gl S (o0
L (=5 &hgo @) Sy ialS cilizes glo g,

2 Kaplan and Garrick

%o

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

S g i gl bshs avgy Cupae 5 S b))
s ojls o s Ol bl dxis 3blis 4o
a5 )l plgie 4 Wil g Giesy ol 5l Jol
5 =k (siyalin @l (S peal an] B o
a9 90, 8 eoliiul 5 )50 adg) blas o
o] il g oly > 51 b ol s el
led Ll S8 (655l Sl slacs e

&Ls 2 (55950 9 Guiidd ool -Y

JLl s 65510l 5 6l e sl o
dagt g rslo bl Jalse 5l ee 553 55
Sy Capd 5 2yl sl b iy Lo,
YL Senl jladg) by s o ot 5 (SSs
oLy ojlgan 45 ol ol ol 55
Sl e S (oo Wi | 5B g Sl Caro Lo
S rlny (Sl g solamdl ¢ ammetans ) slavsly
ooz Jolai ,ls cow g sl ansls s 4
aile (armme Dl jbloe ofige o Slusl g (rnl Jalge
DT 0555 g 1 il nmntii B a3l

Ayl bghs S (L), wlalllao V-

Olye L a3 sl 5,0 N (Ve 9) il
Jloss s V] ey by s S b)) Sl
g a3y Sy o)l slagty, jl glos i
) Lol 5 i oyl als gl |, ole,lSal,
30 ol gz e S Glgieay (OUS b ol 00508
o add b glacslun; Scwm) b))l 4
g Uns et s asile) Jlazsl glais, glgl s
aile) sy = (e slaty; 5 (Slas, Jolos
il dams e 5l (oo g5 |, ()l Julow
Sl Gl |y el ol gz )l Sl
o) ol G abais o Jl oyl b s o #51,] S,
Elosil o (S 35 ed ol Godon sSans 5l
5k g Cwldy) bolas (85 Slles slaSin,
5 —berme Shbl S ;o (LS 5 S ped (ol s

! Moehbaur


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

0,5

Lo 1y aslglys 60,9, (Yo ¥ +) ol )LSen of S5
(Bayesian Networks)  y 3w sloaSis 5,5, 5
laaSs Joe ol jo V] wsls @il)l lacalad
Sloodls S 5 (gl anad )08 (o)l Hloie @ e
oolaz Sy ué‘j_‘> &335 JL@..D‘ Ml.?m 9 &3"""'
SIS il b,y ol Slol g8 alaai a8 S )3
5l o=l sl ahd pae LS0e5 Copas o o
Sl 00ld 89005 5 (S Dl i (5 S0l gl
9 t_ii‘) »)5..»‘59 o lice u_i..«g.) d)LwJM o g/.l.c‘ as
wlydy bolas cus Jizl ( pls jsb 4 ) Sen
g Los o Ay Lisd ((Fo,05 il oleyaie ol
IS Lagl qlss is)s gilodse Giszr CoieS
oealS g i e B3 50 (60,0 V0 Sy
CutnS g (S9,95 45 39y Conhad pae (0 gao,0 Ve
S i Jale (n et Slye ]y oo
loaS b a gy JulB sLlse sezg Lo sluliss
aladi doools oS 5 g Comhad pae o e ;O (e
35 e pas e 8,09, 5 addllae opl ol ans
LR ) SMalss 9 oo).';..,..f 6’4.».70@ Q‘).bléuﬁ e
=2 Joloe & Jow el &S Jb jo ol LmQT las
U Gds Jdow o3l o adg) b Sllecs
oolie )d 4ty g Candig b aiile o)lagis slaonsy
Ot GLaSid )0 odamy daly) pndl ((eizren
YL aadd ag Lo g all leds Wlgy co S5
s (6 528 )10 Gl cpl o ls aSCs Jlisle ol
3 e Dbl gl Jolos sl 1) 950, 00
el slean¥ (0538l (g o5y alad lide

Q)L..Jso Sgdoe ‘G;La_e

2 Zhang

71

Oyemo d |y e iz Sloladl o b-a e | do

(omimad 20 o &l Sldes slrosls b g adtie

Silbwdis g plolid 4 508 Sl 4 oozl 0l

eSS g (e Jelss otz (L8 L,

o elodod G Sl g s gl by s

LasgoaS ool ls sl jsmacsls 5 JoSe cslos o3,

30 wezl pl peiias 05 Gl p 1) olacusgass

Sblie y3 s)lal-olad 0, S5, L S o055

IS o oyl ol

Sty @l sl Jooe (T Gl )LSen 5928

Ty 55 i )3 LSS 5 s ) Lghas

los, S ) (e s 5 SuilSe (glaapus]

5L obs sloosls 4y sl 092l o Joro ol [8]

ol g o1 g3luosly 5 3,0

(Ghlgy E55 S 0y5 £ 5 ool L 5o y55 @
Sl 38 i) s o 5 e L
WJlw 5o e len 10 amy o) (S0 )55 &
a3 o il 0 1y cati Loz

Lt g e 5l eolil b s Silse slacanl @
020 Ges 5 ()5 plazl 3,55 Jluial (21
e Voan )l 8 Gee (llogd e (2L)))
RS SV (e FRCSPUE =P . RSN Wiy I E3
VXY

w3l g9y Jlazl 5l ooliiasl bz apsls ol ylas @
Dy 9 SIS 95w bl ) (3R
g 450, 5l alold el )l ol ) o g (LS
Vooalols o 28,5 )18 05l oo bl (S
3 iy b ] Jlaiol (oS ) nskeS
ICXIPPIEE Lt VA S PP AR U

G 2 Gl | (S Sy 2Ll Joe bl e
Vg et Jlazol 7)) asiS o dpmslons alg) Las
anlllae Sy o Jate 51 eolial (& ,las Yo oypebeo
wlwlis €, das o» 1) adg) blas 517 (69,90

'Guo


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

L siegim ol 0] aslassls y ols 6 meg LS
s QRAYT Sy (oS sl Jus jloolic
PHAST s OLGA _anss o ,l3ble 5 5l oS0,
St slaasly ilbw o 5 G=8 ilwand @
oz 6lodnnds gl OLGA I3l i ol azsls
YL o by s (558 9 &5 (e 9 56 5 ol
dalol jo .l asd, LS a4 (ga—o,0 0 slls)
el e glooasly gl Jow (sl PHAST
s Sl ohlus bl g il 5 e il by
Oy9—0 ((G3—o,0 Vo slhaz) Cvlo cdo Ly Jlo
as ol lis aslllas (pl bl ol a8 3 18 colaiul
Oo=b Ly e Wl oo g b3 Lol (SSS
5 ey rioshS Yo (Sogdl g ook aSo i 00
sl aalr b She b o5 Jb o wsd S
5l &Y s Ve Jlo il 5 a0 -
YL cdo (jipgim ol Ga8 aladi el oal
Lo 38l 5 51 ool Uy s slaalyy (ol Joko
ol el Sl 5l o8 byl a5l 5 s
ot atels y0gs Ogaze ¢y ol axs ahais (>
g Sl B0 pS el g els add s S
Dbl Comly (385 513 50 e o slasaly
=) adg by oz (SE S 1 Sie (ae
el (2Bl Srawy (wlide ;5 (A3 5 Catig B
L (FaSh 585 prailin @ anlllae ol (Bly 5o
Loosnsy o=l (lodd Jlow g (Hanee Jslge ]
35 e S Sl ey Slasaly i g S5l (oo
aile paass gl 5l oolil ppizman ol
Lol oo ialdl 1, cBs aiz o PHAST 5 OLGA
3o ,le o Lass 9 390 Jlws (699,9 sosls wiejls
ol 555 Slalde 3 silwaned lp o iiws
2ol omlS s ninmeni wlgi e ol (nl &S
sloosls 4 sgame s U glaalaie Olalllas

ke 2l G Sl

3 Quantitative Risk Assessment

7Y

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

Fl1y0 dy bghs Sy b))l Oldlas -Y-Y
hazxo Ol bl

yoba Lo g 5l solass ( IS Sladllas 5 ogdle
gl bt e Sl jble (3l gy 40 o1
bl sty wyn 4 (T0TY) (hlen 5 e
SUT g 5L g ccis adg) bghas sl 5l ol S,
) clie (g, Sl 45 as 0 LAS (295
sleools 5 ygxen L,>_L<>|9_<: )...:L C (S
g oledbol ay i w18 S ST 9> g0
30 Eezu 0,50 s Jow 1oyl (1,8 Lo e mass
Tl 5 Sl sl by, & i ool (ol
aS col ol 51 S aallas ool mls o8 o Ll
(Sl Gl s, b awlio o Jlixl slo g,
s o &)1 lail Sy Sb3l 50 65 B8 s
e jlasdlas (ol Lol e s ahis (Jb pl b
il oybloee s ol eSS 5e8 ol agh
sk ﬁoonwMul)bbtA il g el
Syse golr Sjypo |y i3y b a3l et 8
Srdmel Saaler Jolw ], O @l peess
shae Slble 5l awg cds ol o g bglas
5 oS dunlio Lidgim (opl yogdle a2 oo rals
285 15 3 il 5 Slsess (slats; o GBS0
oeaslanie Lo U o Slaslre ol )5 (so0e
J_».lm o 05_»..05 u_»‘ o oé)x 4\5‘)‘ 6:.‘3‘9 ‘b.a‘).w
&l Logbs; age oLl 5l wile c(glannlio 5 (o8
L sl ag 5L 5 00,5 o alizee slag ,liw
3l oo Az o | diey cnl 5o 505 9,50,
i)l 4 093 anlllas ;5 (V-YY) (Glojod 5 (sogane
YO adyd s SO 5l e ctd 1 ok Sy (005

! Deterministic Methods
2 Probabilistic Methods


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

9 (B3 ome) 9 i) iy b wiile) Jld o
LgL(bJa.a_w.o 39 )is..\_is l_s LQUT oty EMalss
S ym deslse ol (S5 b 5l el
el 0uis &l gl bglas

s Sy >ge sLa imet o lse 5l 5 lons ;o LSl
bl ilodae sln @35 (plad 5 (o5 slas S,
by las S £989 9 e Ol bbre cpl o
slecg> la 4 Sldlas Clél sums oo plis |y alg)
L olbad sla dog a8l L 00,5 sdiny IS (s ks
bl g -l glo LLE olulid sl Vb 59y,
9 TQS slaosls 4_‘:|)| po—< .J_§|o¢5_3 ).».A_:g,._..;‘
Pyl (el 65,00 sloa )l do
b GBS sbasi,aabn 5 Slles los S poaas
S5l g0 Sgaze

L olallhas 5 0 solitwl 5,50 slaosls Ll
39590 s 32 JoIS (SIS B ] layogaoes
B p.a..a.,._..wo )5_.|a L ‘LDOM u.)‘ J.}‘oéy O‘)ao.{b 009.:
3 5 9535 e 55T gl (s a5 e
f&}‘) G»Las (_gl.‘bd.:.bd 9 ).:d,d.b C;l.d:o&b )l solarul
30 i Bl Conl 5 g Lo calyd jo
G aS (60,5 g soS Sldlas o)l aile oo, eus
o) 33 ) gl e S bl (5.3 ol
W310 s 9 (5 5lel olad sles S, b bl
LMo (ol o 55505 b a8 0l 00 ol B 1, il
Pty by s S, 2Ll Glr aolr 257
20 &l b 3ble o Jase Ol bl iy
axflo Syg0 ailkio -Y

S ledazae w0l 0 Sl ik
Gl sadplol oyl s cal sblas o e
el Jols pegiio B, S55 sl waeyeyioskss

s

dely 2bj,l a4 PHAST caass |l58le 5 5l eolaul
M}K)“MO[&J‘)&M‘M?MS
oy L (3lw Joms U asdllas ol [8] wzsls
L clmosgams a5 ols ol LS Lol o Lt
U il g jlastl 4y by je o5ag 40 YU jlas Jeuly
()_'J.oa” éLv_ml_‘))_la?o.DSJ_?muJ).wﬁw‘
S @S sz sl 5l 059 Gl Jolsd (o
gyl Golsl 2 1y 55 il 51 56 glac ]
Se8 abads .l 05,5 s Sds 4 58 Lacsl el
> e Sl BB g,y e ) (gt 0l
YL cds 5 ols 655l GLLI s cpal
ol il ool (55l 5o PHAST 15l
ol apgi ol5uns 5l ] sdes Cars aladi ¢l
3 elB g S Ay Biiod ails (09 Sgae
By S e 5 G JLed i olSisl) Sl
O IR LTI S I A R HCH N ES
aile dame Jalse L 5l 0l &llas anlllas
e algi (o0 oSy (B33 ey b 3y oenniisg 2
g Sl ol 4 e dlgd bghas 4y ool 4
p—otd 2 Ulgs (usgase ol aoul a8 S5l o
e 4 adg) bghas 03,5108 aSh 4y |, gl
a2 o Guals Wil )18 Slblbre 1 (65 apwy b
il i i e Jelse (olos wiils
s 18 Lo 0550 1, 58 ¢ i slacslu
4z 514 a0 (i (b Slalllas gl 59,0
Sy 9 Sy 2l 4o goanie o fashy
Lol casilazzls y 5LS g cas aded bghas o &olg>
45 0l sz A ol o (Glirkod e I iz
Tl iy gl 4 5l

aiile) ol &l bl g, 5 Slalllas 51 s ks Y
Ailos,S 38 10d Glles g 8 Julse b (s | jloxai]
bl | (grmy b lojen 5 gelr Julovi 4


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

bl bls s 4 fladusors o 55 ¢ ok
o b bl 3l bglaz -yl jee . 05)lo 1,8 gousie
A e ly8lly G d ey s bl g oS
) oy gl 5 ajly Sl (b sla oS codlad
)| 4.:3)@ w‘bf )l ‘Swla W”s odudy O PR Yl.,
50 Gt ool Ecel Wlgs o 5 (o) o) polie
ol ogh bl Sasls Jlaasl iol58l g alg) bghs
Iy adlaio sl o LS g i adg) gtz (| olgc
Supies g 2l an 5l 9 00,5 WS a5k

VS| WP ST ads S

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

Sl b (1315 5 655 0 o515 Slaasals j3 (388
P ) g 039 JLd (S iS5 Lail st
9 () Sty b ad )5 il (oanb bl
Bl lang, oo cudlo Il 3yl 18 oia e
|y Sy b oy 52 (ooalBl SlpiS 5 (as i O
Ol lodwastuns .l 00,5 Byaid adlats ol jo
S Crul LS 5 i g bghas 3l (glos S oSl
Ol S e Wl 528 (6550 Jlil s Sl a8
Sblie 1wl Job g LS oo a S by o>
2olSlo W oo @2 Gl nted (2 5 (297 o0l
dy bohs [V Y] sl oo slazel Slj0lo slaaibl 4

o« 0 «© «© ©
w w w w w
w w w w w
N 3 3 3 s
& 3 § § S
| |
A — N
{ —'-m—'/X\t s . 0 160 320 640 960 1,280
e W -F O EE— KM
€ T ,
2- ~ %Y
2
N Yy N S N S
) \w)“ { & L
ol o = 45"00°E 50"0'0°E 55'0T'E 60 C0"E 85'00°E
S 3 g\ B 1 1 1 1 1

i 2
e Bt
v S
“[Lj .
& N
5
—J
)
=t
»v—/’

SR A v
2 D e m
g :J\u\\/\ j ("\'\P) 40°0'¢"N
)

s

i 5]
S 2 ~—.4
[ o ’2‘\( r~— f/’“ SN

I I L} I
45"00°E S0'00°E S5'00°E BO"0'0E

Sl ylgale pglai (5955 (ylowlwissmmn (ylw e 0dgumo 1) JS

7


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

Joo s ;5345 joblen il 00gai colaruwl
S el i )loT (g, S Sl s Sl
delse 5 alizes slmoany (e bLI) L5, sl
L b,y Jae ol 05 oo ooliiwl oyl 50 S50
Syl Slgld 0, LS ol slaslas; 5 S slaosls
Jlaiz! as cel jlaiwl owsl cpl 5 Joe cpl (b
3-8y ol by ool adlate Sy 55 oy 2 5By

jaahio ol neauy ol

MY AP o &

So 0 edny S olas ) Slgld ax e o lea

oazl )o oanay (T g5-8y Jlonol sl jiiy ailate

Sgranles iy aslate o] )8 53

ooliiwl 0 g0 (sooIs —V-F

Cwdgd Jold imghs cpl o oolaul 5,50 (slaools

sools g g bglas SiuSs sbosls :iog Lo

Fse Jalse

CxBgo Jolis adg) bg las S S slnosls
bghs SiSo byl jo a5 sl Dbolas oLl a
ol F, Y YV L YND Slojosl o 55 5 cas alg)
adlaie yo adg) by s o, e g0 <S8 ,5 5l g conl
ol o 4 lewdwdzas

L adyly s gomangy acss Jols Sldlbol 4y o
5 bl Glosl SNV B e e SIS 929
loooly ol pand pl.,euS Saxe olaliss]
adibio Jlab glofus Julov 5 (Sl o))
& ygmodn Laosls ol Slo) zaoy .l cadagys
Alge o5 5 bogie Ml oo s | slaazy

L Cnidg g J S blas Jols Slage Slaalic e
A by slolsale glaools . ailw & 8o
Sl g VEY LY sl L

S0 go-ds L il ime St anaiy s e
2555 J2) SIS ns5 sloosls bl 5 Vildeer
i) «(SRTM 5l e Yo 2509 L el
U3 SV I ) R P RN LU PR O W1
(el oy

as bo,e aledbl Jolis 550 Jlse slaools

70

o gy 9 Olgo —F
2 e Dbl 23 byl Baa b aegh ol
ailaie 1o 5L 5o aly) by s S2_.Ss
PCTNUIPRE: Y JC SO IO W E S YR [P PRV IR C WS
ol 55 el 08,5 soliil (GIS) Ll iz oMb
5o o3log; sl KinSs 45 by po slaosls layl Ll
O = Foe Jslse 4y bgye (slmosls 5 it
Joce 5l eolai ol b ¢ s 330 (531053 5 (5,5] e
S 5 Jelse Gl e LS (5l 8 s
2 Jeol @l walye ot o adg) bolas
b ganaiyy gleaid as 612 GIS Lo
oolaiwlo g0 (slwosls alos .ad 3 18 colanwls ge
GIS) oLl Sledbl pivw ;o Lidgh (pl ;o
ol o g b3l ATCGIS l53le 5 5l eolizul |
gl byl Sew; 2Ll ln (At la i,
o Jlod g, e 95 ol 5o Ll eo)ls 5525
g g Sl ity Sl 13 Ve 4 g3
15 ahlS ol sLaosls Jylos o Lls o
loodls sln 35 clio g s Gble plulis
Vb Jloxt b @bl 5350 j5bar (o9, cnl o9z ge
9E- 42y by uiS o glulid |; (SuSh g3
cllans g0 4 ilaie gl 35> 9a sLmosls uale
S S, i) 6l i el
O Dlsl8 s ko cfgnzmays g alg) boglas
J—lo (sl olasel JB 5 (e (oS g, S
S s St 53 (oades A gl bglas CuSh
Lal Sl glacslon; ool (Gl (¥l g S
S S50 sy bl QLA L Jao (pl 085 (o
wlazel b5 5 530 Sl 50,5 wald g e Lolse
Slogomai L a8 (o0 SaS (b oS s 9 Ol ke 4
9 0SSl gl bghas Cg paw a0 ¢ paslals]
G5 [V F]asS 65 ol IS0 oly> 590 5
bobs (SoSs gl alad b)) pshieay yol>
ol ez lead it adlaie jo LS g o
sl R S Jlow Jos 5l o e bl


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

== VY] &) (Vakl,
(Makul,y 4o

plios) (oo Slol 21

plies, & bgye Slgly3ofi

Sl 2 Jgoz ) laSlglys S slaasn =
Sodie Glas e (gl (nl edyb o b Az,
Madal) b 575 (o Slold Wl 21, Syl
2,5 dwlxe
AT a0 (Nakl,
oS e 39V L lp (oo SlglE G5 e
Vool ail ooy O jpoa ol slalade

fi=mixn

Dy dnle>
AAkngQ?xlanbegA%JjoJG‘Jb)o
dwle (Vadal, & jg0as Slgl,é s il AB 4

D95 50
R=% [P g po) (P,
(Ml 4o

Sl el IS G 0 ey dlas ) Jlgl 3 A e

Jele

ashio S 10 oagay olas, gl 3B =
3ol Jae sl Slgly8 Cas sl Calal poe I
IS an Lallas Lzl g8 5l oolaiw! b YU alay,
90 oy 2 (Flakai,

AR AA AB
- (A)2_|_(B)Z ([ r]&]é)() 1)

AR =R. /(AATA)Z + (%)2 [771] a= o) (B)akal,

oy A bl pae Ly lgl )8 s a g5

D30 5 o CaS 90 Cnd izl a8 (SR>
ol jop Comhad pae b loceeS ol 51 G po a8 s

7S pale o )LJ doosls Julow ;o pogde ol axil

3 Distribution of Frequency Ratio with Uncertainty

79

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

eSS Fhe Jalye plo g ae bl
G295 (=l 53 (s p )90 Jelge Cunl dlg) bglas
Olesl—w 51 Sl a¥) 4 J505 sl oSl e
slaosls (bl 1) s Senitig B ((olid (s
ol ) B (Sl Slaaline 5 slo)lsale
((BLS gy g (oalidiims) o S 058 sloosls
gl Cannd Jota Y-F

slad-)lal (g, SO (Hlglp Coas Jelos Jas
) oy S& g9y (e bl bl sln a5 cul
A Jeloe g (g Lol S0Ss (g )l
sl oyl ol 2 ke ol ool 355 co o0l ]
(Pl dilaie Sy 4 gy Oy £ads Jlaiml a5
o S aklaio )1 55 0oy oF e85 sl L
ol 5 sl s Sl Jas glyzl Jlpen 5,10
goail  SLMbl glaay ags Jolos Ghagh
o ks (S5 8 e 50 oy
g et (Gaidig A ad 5 Syl

03 093> Ly 03, (ygt 3 Jlade ja sla ]SS slas 4
8 58 i 5o ke (nl S e S5l
CBo 0,00 0929 00, g 4T > o Wb 0,F s
Dedid Lo 00, 90 y0 ol ie S 4 S 5, S
Ar oy e sl p Slol 3 (gt oo ol Snla
lgl 3 ogm aales (M) Olasliv Ly abges slass b
s sl ST aims e plisfi L1, ol es, 4 b e
=gl 3 (S i L ilgl 8 ae d | 00,
O il Hlie Ol oe ] 058 o0 Jolo € o
Sl sl ol Gioled 58 (s ,0 O g0 |
Ll el gora Ve o) i Jol> ol
100, cmmd Sl9ly8 4y bogy o sles ols ylis 1 ceodle
o Lle Shelhs s slass STOY] cwlhi &)g04 ol
tlons 05 Liales gl ol LS N L1, g5 Joar
DY] 2d5 Ses Mak, 5l Glsices (oo Sl

! Frequency
2 Relative Frequency


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

ol il 3l laen yielyb LTl sligy h>0 o
Gl 2 535 b Syl el IS & K() @
eSS )3 o3l aladi (o eSS e prd A5
Voo J5,5 S o &S Lie X abaiis o JK>

£G5Sl & S Jal g, S5 e
1)1, q < "-.)1955/\ o ‘V - ‘5&
= st s i g 8 sl Slns
lp By &b Sl s )la Slaslre Sanzey
el 350,90 uosd dladl ;2 5 ools aladi o
2l B alogr Saums 4 (S (S
ol abaly a8 sl saoslazul S b, bl
wibise RS grb 4

[TF az ) Makal,

1 1
k(u) = —e 2%

V21T
iyl (Madasl,y o
Xi ool alais X et ol (s alold uzx;lxi .

S o sl Jlep h wil sl 4 eS|
el (el 00,50 L) pisace e
. . M 1
e 45 Cl (g5l Jla i Jale SG oyl ="
ASLY LRl B el LRSS e
1
] @wjlf (':bb (51"0‘ A ‘u,u.?u U"‘ e_Euz °
3 aS cul o Lite JS1b lalgSs sl ool
L e sty 5 ooy o0 055 Hlade (i3S Ta> 4y u=0

3 bandwidth

4 kernel function
> Gaussian

¢ Epanechnikov
7 Uniform

8 Triangular

¢ Quartic

7V

Cxdad sac aS Cewl g Sloj 059 9 0l 015

Db (6 5lw Jde saddwlre glaas jo

S Jloy @55 5190 2 B s A ST o000 cnl jo

Ailed G (Plakl) 51w wanles

A7 a0 (F)akal,
A~N(uA.c?).B~N(uB.c3).

syl (Pakaly jo

A A CoaS
G il Jy oF m
CeaS o B ® B ool
B A oS il )l OF

A -
Jby @y o LS sba R = g s 259 o5

Sy Jloy piie 90 Connd 2355 51 aSLy w09 daless
Lol el oazmy Judow & g0 &9 o) S e

o L, b goas o by, L ol Ol o
o,5

JisS o515 Jakoi ¥

oS sl 6yl U by o B)S o515 el
ol sl 3ol peiie 5 Jlazo Sz
2 KDE ;K500 )Licds 0game 00ls acgaze S
e S5 olul g sladads slaosls (g5lulaen (gl
alais G 50 (0 ol oyl Slo s aseh 5l dlwge
awlze (V)alal, &g way KDE 5l solawl Ly X
P s

(A ez ) (V)akas,

n

EE Y ()=

i=0

(Va0
Ll oolo bla slossn @

sl 00ls alads el i lude Xi @

! Probability Density Function - PDF
2 Kernel Density Estimation - KDE


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

RENCAIPRIR

2300 IS s sl J55 b ) oolitl L
23— e draloee (Vatal, Loy X alais S

0= Go () - () e
=0

yobd i il S5 slrools acgasms (g9,
el Sllne S L3l 5,5 o515 Julo bl
oS dlore w9 95 sl ¢ b5 ol
2 Syl yglae Ly s yse bl o JBs
Sz ol J5,5 a5 eoliul U ools alais
GalS 4z B jsbay 1) (Soazey Gl wiilg o
DO

2 bad (ygmw )5, -F-F

adg) bghs  SaSd osuny olas conle 4 axg5 b
slodos jloslial (ol 3o Jalse S 595 5
29 Felee 5 cde Ly, Ll gl (olad (g0 S,
slaJae ol (5908 S la Sily 285 )l
3 2 ol g e i we K0S 5l laslie
A yomie S 0gd oo Al el Hlad sleosls 5 )5e
9y oml 3103, e oad bl 5 LISL sl S )01
LMl | (gaies 4o 5 Cudgie (pl g ade gl
&l S cl g)lal by, ST olad (gam S
g 09 o oolainl Sl srosls Jdxi g (g5le Jue
a8,5 b o Slaalie o' olad Sily ol 5o
WS e 20 &S (Jgene g S ) U 09 oo

2 Spatial Regression
3 Spatial Dependence

A

l(xi+x

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

Sl 1 sSS (e S (oslS S b S
4 7S e 5l pad H9o b atwga Hebods 9 a0 095
4S5 dgbioe el (Fhg nl 05 0 o yho Coow
30 (6 i (339 eyt adnll dy SG0 5 0ol bl

) [P e o) (Valas,

Ol 48 Sl (Sl el S asil sl
oy WS (o0 S5 ) JB (et 5lu)lgen
alozjlols o5y aily sl Sl sl alise
03 5 Beyghes S wiile) (il (il 3
i, bel ko) sl e sl bs, 5 (IS
Yoo aily slagy il Slomlona syl ( Jlie
Sz p Loiites g Sonl (5l Sy 4l 00 S
L By JCORWES
N oLl 6l zly gy o 0,108 o il ks
T am sS S ln a9 ceol o poles (538

109 0 dpwle 3

([rA gz, () )ak,
1/5
~ 1.066n"1/>

:m)lo () )alaly o

h= (L?S)
3n
il e bools gldiged jlixe Bl G 0

3 ST sleaids sls! sl el KDE GIS o
L clbola dap,> Condae aiile) slakais slaosls
Nl ool )0 0g-d s colaiul (2LS slaaiss
aids gl J Sy slai M g cewl ools blas slass
M sl YL zo-29 o a2ds 1ol (25,5
arg B Slwlxe anje 5 0l F)5 b Wl oo
Sl slailoaige (Jodo ren 4 09 walss
i 55 w15 el plol (sl GIS sl fle 5 55

! Silverman's Rule of Thumb


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

2ol UL oS o S o) Siagy 4
sdasin glas 5l g 0 S Llad oy 5> sla Jud=s
L 519—0-’-4 lad r—’l’ Joe anles 6 el (5 138
05_..4‘54 00} UM Yu.ﬁl.....u ).SLA} U"’ﬁ) )l oolazw!
e gligSa | B g p slo el polie ¢ bs; ol
SSlas (8ly sloools sanlice Jloisl a5 WS o
(olad glas Joo oS Jb> 10 S o Jow (Y) ey
aS oyl ol ey (Sws Jas 50 ol fam ol
ails 892y Jow 5l i plaS o Slad Sl
Sl SO olad L3l Jos ot jsbas ol
Lo a4 S ol ‘;LAB 6[{&00‘& J..\lm 6‘;! M)J.B
G G=5 sebar |y byt (il 5 00 S Sl
sloggesl sl (oldd (g5, 25l i
(o393 E95 9 3929 (et (Sl (martd
UJ‘ Sl )‘0)9_‘5).3 ‘_;)Yla g.,\.uo.tbl )‘ laosls ) G&A
O3S ) S el £95 Sl Az g 4 bagyges]
DS o SWST (SEM) LT (SLM) Las
i sl (Moran's 1) 1 ol 9o 0,lol @
&390 Amnly e ;o Sl M"ﬁ"
slooasleadl fioran g (g) bohs  SS
Slacie o soliiwl 6T o)lyg0 okl 51 OLS Jow
Ciio polie g ol piio V4 B V= o 0l ol

G LS (Kiudly 5 (ganadism oaumaylis

! Specification Error

2 Maximum Likelihood Estimation - MLE
3 Spatial Lag Model

4 Spatial Error Model

719

d)‘j JJ._A)Q ‘) )5l_?nn .‘QLKL: k)"—“bL"’)‘s .LSLSA d)
sl prio (Joo pl Ho ( olad J...>b Jae o5l o0
38 Aialy yuiie polie f._;i.; S Sl ddlaie le

(O V)akal) 5 o )5 aslocan 3blos

y=pWy+Xp+e O V)abay,

:M)lo O Vadasly 5o
S| aliSro u&a n I 4.»....."9 )M )JQLD.O )‘éﬁ Y
(Gl Slaalice slasws N)

O N 5o Jiies sla e polie Lo X
el calisa

el e (5l yuite ol oy B

P G PRI I L @L,as)ob o P
s e bt 1y las

O Releor Ly a5 Ceul (5La3 059 e Sle W
S e gy | Lo

151 pal sl il e bbb Jls, Wy
SlaplSe o aly jowie polie (559 (eSle
a3 oo plas 1) e y2 dluen

Lol Uaz s o€

I, Laosls olas sl (W) oLas o) o yile
039 sl ol IWI maie 0 0S8 (o (s
ST o e s |y olSe s LS o bL3 |
i Hlaie Wij wiil alvon j o 1 sla S
simo L Wi By ol a8 50 . 2uBls walss
olmes Gy sl GilSe la by, o wale>
W) sl—ad 39 (o yls taLox 3l 1o 59>y
i Ygoss g Canl calisee bl e bL3 | oaias sles
Lo g (oS abold (09390 O jglome sl )lone (ol

a8 (g )55 0D WaleS drulre S i b e


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

aS aed e bt ol ol als ol Ll
S S) Ay ey Il Sl (Sl
S 50 (NSl £9-85 59l 3929 (adg) by las-
5 e olin 3 Ua K b s sai
25

Gb.f;u ub.bl:u ‘SLD)L:.'.O —_0-¥

bl g datedny o ya ey eumniiig B el Jolis
S50 ddhis ;0 3LS g ci alg) bgls 6;,._13‘%]
T 4 oS o aS wilaid 313 ) 0 50 dalllas
gy —1—O—F

slao] Agym ilo 3l AL ey Gy )3
S5l s B ee jo 1) LS g s ady) bglas
& ddos Pl s oo )18 SoaSls 5 lbals
L Gblie jo (Knsd ¢ dunlio b oSt Jlgl,3
o0y ol b ol 4 caniig B Cilitie Sl o
@l 1y oo Sledbl (J o ol oS o S
aiile) il Sy loladl 35sl g byl e
Gl g Sy0 g (adg) bgtas a5
aii dslllae ol 008 e el 8 SlS
35 S S gy ool L (e iy
Gk 5l Gy 8 glmosly .o a3 GIS e
S Sl Jdos b s g )slaer Slowe Slaslin
9 (eilaw V) ol aulre Ly Joo B0
oS s o)l el 0 5 ,e8) il
mls op Al b o (pedD g calio CE saiao yLiS
gl a3l Seilop b (558 pe gblie ol las
S oo )b ) niis B i (Seei )
obis YL il )ly (s)lo paiges bl 5l 90 bl
() Js) wols

Yo

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

o polie g (G035 b jo alin yolas)
e (LS (SKimly 9 (SaiSTn oaimolis
ol (SG03 slo S jo wglaie polas)

ot 2led (Sendgd pasis glagse;l o
Foore Sl o Sl (905 Joo 121 5
—aseid Loy ol 5l lacgame (OLS)
S gesS 5 slogysesl Jolis olad (5 S
7= S sl OS5 5 @ladd 2 S &)
58 Lo iy SEM Las , 0 b
Lo 4 Loyse)] oygl s aloxil SLM e T(Robust)
Sl 355 PO (S s 5 S 0 S
e (Laousilagdly ;o by dily i ,3) olad
SEM L SLM _,Lid o plaS ez 4o 5 ol
el gl aslllas 3,50 sloosls (gl

oS el conlin Sy Joo opl i olid 56 Joo @
S92y wimmmnly yie )0 (ot (Siuandg>
50 Aoly e Jlade (S0 Ohle @ all ails
3 e plod polie an (ol (LS S
¢ SLM G sl iy yslome (sl LS
Sl dly e )3 (S (Snnly (le e

Sl vl Gboy Jow o) glad slas Joo @
clalhs) bosilaydl 5 olis Sivansys o5
Al e (0 45 g il Al gz (Jow
3 S5 (Sl gl Jos SEM Go o
Jolse 505 oamayLis a5 cul Jao slallas
aS Sl g puSoslail glaz b Jow 5l oo B
1S (glads a5 LS o

S olosl jl(ansis slagse;l @bs wlal

g ylo ime SEL o)l g 54 )5 e SLM o Lol

Jlos sl aige Jos Oy 4 olad o3 b e


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

N
W$E
=]
§ S
1=
2
L]
S s i bl
E llans g 03 5nkoee
uy . 2, ef : . fr e
dibio o 5yt (S iy i
g
B -
)
=
=
=]
=]
-+
i
"
o 0 40
§ KM
=
w
el
300000 330000 360000 390000

uMo,p&thgpémwMY JS.&

6‘0)‘5—@L—A C;iju 9 &JW 6L‘°°Li1*‘“-?.‘) u"’)L’
3 e Sl 0aBa i (a0 ¢, S8 L GPM
L ArcGIS 10.8 Loy e jo Loaa¥ (g3lwa > LSS

yowy 4 bas g UTM Zone 39N, 5-a8 i
L WLC) jlogyss (oas oS 5 (g, 5l e YoxVe
Vo B el ) AHP (B, 4 Jslse (2305
Fhs S e el add as lp ()
oo ay ahi AO L i oo Lol colaiul
) Jomo cwlin &85 (¢ AY) ROC a3l 5 5o,

A JS2) 338 o 923l

Vi

3 rmn ~Y-0-F

2 gl gamb Dbl 5l (S Glsieds (Gh5s e
e Old Wlgh oo ol 9 SliwnsS 3bl
A4S oauy ol ol ansls I8 g cas ag) bglas
e Wyl sla Syl aule bl Jelge Lo
P Gibey o 25 aiile Sludl Jalse 5 ey 03
e Slgi o B30 £ et slajlugiSle
o i sl lgd bolas S0 a5 4 a4
olos 095 Loy (XSt Cules)d 5 (oied 5 (S5
5155 s e el Gy S lsieas wEunSs Jyld ¢ 5
by los SaSs oyl e 550 (lie bl
s caidig 4iE A e, [V VIS LS g
o=l o eabalslyl s ey e ands i e
LgLJbodb J—oL.w oo Nz Lgl.ﬁsod‘d M L axdlas
(S S0 slosl 5 cud Sz ioad) (g8 90
ALOS PALSAR (5,26 \Y,0 ¢Lis,| o535, Jos
(_gl.mo\)‘é 9 (\ Neveos qu..a.A) QSM"L"M"&)’“Q) C;LQOO‘\)


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

)l 4
ST
: 3 g caii alg) bghas Conss
—— A emaghm
l:l Aallnad ) o 52 gina
g Al (3 ) ol Al AL
2 B e
Bl -
-
-
5 O
N
g 0 S 40
g 1KM
300000 330000 360000 390000
axdllao 090 dilaio 53 (038 (a0 ) E989 (Gagg Al Y S
e ks Jolos (g 5 e aghS VXY i o Ay -Y-0-f

adily slas) (Fub bl Jole o yiian (29 (39 b
oS ) s WS iy yo ol ald g colaiul
oo b oslaiwl (Vb by YU cawgio (o8
AL dle g (Fo )l slaolys, b aglie b 4l
Al 1) Jow YL cds a5 <d )3 plxl (+,A0) ROC
35 0 9 eoled e Glojlw 5l vesls a S .0

((F)JS8) Wloas 3z g5 (5, K05,

! FAHP

\As

Slwools () L eSS (Sl 25 Jlos
adil; iU alg) bghas  SuSs 5 anndS gladl3;
ol sla s DAl asS o b, (SnSs o,
AU FoS alily (Sealus coale Jolts Jolos
Lo illa cplogzl .ol S3o Jolse (Souzmn 5 o]
Copie sl |y el Sledlbl (Jolos o
a9 9S oo ool 8 S all; Gble o dlg) bslas
DS e S5 Ll 5l 6T slr 5 (Sl Soe
=l L aslllae ol o cadadll o) J ey Jas ands
o spPos ) sesls Joli arcesis sbaosls
Gl Jlw 00 0 ¥ (555 b laoj e Jols)
Sleslw V¥0 v v slaa i ) Jlsd sla oS
Slwaz bS5l ey Sl oadiangs (ol e
ko UTM 95 s L GIS Laos )5 oy


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

N
A
w —E
-
g s
S
2
2
GLS e Ciy) bl
|:| Callans s p 03 sulons
- . oy drny g A

diaio o g0 (Sl gy LT
g
: -
L]

e
°
g
5
Ll
=3 0 40
§ KM
E
7
3

T

300000 330000 360000 390000

axfllo o yg0 ddbain j0 0 o) (GvAihy Akl :F L

Ny 4S8 5 158 oolinuls g 55 pldd s S
Sygo 4 Jdo ol 50 eolaiul 0,90 Jue (g3l ooly
el oad o0l isles () USS & ylsld jo 4o

anfllzs gla oals ags

S g Jowo gilwesly -0
e Jelse aads Julow jslateds imghy ol 4o
Jlos g,y g odle 5 5 i alg) bglas KK
5 J=,5 o5 Jdow sla g, (=gl 8 s

S T
Lo e - ‘ SlA D s ‘
Shoms e EREESENT ‘
O S ot ‘
Las
lin ol ! el L3
SLM | fste s
. algia WS
Bl 05 5 e Sl
Sl e :
| 3 6):?".':5
Silslgri, -

Gudiond 50 oolaiw! 090 Juo Wyl old i Sl

v


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

S 0loj Jlm 9 0Ly zsbw an )5 Jeily
V)t 5 Glas, V) e Ve s 5 an (gl
215 oo 0 kit g 668Nl koo RS (Bl
Sk @ble o by Gglite &b 5l U
28l (aamme Gla i (oreod

sl oylas dPakaly olol 2 Slsl 3 Cand Slowlns
4 by e (4,0 0) e s ol lade o iy oS
el (a5 YY) o) Canniig 3 sl b 3blis
§ gy DAy poianne ddaoly b oaze S
(Jolie o o)l Slyeen Laaty S8t Jloxs!
S (7S Camitin 8 05 s Joiliy b 3blis
pae asels las |y (las, # gl -, FY) Sl
4S5, aul (@) alal, 5l oolil b Slaslrs coalad
S0 L3 (L0%) Jed BB o o mls sl

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

Joiz! 2ol 6l o Slol8 Jelos 05 o
aslacsy o bl ) g (S5 658
A oola ! aore Sl bl s 51 WS a0 o
S @ 4 e 9 Sty B il slaesls
9 0D (315l 0l cansgio (o o5 Hlean)
5 (A) (KuSis laolos ) slaes (WIS, (6l o

(M) J992) 3385 e (B) ailaie JS' coline
(akay, 51 oolizul U sociplosl Slowlo obul
L gblae ;0 a5 aas oo (LaS gl (o 1512
ol S (Bl V) o5 sl W35 iy
L bl jo jlose ol crwl soiawlxe +,0Y
FY Gl 2 VP) 05 Jlabe mSlas ay oS Jeuilsy
2 b3 e ) YL easasLas aS ey e (a3
oL S vl az gl ol Gblo )l

250 o il b 308 g o O blbo slaarY g Slald Com (S Oledbl ) Jou

& lwlro 40Y Slb W

das  olaws

AJ,J s’.. s & &‘3‘)5 - ’ .

5 ol Sy

W oo o5 VY

bl

o5 ity

1 G -Iv$

bgie Joily

a3l

YA S 10

by Jemily

Y R Ao

8b5 sl Joiliy

) oo IS o)

P e

5 S ¥y

oS Sty

A S oJePY

bgie Jouily

¥a oA b5 <[+ A¥

by Jemily

vY s8I AN

8b5 sl Joiliy

Y§ oA b5 <IYV¥

P e

Y¥ N ¥

£Y sy 25 <YV

bogle Jomdly

14 o 4,155 l-¥

3SR

by Jemily

Y o..\.»u.:)‘)f o[+Y

9839 Jemiliy b Sbolio | 939 Jomiliy b Glolio | £989 Jomiliy L
cotig i

oy Sl emsily

\ o..\.»u.:)‘)f ol

J._)‘y‘é_a LJL’ U"‘ Sl 0dod Lo pS u.u)xju.ut)
s b b e Jelse plo 556 sammspylas
Jemily b bl jo ol bl (pl yo alg) bylas

Vi

(Matal)) oowd S5l 2 @55 Jolod 5l Jol> s
Slgl P Camad i Ul GBS A sl L

Jnslis b blie ;o (slas, Y (gl YY)  Susis


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

Sere Gl L) il sligy Gpund 0l dsloes (1.06
55 g Leools pmd 35 a3 casmo s (V- PR
o515 At g5l lgen Gline p QLU AL slgy
S slmools (85, ;o 55 o515 Jelos o
stz 38 ped eplarlunzrs ailais )0 alg) byl
3l o 5] dilate oy o 5o 1) @y 0l
5 Slabgd s3I Ebs abati S lgieas 4l ol
Sl a5 I s wons oLl by Kiusls 55 eie
S L (Sl g alils (5068 Sossly (>le
L3S 0 cpl bl oo oo ) badlg) s slacal jo
030wy A g (B ey Cannig B i lalge
slo,laobl e Gl Jloisl oy jo
S adgd by oz g pinanl (l3dl ol e
(A 5 (V) (P sla JSs) wiS oo o 1) adu ol

slade Jlao p (Slsl 3 S (B30 e 0l loa
pae Jdow il ody (oY gl v ,0 V) 095
1) Slele @YU 85 (F) alall, 51 ooliil b copnlad
bl U sy S lsmisans J5,8 o1 Jolos
S8 LA (SLSe g jgi (e (sl el a3
w88 S & leboisas dilite s dly) Lyt
1 (PDF) Jloisl JLSz o5 e b g, oo
o, sla SinSs glalais slaosls oLl
(Hotspots) gls blas sluliss ol (Y- 10-Y- YY)
Gl il se w0l 3 |y (oS glasgs slasSll
U 31 gl Lgkas sla St e o515 ol
03l ATCGIS Loy e y3 (Matal,) owslS b5
Oopsk 08 leslil Ls(h) ol (sl o
0% ) Laosls jLine Gblyoul Lulul 1 g () +)akal))

N
I
w E
F S
| J
]
: N
S
2 )
£ q S
g
3
S
3
‘} 2
} :
S
o 3
S 2
S 7
S £
3
“ %
300000 350000 400000
— g o Lpls
=
§ ) delllae 2950 dikaio
S
£ o Gl Ll s
o 40
KL

320000 340000

360000

axllbuos yg0 allliio 53 J)5 o515 Judond 1050 (e 9 3 9 ci o) bghs (Soouslls 2595 a1 S

Yo


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

N
I
W E
; S
g J Y
: N
b o
£4 S
2
S
2
} 8
1 !
=4
= 5
5 b3
2 bd
S
300000 350000 400000
— I o Lglas
=
5 [ ae/llzo 2 pg0 dibaio
S
g s Conleid &Eéj)}f
0 40
1K

320000 340000

360000

aslllaos ygo dibie 53 555 wSTy7 Jalons 31 Comnidin b g 315 g s alg) bohs Kol a1 g9 e IV S50

N
/]
w E
F N
! sy
e
X [
& S
H
]
2
'“\E: 2
; |
g
S 2
g \{ #
Z
b
300000 350000 400000
— 5 o Lalas
o
H [ efllao 3550 dilalo
S
£ 0 Sl Ll m s
0 40
1KV

320000 340000

360000

asdllans 90 allaio 30 55 o515 Jeloxs 31 B340 ooy 3 35 5 s alg) b (Kt o595 4 1A S

Omly Jleiml g Caniiig ) (YL sl b o aime
G Joo ol b a8l pl ais )5 oo asein a3yl
) o KiuSid £489 50 Camdig B oo Gl &5 (Sl

\'A4

Hoba o a9 )l S S o515 Jelow il
el pols 3blis jo Loyl 55 05 § Lo Suss
@9z e 0 CFA) (SoSl o51)5 e
bl il aS 04 co cdmlive leddors


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

o oSl CoxBgn (380 (o (o Jloix! slallas
by s S0 a5 aims o Glis aazily oyl and
e st 3 bty aallass g0 ailaie 55 4l
Cotis b 059y s le (alibino) Jolse 3l

BN
S5 byl Sl (2ldd Gse S, sl i
25 Hly i 5 (LS (Soandgs
OLS Jae slaosslasily 5 (ady) by los S5
2 Logesl ol @l wb el T olse olel (el

S 00 4.;:‘)1 (Y)J5\.\>

31 eS) sogae ;»-’l—’ b gl Dl pass aS ols
Sl saimslid aS ols oles i cds (10
&b shegls blas 5588 plobs gl cwl Jow
FrogkeS Vo gy wb g L (sl US55

Ll saoolaiwl
a8 55505 o B)S o515 el gl asdls jsbay
9 YU iy L ablis o, La SnSs YL
[P TEIVR UL+ I Ev) BRI WL SIS WWY NI Y S
39 10% Jas cpabd pae ¢ Su L5 sLaosls
9 399 sLaosls slacosgamme 5| L5045 99 o0

S S dg3 sy moran i olol (g0l gl ¥ Jguo

Condy | ‘ o)La—| )\.Aia
_ ) p-valure z-score jlaie : JUesH
P IR YT S sl ohse
TR N feee¥ AN (Asly yuxie) alg) bghs Sl a508
Sl xe 5 Cude ofeee¥ A <IYA OLS Juw ousledl

Ao azg bcwl olad e 3 o Jow 5l colaiu
(RS 6“’&9—*31 (S5 (Kiadg> 3924
cwlio Joo i gl (LM Test) olad een )5,
oo a5l (Y) Jgo ,0 logyge;l ol b ol sl

o ol il saaliie 8 (V) Jsiz 4o a5 jshailen
bylas (Sl 599 adly wite sl T s
(P-,lo =20 99 2 OLS Jos (sloouiledls 5 (aJg)
Sg->g odiddjLis 4F Wiliws Cule gvalue < 0.05)

P9 995 2,0 azgi JB LSk (Siandgs

(LM Tests) (3bad ¢ygumw 5y ol g (yg903] gl ¥ Jou

0903 X2) o,lo] ,lado P-value

Spatial Lag LM Test ANOO RN
Robust Spatial Lag LM Test ZINY <[-\Y¥
Spatial Error LM Test AR <VFYY
Robust Spatial Error LM Test «/AA ARAR

zyo9 4 gls pl (P-value = 0.3220 > 0.05) 54
e 5 Al GG Sensgs a5 s o lid
318 092 (gl by lad (S5 nSh g j95) aialy
Joce Gloe 4 (SLM) slas 35U Jow onlpli
a ol ol ol Qb balg, Sl sl aige
25U 99,90 olas 4 3 SLM Jame oUles Jds

\A%

P-value s!,ls SELYs Lol «(f) Jsoz bt wlul »
s 55 w5 (P-value = 0.0134 < 0.05) ls_cxe
,ls_—=» Robust Spatial Error LM Test o Lol 45

! Robust Spatial Lag LM Test


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

Gl (FJgaz 0 Jow ol mls as 121 SLM g4 5

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

lor Slad slasly o aily i polis
bly, 5l 65 e 5 5380 slas sl an ;e
2Lad oS ) islio Joo i 1 e 058 0

35 g ol algd bl (SonSlls (Sw e 610 (2 ju U (ygumw )5y Joo b :F Jgu

P-value Z oo 3yl s Ryl JuetH

(Std. Error) (Coefficient)
ofen< -¥IsA [eYY AL (Intercept) cubs
o< VAIFE /Y0 Atd (Earthquake)4J3J;
SERRES Y/ “/+Y\ AN (Land Subsidence) couisg,s
SERAES IV O o/ -IY0- iy piie olad 50

s e o3y sboe Lol
R?.0.385
Log-Likelihood: -250.56
AIC: 509.56

wlaon gblie o (SuSo 75 50 cod g2y
o Joled Lo Sl S0 oyle an oyl I3
S50 (NSl 985 9 0yl olad sunddss
Iy Holome Lo LS o (SiwSls £489 Jloixl (S0
o8, o cenl o aidl ol aes o il
bylos Soly> w5 Julod o ol (Sl
WS o oS gl

&390 5 bloly 3l as o YAD l_.u)_b a2 s
55 Sy Jie g sl Lghes S5
AS W oo slad 1) (g lobixe il OLS g )5,
Sgte 9 (SLKe by s po |y olad Jow )5 p
255 Jeloe oy p @ andllae cpl 5l 6,508 Lisw yo
iy o S oSl ) s S5
JOL S SO DS U JOWRCEPE L SRUSPIN
oyl ade) bolas SiuSls 5 (6,lo Sre g Cuio
Gl mine 75U i) a5 >0 (p < 0.01)

VA

ol d 09b e csaliin B)Jgaz j0 &5 jshailen
A5l Se 93 ;e Sty b g i) (slaiie
P-value < ) YU b (5 b e b ;o (5 L]
aeas o lis bgd bt opl aiien s s (0.001
S 58 Senniiy b Jouilly g )y ud Gl L as
sk 4 dg) byl 50 (SuSh g8y Jloio] ilaie
SLas CLFEN) W i il e il (6l e
G algs plo (o9 ol (53 L oS wms e
bolad (SaSd (i il ol j0 02y SO
b Gl asly < PP gt o b 4y Ayl
L oS ol o1 51 (Sb 55 (¢ ¥OV) Caniiig b cnpo
Ol efmniiig 3 ity )3 amly S Al
aemly YOV Laugie job 4y algd bghs  StuSls
Al oo SRl
ol gl Y0 Ll as slas sl co e i
(P-value < YU jlus (5,5 —re aus ;o (5Ll
S58 5l5 299 oaimslis el o 240.001)
(g byl (KinS2) wianly e p (Soloon
5 45 WS oo b o gie 5 Cue g0 () e

Jol el ay ilane SO o alg) bglas  Sausis


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

5 e 55 (p = 0.000000 o+ FEVEFY = )
4S5 S)sbar wijls dlgl bolad (SuSh gl S
roee bl ol 51 2 )0 galy So (8
ady) bglaz (SnS8 50 (295l lidl
95

P= ) o VYVA- = o p8) oyl eej e lile 5o
L sl o—ino alaily aslllas oyl 5o (0.161937
oM g bas olas olis adg) by las  SiuSs
Sl oo 9 SUykas Jelse a5 g ey Sy 2
2L S Il o s adg by s So WS
Sl e a6 )Ll Ll (353 e
S5 P polie 5 el adaily Sz sasplis o
el (bl Cenl sanasLis

b e aw b by (gl ey (DS
Comw 050 a0 o ylid 1) calisee ol yus
loolangy @259 9 ol () Sty b 4 b yo
oLt |y Sty s lides golaw b gblie b
ol sl ) sl a8 Sl yloged w0
aS ol gadee S L wiS e paal A (pe)
o ol b gblie oYU bas Syl gonumaples
S wmledys el () Sl Sl el waw S
obas ) Laadyly ot b Glol 3 gjei Coly Caons

.\.\.Q:kaa

R_SUBSIDENCE

R_LANDSLIDE

0SS rariy 538 (P = 0.162). amo e ol
SOWRR (A WOURCY IS SRS IR R &2

P< F=17.73 )cul s sine S sbas OLS Jow
Iy ainly ysie il ylg 5las,0 Y4,0 4 (0.001
maeis 5L ysasl . (R = 0.295)0 o s
aied Jloy anys8 s bonslosdl a8 was o oles
Olaer il yls 9 (p = 0.091 Jarque-Bera = 4.80)
VIF ,;0lie (p = 0.463 Koenker-BP = 2.57) 4l
B S99 pds oaiddlis a5 Sl YYP 9V, F
shls asdlas cpl doaidly plog>ol ol ol o>
wlbad Ol s OLS Juaw Yol .l placysgaons
et Ll 35 el S o 1) laiie (o Loy o
Lo piio 9ms oo 0L o Sl oy L (s
gl Log o S5y Sl (Se 5 (5550 ot
Ly, OLS Jdoss oyl caods joboay 05,13 50
hady bslas (Sousd g (arme Ol bl o JS
Lo, 5 anb sun] Sldlas Coul 03,5 (asis
or &= (CGWR) oLl i Jsgs o9 S
Lol sl e 5 08 oolil Ly, lad ol s
W50 ke Joe (s D8 dee sl |
Sl (OLS) Jsans Slasye Jilas cy5es 5, Jolos
TS g (e SLbLe e k) (o)
Gty b aS ols L s ol alosl alg) bghs
ad3l; o (p = 0.000000 o+ YOVFYY = (s 5) o)

R_EARTHQUAKE

2 bdd (a5 5 Sl (Slgl 3 qa98 Hloged A S

VA9


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

oy Jleg rmie JS5 L5 6l S s a5 5 psboa
e Gl 3l as g LB Gl oul Lal 00,5 0 055
b e aiile MW tio sumo ) lid el (o
BBl Sy slaosls 3529 b il )l (Sleweal (3
Jloy sz 5l (6993 U pl Sainnd 5550 ol o a5
S92 1) Jae b (owy 2 9 390 B e

3l go

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

ooyl polde Jolie ;o osileudl Jloges o)) i
Ol 1y Ggew Sy Joe lalhas a565 5 conl a8l
polie s glay sasledl 4 S ol was s
A.».»...al.cu J“'Q’“‘“" ‘_gb.v 9 Ao @é‘} 9 o..\.w‘su.’u.u.u
L Joe SO0 ailoas (ol olas lasliwl sl b
o BLbl o Bolas jgbay onilendl ccunlio o3l 5
WS oo §3 Jlo s a)s 5l s sl o 385

Histogram of Standardized Residuals

0.6 4

0.5

o
kS

Probability
o
w

0.2

0.14

0.0 -
-3 -2 -1

sacms s Lisl asile olasSIl sl anils 352
odma3 i (At o)l b S g (s el
lwosls susmo s &y blas g il ly Gluwenals
USSPV N OUR SR SUURRECII S K g0t { LI
=9 Lol e Bolai sogus> U bl oy oo
N JO I I SUNPRCINERUIES IO S T S PR
o5 Laoaslogdl SasS1, coad o i polie
o Sl s (@S jebas b (I
e g Sy Joe slalas oy 5 5L b ol

((VHJKD) 09,00 58

Ao

0
Std. Residuals

Al 031y polie Jilio )3 ouilendly ol )5 gitwed Ve JS

1 2

Gl oad s oy Slade lae [0 suiledl loges
&9 on Bk 3l Oge )T Joe 0 Shes )
oolail 00l m lum polde 4 Connd ronile Bl
looasilodl oaas ) Lis (s990s j3ome 350 50
e 00 (g0 wlde Lallas) suiolasbi!
polie samoylid 88l j5ome g (o lasbil Gl il
wlwlid jlogai ful Ban .col Jow oulds cio i
30 el Looaslesdl o siaibllw slaasy, L oSl
2 olai g bas b lowleydl (JT ooyl Jow S
sl anin (5550 gt 5 2y ST,y o L


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

Residual vs. Predicted Plot

Std. Residuals

1.75 2.00 2.25 2.50 2.75
Predicted

3.00

Random Residuals

a3 (ygumw 35 5 0 Slac ol (S s 10 9 00l O jluiliuw] ouileudl 1o gad 1Y Sl

(p=0.162) ol ;las g bghas S8
Jae sloasil o5 4 gty ol ol s
oS A 55 Cemal (SLM) (ol 5B (e 5
adgd bolas ol bl Julow )0 Gl (Kuensys>
U ol las s a8 jshilen Sjle so aiem
Lyhs S8 oy s (lolins RNO) Siloos
00y 45 0 o dnl el ol el Az g5 LB )
o hoxn elge 4zt By dly) bglas | SinSs
st 3blie 5l s pdy b 5 alad slagSl 5l oSy

S (50 9 5

55855 5 Cenl gy ol @l oIS sbe
3 il g Snniis B oimgan ¢ aome Dbl
35 g o dlgl bglas cy s 5 (b (s yaebi
Loa sl ol oyl aST o lad oo adlhio jo
Lyl S0 5 o6 ollus (2al5 s iilyy e
Sl sloacdbo ) ol (el (Rl s oy
W58 13 olatuls ge

(9B S Jolds ot (g am (g cnl o
U ey Sl 2 gasS 5 5 US55 0515

S g s 4y bghs  SaS  Jawe ol bl

Al

G5 i g Sy —F
el 3 o s 5l ol cawsods bl 4 axgi
45 b (et (gldd g S, 9 S5 o515
bolas (SnSh 50 (oot G e Sl bl
o=l e sl Glediasucs ddlaie jo 58 g s o
el Jslse Dlgmedan il 5 ey Cennin B e le
obeid Slol s cans do gl aials Slulis Hlas
L GHblis 55 (S 8 S s o o
s—ba s (1Y 0) ol ciig B J iy
(+.V8) oS5 a3y Jenily b ablin o (glo latins 8
3 b WSl o 0y Latie e a8l ] oslog
Slojd s b @bl )5 dlg) bglas wglie >0k
Al (el sla i (rezs AT L YL
P Le(KnSs (VL 55 505 55 B)S o515 el
YL Jeily b glojed ploshosonans (pgix (>
J=los ols gl eadly by Lol 5 caniss 8
OEWAPS I NP RORCI K PSELI 3
P) 0,5 b 1, gl bshas St alj5 g ¢
oMS (e (6 A3y ol ul o (o0 >
Sl iine 3L Gislimes el g (SnSa



https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

S s o) gl Lol S ) e ST,
) Jodee 5 e adaly g cl anly o0l by
AU >0 ) aldd (s )T, S ol i
) adg bylas (Sl aljl; 5 Cndig 8 jlobine
iy (R SseS Ail; oS s plas 5 08 anl
ciab Ll gl Jace Ly ba, ool ol 00iiS
Lol caas oo adl)l 550 Jalse 5l (6,5 s Juloo
Sl wiajls 5 Sl i of Glawlee (Soey
Laghs) oml oS 5 cggommayd Cmul Joo 380
d=bo5 5 (e bl pllid 4 plojen Wl oo
s 5D i (6lp Lol S S8 e Ly,
5 shere llyd g ladlg) (b asile Sl Julge

el ()50

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

LI da g, cnl 51 S el oalasd )51
odzmy oy (5l el S yo 084 panie ml
S (o0 o]0

S S S ams e ot sotelnl sla Juls
Y il L bl jo i alg) by las
s—ba g (Y0 (gl E ) ety 8
Cod) o5 a3y ylas L bl jo (sloj ke ue
L Slolyd caud g, ol ool &, (+,VF Slgl,8
s n Gbloe (oS bl Ol 9 12! (Sola
Iy elad sz Lalg,y wilss coi Lol aiS oo ololiss
PS5 e S o515 Jelos R0 e 5l S Lo
2 Gbie Olalwizas 0y 0 | Lo Sinss
ol omby adyly ;a9 YU cniig sble

ooliswl 030 Judoxi (Slosgy walro g bl 3o dun lio aodls 10 Jgu

s blé

@b Ll )

ol Laily, (g5ladoe pae

).Ia} d)L‘*' L_'>‘°5 & ool

Slol B s

e Jlos pas il sl 4 (Sl

b (il gt ol bl slulis

B o515

B8 s oolo 4 5L “_,’_?L:.wl:u ij

b Ly, sjldas (o Jolos

lad g

Rl b ledg, g Oldllas anslio Koo oo
T4 hd a8 o)si Cawds |y 2uls ol Kawgsy

w‘ 0 w‘b).: U‘

30 2 (V) oLlSen 5 6557 gy 5 pol> aslllas
IS g o ady) by s WS S, ob,l 4
Jelss oS 5 Gl s 658 Jae G 5l ol Sen
5 509> wile) SLudl Jalge 5 (W3 aiile) (oaebs
dos o g pl cis,S oolaiwl ((Slles jLid
5 Sy b ad3)) b S ble (g Ll ol
O35 5 9 Hlal S Cand sl yig, b (033 e
90 o el a3l 3503 GIS Lo jo oload
S g 1) Citdg B g ) jlolixe r—’l‘ anllbe
0555 40 ool Sglis Ll caisS o 0l alg) bglas

AP

5 55 o515 s o pgeer @l aslie o
29 Sty otpn G s 0SB 5 (gld S
O35 5 o 09 oo ol b SESCS g3
B3 Kas (g, 99 5l ensloawony Ly, 5 ol
5 Commndig B 4 080 g0 L 5 WIS g0 b (5]
Lo dlgf bl (SiuSi b s s e by 435
s S0 Se JoSe (hgy s (nl @ly s s
72 o b Ol 5L GS a0 Glylp s Sl
b slagSl 55 1515 ol wams on ) ol
LA G )55 Jelod 5 v oo L ) o SSCs
S 5 O jg—odn |y (Jedee g ode Ly,
SIS L il gy (S by 5 e
Slbb b5l gl o)) b5 am ol calio

Sl ools 4l ady) by has S agme


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

GLS g vuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

P PR . W Y PR B-1- I WYX N | P SR KW
DAL 09800 Cgmme s e 4235 2L2D 9o S
OhlSen 5 s Ghgiy gyl aalllas anlia o
)-*-'l—' o 50 0 45 gl 0,Lil (g5 e (Y4 YY)
adgd by lad (Ko )LSo i) Sy b Sl
el by o San ¢ Lit a5 Jl> s ailazslo
Yo L) YU e oy b INSAR atb iy (,5li3 |
Ol s S ool il cniig 8 2 5 b ln e
L) loylgale slaosls Jols (oS5 5 5,505, 5| (Ao
sloosls ¢ Sl Slaalic Lol jen (5o Yo a9
lazet 4 addllae 93 j2 el 03 0y (oolid e
SRSl 5 Ciig B (5 y57me SR 3 90 50 aliee
lmosls 45 iglis ol b cilazil s alg) boglass
wlolids (LSl o) LSas ¢ o aalllae o INSAR
) iy § (ondge slogSl 5 (55 oo s
=S 5 ggim o=l )0 aS Il s s, S a8
ez oszjlr S obul 4 s iz glaosls
aslio ) elmasily sl ond s b3l ol
INSAR sl (58 (slos yslid 4,1 4 o o i
o5l ey e Sl Jronie 85 Wiy oo
s Uy B 3 Ll i Gl s oSty
3,55, Yzaog L slo,lgalse slaosls 4y sgazne
Bl (oo (0L Wl oo SRR (nl (oS S
sLools slial S als 5L Cyeizman dalllas oyl
= e plad gla ol L Slae
) pamee 599 5l o slah) slacasgase
I¥-] a5 s
oo g Yariyan yiagh g pol> asllas awslio b
ol S oo 5l 90 52 S8L s lgiee (V2TT)
ady) Lol jlas b5l sl ol osz)lr plseas
Cala pie e 5,505, 0 Lol ciles,S aaliul
L o, g Yariyan aslas .55 ls owlul glacglas
b pae o Slgl % Cond Jaw 5 (556 Glate 3.4l
(ol IS gl ) ale) LS (glmosls yo 13
W335 S pie (558 Cug—de aly 3k I,

AP

ol ool ls yg0 slaosls £55 9 Sus; g5l o
USRI SN TRTTE SN PRI
Gode Sy lo ol 4 o Fo,95 aile Slles
3okl by rogim ol a8 Jlo o ol cans
sraid ( wlid ey 9 (INSAR) (slo lsale (slaosls
Ol anlie gl el 00,5 adgi |y Sl gunaiy,
Gblie (lolid CollB g 99 0 4z 5145 was
sy 9 (Slasl b (reb Jalse 0 55 509) anlllae
98 ol Gils oo ] ladllae gl .oib Wosls 4
S, 5l s el Gilbw i 4 Wlgiee 9,505,

DYA]ogds e dlg) bglas
(Y- YY) Shahid 4 Al-Abadi ag% g ol axllas
sl el (hy) Olgrear Glglp Cond Joo 5l 9o 0
Lol casilos,S solasl agf bghs g pdscaml b))
Al- o ls bl glamglas eSS sl g, o
S Jdo oS 3 3l 095 aslllas 4o Shahid 4 Abadi
Jleixl L asin o e Stz a5, L Slgl,8
c).uL w‘)_.a Ml.?bc » 05)‘[.4‘- aS el oé; oolazwl
s 1y Laesls olad Sonsgs 5 56 slagSl
Joce 45 0iS o ol anlllas g0 4o 0S5 o Julow
Al-Abadi & aslllae o Lol ol jlasy 3blos
(g ol 40 aS Il o il 00,5 5Ll
Ot S5 by, (58,5 a8 o b aldd (s )S
el Sl (b (35 e 5o )b 5 bl
03,91 pal, 81, 1 las SLidlia ajsi 5l (65 Gaes
Wil adol> £98g Bro Jlio| do i Ban S


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

ol )15 iils o a8 gl b agalae jo (550
el slats, Lal w)ls (6 it (5 iy dllas]
L oS sloosls gl ipgim ol ;o colaiuls se
sl ez 550 50 VL cBs (a it g9
ohgy wlsal as cul 15l (S lbadl wies
30 sloosls ool ulul 5wl Coxlad pue Cy pus

[Y\] b); Q)}@ )’l,,so)}.q Caéba.’a.ujuu)l.uo

[1] Ghaffari, A., & Taklif, A. (2015).
Application of rational model in strategic
decision-making for sustainable production
from South Pars-North Dome joint field: A
conceptual model with emphasis on legal
requirements. Iranian Journal of Energy
Economics, 4(16), 137-180.

[2] Mohebbi Kandsari, E. (1400/2021). The
role of land use change in increasing the
environmental risks of floods in Guilan
Province (Roudsar County). International
Conference on Management, Tourism and
Technology.

[3] Bariha, N., Mishra, .M., & Srivastava, V.C.
(2016). Hazard analysis of failure of
natural gas and petroleum gas pipelines.
Journal of Loss Prevention in the Process
Industries, 40, 217-226.

[4] Azizi, F., Salehi, A., & Ghorbani Nia, Z.
(1401/2022). A review of risk assessment
methods for oil and gas pipeline explosion
and its destructive environmental effects.
Sixth International Conference on Safety
and Health, Tehran.

[5] Masoumi, M., & Ghahramani, H.
(1402/2023). Quantitative risk assessment
of oil leakage from the 35 km pipeline
transferring oil from Mansouri field to
Ahvaz booster by quantitative risk analysis
model and OLGA dynamic software.
Modeling in Engineering, 21(75), 181-191.
doi: 10.22075/jme.2023.28775.2353

[6] Tarafi Alavi, A., Shahraki, F., Sardashti
Birjandi, M.R., & Khalili Pour, M.M.

A

S0 Slelbl (59ld | wdigo — pole oy pdis

1ol Glivli @ g 0 jloud @ @S juuw Jlw

)lel slaby, 5l eoliiul b (hagsy (ol a5 Jl> o
sllas aulre 5 Conlas ol Jold) atd iy
el azB sy Cosdad pae g5l oS A (o laski!
sl b gbass (S 5 Yariyan asllas ;o
Nl adeh oS 5 sla,les 5 550 (led el
sboadlod wlol @l hagh ool jo &5 Jl>yo
Sl lebl sga > 580 Al 5 olad 5Ll
0, S5g, 4> S1as a2 oo plis anglas o) IRV 4

&y
(1402/2023). Consequence assessment and
determination of safe distance in natural
gas pressure reduction station using
PHAST software (Case study: Broumi
station in Ahvaz city). Journal of
Occupational Health, 15(1), 37-57.

[7]1 Muhlbauer, W.K. (2004). Pipeline risk
management manual: Ideas, techniques,
and resources. Gulf  Professional
Publishing.

[8] Kaplan, S., & Garrick, B.J. (1981). On the
quantitative definition of risk. Risk analysis,
1(1), 11-27.

[9] Guo, Y., Meng, X., Wang, D., Meng, T., Liu,
S., & He, R. (2016). Comprehensive risk
evaluation of long-distance oil and gas
transportation pipelines using a fuzzy Petri
net model. Journal of Natural Gas Science
and Engineering, 33, 18-29.

[10] zhang, J., Cai, B., Mulenga, K., Liu, Y., &
Xie, M. (2018). Bayesian network-based
risk analysis methodology: A case of
atmospheric and vacuum distillation unit.
Process Safety and  Environmental
Protection, 117, 660-674.

[11] Omidvar, B., & Kivi, H.K. (2016). Multi-
hazard failure probability analysis of gas
pipelines for earthquake shaking, ground
failure and fire following earthquake.
Natural hazards, 82, 703-720.

[12] Nazeri, S. (1391/2012). The effects of the
economic role of oil on Masjed Soleiman
city. Geographical Information Quarterly
"Sepehr", 21(81), 35-37.


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

LS g cuds gl bgh (5Lol — 3L S0 Julzs

OlySo g 585 pa>y

[13] Guru, B., Seshan, K., & Bera, S. (2017).
Frequency ratio model for groundwater
potential mapping and its sustainable
management in cold desert, India. Journal
of King Saud University-Science, 29(3),
333-347.

[14] Lee, M.J., Kang, J.E., & Jeon, S. (2012,
July). Application of frequency ratio model
and validation for predictive flooded area
susceptibility mapping using GIS. 2012
IEEE international geoscience and remote
sensing symposium (pp. 895-898). IEEE.

[15] He, B., Bai, M., Shi, H., Li, X., Qi, Y., & Li,
Y. (2021). Risk assessment of pipeline
engineering geological disaster based on
GIS and WOE-GA-BP models. Applied
Sciences, 11(21), 99109.

[16] Payab, M., & Sayyaf, H. (1401/2022). The
impact of subsidence on infrastructure and
ways to control these effects. Majlis
Research  Center of the Islamic
Consultative Assembly.

[17] Bayati Khatibi, M., Hassanpour, S., &
Feyzizadeh, B.  (1403/2024).  Risk
assessment of gas pipeline crossing
mountainous areas and investigation of
their threat by slope landslides using
hybrid-fuzzy —algorithms (Case study:
Tehran third pipeline). Quantitative
Geomorphological Researches, 12(4), 128-
149. doi: 10.22034/gmp;j.2024.425714.1465

[18] Guo, Y., et al. (2016). Comprehensive risk
evaluation of long-distance oil and gas
transportation pipelines using a fuzzy Petri
net model. Journal of Natural Gas Science
and Engineering, 33, 18-29.

[19] Al-Abadi, A.M., & Shahid, S. (2022). A
Hybrid Frequency Ratio and Logistic
Regression Model for Assessing Pipeline
Vulnerability to  Natural  Hazards.
Environmental Earth Sciences, 81(4), 1-18.

[20] Liu, Y., et al. (2023). Quantifying the
Impact of Land Subsidence on Oil Pipeline

AD

Integrity Using InSAR and Spatial
Statistics. Remote Sensing of Environment,
285, 113402.

[21]Yariyan, P., et al. (2022). GIS-Based
Spatial Modeling of Oil Pipeline Accidents
Using Fuzzy Logic and Frequency Ratio
Approaches. Science of the Total
Environment, 806, 150584.

[22]Silverman, B. W. (1986). Density estimation
for statistics and data analysis. Chapman
and Hall/CRC.

[23] Fotheringham, A. S., Brunsdon, C., &
Charlton, M. (2000). Quantitative
geography perspectives on spatial data
analysis. SAGE Publications.

[24] Anselin, L. (1988). Spatial econometrics:
Methods and models. Springer Science &
Business Media.

[25] LeSage, J. P.,, & Pace, R. K. (2009).
Introduction to spatial econometrics. CRC
Press.

[26] Montgomery, D. C., Peck, E. A., & Vining,
G. G. (2012). Introduction to linear
regression analysis. John Wiley & Sons.


https://jgit.kntu.ac.ir/article-1-980-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-07 ]

Journal of Geospatial Information Technology

Vol.13, No.2, Summer 2025

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Spatial-Statistical Analysis of Oil and Gas Pipelines Using the
Frequency Ratio Model To Assess Environmental Hazard Exposure

Rahim Nazari !, Mostafa Kabolizadeh 2*, Kazem Rangzan 3

1- Ph.D. Student in Remote Sensing and GIS, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
2- Associate Professor, Department of Remote Sensing and GIS, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
3- Professor, Department of Remote Sensing and GIS, Shahid Chamran University of Ahvaz, Ahvaz, Iran.

Abstract

The oil and gas industry, as the lifeblood of the economy, has always faced the challenge of pipeline risk
management. Although numerous studies have assessed the environmental hazards, the simultaneous spatial-
statistical analysis of multiple environmental risks using quantitative methods in Iran's oil-rich regions has
received less attention. This study employed three analytical methods: Relative Frequency Analysis (RFA),
Kernel Density Estimation (KDE), and Spatial Regression.The Relative Frequency Analysis revealed that the
highest proportion of pipeline fractures has occurred in areas with high land subsidence potential (0.305) and
low earthquake risk (0.76). The Gaussian-based Kernel Density Analysis identified fracture hotspots in
southern Masjed Soleyman, overlapping with subsidence-prone zones. In the KDE analysis, 68% of fractures
were concentrated in the southern regions of Masjed Soleyman, with an optimal bandwidth of 1.06 km
(calculated using Silverman’s method) and a model uncertainty of +5%. The Spatial Regression results
indicated a significant impact of earthquakes (coefficient: 0.461, p < 0.01) and land subsidence (coefficient:
0.357, p < 0.01) on pipeline fractures. The model's coefficient of determination (R2) was 0.295, the F-statistic
was 17.73 (p < 0.001), and VIF values ranged between 1.04 and 2.36 (indicating no severe multicollinearity).
The findings demonstrate that land subsidence and earthquakes are among the most critical threats to pipelines
in the region. The results can serve as an effective tool for pipeline planning, design, and management, helping
to mitigate the environmental hazard-related damages. By integrating the spatial-statistical methods, this study
provides a comprehensive framework for pipeline risk assessment, that is used in decision-making in oil-rich

regions.
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