17 )LQ_I A b)w 5” dla“él).'é' dl.ibu-wbs)a

YW-4e . a

2997 Juo 31 ool by b 3 a0 ) Eg99 slad (suiudigy
(S5l v 515 slud el 350 590 Gaxliae)

Oyt oKl (Ll goaSials sliwl = * Laude panly
Ol olStsly bl (gouSily (59l gdy90 955 (518> grmiils - (65 e (5,81 olr
s oKsls Ll (ouSily ¢ pulispaldl (6183 (sopmitily = 3, yio allo

WYYz ol b WAL ALY sl )5l

[XWES

Sl i GbLie ddon 5l il 9 (28l pAe bl o Jdas (258l (w551
b YL Jomuily 5 Cmmon (VL 05155 @ b9 bl o1l 53 (o380 e 3108
e ol shd Sy pde Ban b (55 e Jlad Blad ) (Gaiudieg (g (n! )3 aub
Sad 5 iadiog )3 (901 e (25l (ot ol I Bad Cawl 413,55 1 (il s o]
Jalse 51 Sy g 53l (l3e0 CELd g (580cm phb (Saaiay Sad (g4 (3o
2,8l A1)l &yt Culedyd & Sl jlud a8l p3 558 e E9B9 ) W
SLRURg; 5 i )3 g (B3 () EBy S I dllaie (A Co pe
By 33 5550 Jolgs (pt 5 ek ComnnS . Caww! B 83w! 39 55T Jiho g (§1aILLS ¢ Slwo
ot il (g 5 aduube (cud o 9 ol 1 a1 dhold (559993) (959 om0
plosl adiliio (4553 (o) pad (gnaigy GIS bumo 43 5 dwlos Jolge (il (5152 (29,55
Sad gyl oo 3591 55 (oigtae ()L (9,01 o o5 83 o0 (LS g d
(ot e o 3500 ¢S50 9 o S (S 1 ol il (£ WS )1 g 3,15 (538 (o0
Mad y ybid ) (g s jts aalllan 3 y5m0 (Gahrie T Id (W3R oo B0y g3 1y i
93Lj bd (lie L la s o2 ool Conlunn 1203 QA 5 395000 jlowdias (553 (e
axdllae 390 (gadlaio 53 0,ble (I b (als (Gablio sl (o prte 1oy, ol bilwghe
alaio (p0338) o o (iR Qi GaRS (W1 3,5 i pis diwd 93 @ Bl |,
a5 Bl gandle (5 eglS Y I oS Juolgd )5 (Jlpee S 5 555k
Sliles 51 g pSale (& WS 105 Gy Bl (5 yiog kS V gabold ;5 o5 Sl
Jolse olgeany ¢ puaadl (glaasiols 5 (513550l Olles ol § (5510 o5 S

(3 e B ) OIS 84 e

g preto i 5 7] Juto s i e iy e Lyt U s sy oo s

E-mail: moghimi_ir@yahoo.com SATFYAYVA. : ghuo o b g *



RN g VA 5ylesd orub (5Ll i (sla sbing vA

o

doddo
551y 550 €S o351 o8 e 938 agT ) VAT iS5 Lgl) ol (5551 i 13 (95T
oy (VED e A T St 5 i) sl s S > sobiis (6ol (a5 A8 o (s pS0)l
2y oo i 8l aSLa YTV ¥V T ab) ol i S5 53 ealii g 51 o sline S 95T
5 e O ealiio 1 (oS slimets T caoMs pobas (BY eV Tyl 5 S0 pi) am e ol Laee
O e oLl 51 (S (YPA Y8 S lg) ol e 390 ilise slaggdge 13 oS pSmeenal b gl
Slblsw glosl iy 0 pigal g pigls Sludl lakeoe (5))] 5 Chdse )y 82,008 S5805855055
wels a6l Jlesl 4 5 (Sodsbygegss bl (FYY Y+ oF Caliding) ol S 90555
380 amd ¢ pascie Slej slanygd 5 (Siir b e gyel8 3 Cal Kan o 50 45 (Sajolodigests
L) ol sl ($lmr (Sa3ud laoma 53 39290 y3l o) polie lgisds b s psde cul 3 (A Y- oF
sauia JSSa Gl Shlud cage dlon (b sodes Shbbr I (S plgisds (3300 (VAN Y
20 5 sl Sl 56 53 (£3b5 G 53 mej Blayd 295 oo il Bblio 5 it o g oritans
gazaS OIS elsly i)l 5l slojen 5> g bl g Glaled da S 5 @lhe 55 ¢l yrogiS s
2 JLy 33ks 00 ol 3 glodgs GlacS o | (b Slylud pres ] 598 lig b (SL i8S e
oS ol s aating g G5 dsts (55 (S22 85 5 Rlwlis (VY DAY wodljgus) Cunl 0 300, Jlu
S L) 28 o Ll sl slaadge Cupn 3 (33,5500 i 5 43, jladsey awsee Sllas bl 53 wies
5 JB) 2,0 352y o (sdnatng g (RS Sygods i) S Cope sl (leanliE LS ejgel (VYO VA
By ime o el (S304)3 g (R0 (21 4 (0 o o c(sndigg | B (AD YA ) S
Lol sl bol (o)l (G55 0me s g5y salii gald (¥ DE U 3ils) sl G35 s Jewily |
5 lwlisd Jals (3 dlima) ylas Capta FR5 XA T s Jlags) ol SlinsS (2155 5 ol Copta
L olpie |y obsdomes oobatil 5 elazal (slaglj ol (253 b 0w b dste 3blia (253 s (650l

Sl le bad sy l @l LialS e Cu e g (g ydeliy 5l ekl

. Luna et al.

. Minasny et al.
Baas

. Bednarik et al.
Wan

. Rosenfeld

. Panizza,

. Ayala

. Sakar et al.
10. Fell et al.

11. Varnes

12. Kumar Dahal

© O ~NOUTAWN P



va () o290 Jo 51 03Leol b (9330 (e E989 Shad (gtraiag

b3 e} Metns Bolie 53 dnugs Cydgiona (i

(oS lugcilo 5 gjlodbime ccdizdsyd oo lis ) ool (<

0l S b G35 5l S sl el tesd g0 ol ¢ oS aiile (Si5ib slapludl jl oolizl (g

(F5 ;A JlaljlogS) oaimd )l sbapiumw (gdrwes (5

Ol 73 558 Ve sy > ol daome (o)l g o lilas slas ) S g 1S5 (55 @l Jiday
S 8 g adlate )3 oy te slabilime) 38 4 B b (WY ¥ () len 5 (caioma) sl 48,518
Gl A ahias Sl (Gl gl B s (bS] slaodly (pzren (Sl 5 )2 AS b 5 ol
ibaio o o Copde sl dilate (533l pe) st (SARE (AT s BB satal> ) (659l sl
ol B0 gl 5 e) 85 it ) (93l Jao b)) addlle ) Jl B s o Jai 4y (659
Jie 31 odatal b (353 e s (54 (s4ia5 5 G3diome; 1S 0 Ay Jalge Jl S 58 i Sl
eloxl go (533 e s b ablio ) ddlai yigy o e sl ele sl Sal, sl)] 4y ol &S cul g5

4t Sl i) kel Jelse gl sl 4 (lad (g pSmaeal Sty w1 oslial L (Y2 +4) (g
Jeelss cialad pas (3,5 By 5 i lp astl Je 3l g by plalb o aones Chwlin satis
Spiaphd GadE Al Ul (el 2SNy piRg o=l &S 0l (LS gl S edlatul (el e il
sl (33 e

adlaio > (B33 o) Chwlin b5yl 4 as)lel soyiito 93 il odlial b (Vo N+) olSan o S5y
9 03,5 o3liial (93l (aSLs | (e Dy slaaY (g molone sl g 2SNy (Sobol 3 sl S8
W0,S &l 1y dalaio ylad cabdiny (sadid Colgyd

0235 > Dy st (sainaing @ (98] Jo ) oolial b (g 53 (V)4 olSen 5 xS
At i)l Gl dde gy S plsieds 0345 0,08 (Jo ol 4 3l L gl @l g Ay e 26

D)y lddate ywlide jd (533 e

axllao 390 (sallain (50395
Jlo g olisle 3 il gz )3 lnl x5 (e Jled 1 5T5) 03,93 iz 515 (195 9 adlllas 3)50 8L
ol @yoyiaghS YA b ply o] Canng g y20 VAT o elis)) puSTis () (golouds JS5) Canl o @8lg pDb] 5 bieol
@bl gladsb s Jad YFONTEYYOOY " ol b gn Sriosa - e led g L &S

ol 005 aly 55 ¥EO XL S

1. Kral Ovany
2. Zongji, et al



RN g VA 5ylesd orub (5Ll i (sla sbing A

lea; bl Cgs axlle 3,90 w‘.\éu L—s;,xﬁga DN UG

ailaio (5l b Jod g (ol (e

45 3980 003 Pyle = 0uh U (VL 4wl S sl Sl laygeid) calllas 3590 (8B )3 (oulidain s 5|
Jols 555155 elmaing 5 o)l ()2l (il «cgyloml sl 055 55l Bl bty & 8 ]
et e 51 (K200) (2955 sosjlos (V' (so)lond JS) ol (o8 slaaiSSllog 50 5 2248 5 ot sal5DL
3 (Mgs) S 5 cople 5 (o Sl Koo i gl 31 (PeEpa) oy 35l ¢y Sal (slacY (s 5 (Sal
Al eaisy LBl gdtan g aaS U513 3 5 Mo iS5 o8 Y cym g (slole gy Sl oyl gl
0d- odpdigy polie Wil ol jl bl o ity g 0ud JS (ieglyy Sl g Sl ] (OMes) (5 low] 530
S slmog 5 Ly oag ISIS 31 (Ph) csyLaiis 550 eSionls 5 cpple coglts 31 (Mply) sl e 55
2003 31l B Bl S s B0 (slaliagS )3 (Q) (Bl sladilSal; 5 (Q) laaiséllog s
NYVE) S oo sl 8 Jlads Cuos 4y o 53U g Gl ) liiel (G428 2 Bl S ¢ Sloibls sl S
Woib 331 Sl e Bb a8 (o a0, S0y (B L) oS L dilaie ()3 L cindg ()
3le g jabolasal pgSan (Sl sloadlge (shls o sl 5 canl 48,5 JS5 " 28 ) Jols (S350
S (Brdogin - i Jled el g odg (S s g5l atlaie Lol sl JuS (Y go)led JS5) s
it 5155 3> (SN 56 s (st i S35l y5005 A8 (sl gyt (MY VVE (Ll ()
(Y 2F YAV (6,8L) ol b JuS b 5 SaalVL & )gods bt SoeS95 o9 Jb ,Sbles 45 ol

1. Fault related fold



A () o290 Jo 51 03Leol b (9330 (e E989 Shad (gtraiag

axlllan 3,90 (gt MBU ol a0 (g Y JSS

o9, 9 319

5 e il (glaslouls’ (sl by, 5l o 53 48l (93,0)8 = (Slamwgs Gimgy Ko e ylidsi (]
IRS gotizxius yglass g VYoo vo ool e A VB v e 35555 cloddds sl o o3lisiel (3l e
w525 &y ATCGIS 9.3 Jl58ls 5 5l 158 5 )15 olitsl 3,90 Limay ol 5 (alool Il lsicas cadbaio (Yo +Y) Jlus
dRS (slojlsals pglar | edlaiuwl L cnss .ol 0ad odlaiwl L dy50 (soadids cans 9 odly o o
IS Gl P adl a o ) goylod JS8) Wb olulid adlllas 3)90 (seilaio (sla b33 ome
aobdl jd .ad pla8l b yo 58 o 5l (6 ld S g pgual (RS pitred 5 o) daw slaodb b Sledbl glaasY
€Lyl 5 cd S (ST 05 (JuS 5l Alols siglgn] Jolo gy cadate 3 031 &) slo 853 (nn b
Leol o g 02el3 sy pgots SleMbl s gty ol 505 s G3dome €589 22 F3e Jelse olyiee
¥ e a0 ojled Jodo (olaly cdlate o b3l ome) Sl oadcitlyy cla Shy 4 395 b Cunl 00l (oS
ErSmnmad Lo (Y soslod Jgiz) 03 Ui Wl sl (g8l G ile oY (suindilo Jluny g o3l 3
5 2955 e (stmmle b 3g) 5 o byl sl olime lgis s Blgoe (9,81 & sl LMl (gl
A5 5l ailate (g1 etz an g dol Cundty (Bjalce) ks 98y s clyiedr Hi lise Wy el gy S 03
dbie gla Sty Jov g (dine) £58y aainy (AdE & 435 L Ll > ad phl (b3 e 23,
ol 035 &8l dilaie ) Lole g gl e sl olnlSal,



RN g VA 5ylesd orub (5Ll i (sla sbing AY

Dedee ol ) goyled (galally &ygody g5l e

m
E] = _szl,] lnpw (\ Lsé‘b’l)
i=1
sl S e g le Pij g (2981 G35 Ej dlasly ool 3 oS
ri’-
i (¥ el
2.0
i=1
ol Y IS s g e 7y
K =(nm)™! (¥ ok,

Cewdas ¥ g0l calaly 511V Jlade b o By Jlade 13 )5] Canddy g paoua yu yilo JSi5 1

5,5
Vi=1-E (¥ salal,
ol luebol pae Glyodil gan > Sbles Vj
S g 03l O (g0lad (gl 5l 9290 (W) Jolos plos (2o (159 samlne sl ploxilpwo
w; = 4 (& (selas
7Y,
F ojlod gadaly lodlatl L jls (86 )5 (sl st (anaing (W) JS gy amelos Sl e
Dedse (b))
Hi=Zw]-><ri'j (5 sy,
i=1
salayly pl o oS
(b3 e s dlas ) oo 1 H;
tdelos plas 2l 0+ W
(Y NN (e 9 (2x595) Jelss 1 Se 2 (g9 Ty
s adly

g adlaio | slojlgale pgluai g 2lon GapSe (o) oSl Sl (b 48)S plol slacuilyy 4 g5 L
Jsa b 00l ol (i lS (559 aallls 3390 else 1 Sy & hsadinmas 989 > S5a Jolse (pluolis

SNl Y winy (Jae il Gl oms e LS 1) 6By Jaolgs o (asjlitel (e 9 G295 ) o)l



AY () o290 Jo 51 03Leol b (9330 (e E989 Shad (gtraiag

JSeis el ol clools lgmiedan Y ol s (¥ (golod JSK5) B0 (canaibs g odel)d iy O ygods

b S 51,8 oslital 5,50 9,5l L ilo

Py Jole g (5005 sy SV Y IS
ot 1B omiliad (005 1D (JanS Aol 1C ¢ g5 )1 B i S 1A



1YY 5l « VA o londs c cands sLd1 i (sl ying3 AY

Al Jolge 51 SG 2 4y adly Holaid! sl ) Joas

Sl | JS labold | il | e | bl | cabcge | bkl | s olib | Ll w::';w
q . Y Y- A Jles \ AsomNoos \ Q!
A Yeomleo I ye—¥-. ¥ S Y YeoomVYeo \ Qf
s Deo—Yooo v f.—5. 5 By Y Y)oemYYoo ) K24,
5 YoooYous A Fehe ) e ¥ YYoemy¥es v PEpa
¥ Yoreo¥oon 3 A=) 5 Voo V¥ Y Mg
) Yoo of5 5 V10 ¥ Ply

v Ve emVEe e Q OM,s
A VS e emYeo ) Mpl,
q VWeemA

\ YA+ .=)aY.

sl g Cou
Jole g Liwly cprad 53wl 00 odlatwl jlus o a8U 3 03l &y i3 e A 4 basye (slaodly I adllas oyl jo

(Y gorlesd Jgi) ad S8 Wl elyy gl e 9 bl calaie (35303005 & 0 3 S it )35,

Sy Jolgs 81 (2955 gyl Y Jgaa

wjle s Co | (42,9) Bivgio ol | (o) biogio g5 | (ko) Juu 51 ol | (58 cymo (50, lound
6olows] Jles ¥ VFe - . \
&low] b ¥ V.- . Al
&slows] Gy 0 VO V.- ¥
Slows] Jles b- VS0 . ¥
&slows] Jles o¥ VS5 o 0
Sslew] o Y. \OY - VA - s
&olows] O Yo V¥ V¥ s
&slow] Gy 0 Y- . A
&olows! g oA VO . 3

S ) ey sl 00 B 48,5 05 gy (65 4 (&S plie b sl (B 93 el I gy cnl
olio a5 g Lalg) (stmlns b im sloplS 1o o das 4 lajlins 0l 05 L g (T j) (95T (ile

Jeelge 5 pls o (gl g ael cmndss (Prj) @ ygmods lil L pile )3 39350 SleMbl (cgimme ¢ oS &4 (&S




AD () o290 Jo 51 03Leol b (9330 (e E989 Shad (gtraiag

E; = [1,983356,0.984098,0.973147,0.992783] (V oabasl,

)i).l_gq b [P Pi dﬁw Sygo y Lj )‘A.&o 9 Cowl ol dwwbu d)LoT )159)"..» u»lwl » Pi LJL«&‘ 6’)9’ )] E

. w ) 1

n
1 1 1 1 1 1
—KZPi.lnPi = —K{— ln—+—ln—+-~-+—ln—} (A ek,
, n n n n n o n
i=1
1\ mn 1
—-K {( In —) (—)} =—K In— (A ek,
n/ \n n

019_’5:,.) n » dl)., o= .DBML;O )_mUo g’»‘?& &EAgro é’l-’ O )yguody ol N G’L’ LJ] )IAM SE Oy L)"‘ o
S 3olai it slaael p cdan 4 Lixo pl 4 995 o Hlabe (cainin E sl plp Py (cdon oS Sy90 5
) oa3ld o byoye (gl dejadli jolie (SaSTyy ululy (98l gy & ggdse ol 4 35 b Aitn
2 SaSly pae) aiib ool &y S5l g5 SO o L sadosalive sla o34 e 45 Syge 40 A5 o duwlxe
aS Lixe oyl d i d0led jas jei0 (sl (glila o sbo) cleMbl 1 luabl pae (gdn)d (50> slaijle
Sl g 0395 cawlie (B3 me) sadlllae (ly e gded B3] (SHS | o adlllae 390 a3l
272 090 (=) weS @llid iy (olde )3 1) wload (55die) G (a3l (nl 3 85 (6500 Gl Jelse
(ol onis a3y o 4 g 03985 g ol CBlual

Caol g5 )8 4 b yadls | plS s (glilay ond sbw] Cledbl 51 luel] pas a5y
Vij = [0,0.016644,0.015902,0.026853,0.007217] (Ve gl

1l panled 39350 (sla yasli (VVJ) Olisl sl ploslw g

W;; = [0,0.24987,0.238713,0.403101, 108334] (V) sabadl,

el Coansas & gabaly 5l odlatul b adate (5 (b33 e jhad liee (last Jae oplplo
(WY el

H = (0 x G) + (0.24987 x S) + (0.238713 x D) + (0.403101 x E) + (108334 x 4)

S A g gl B (S 5l adlold :Dp feads i8S il i@ tailaie > s s liae tH il s &S
L (F o lod JSi) o s aalllas 3590 (gadlate )3 (33000 ylad (gaaing gadd Y gabal) & 4355 L
303 &) b5 ine; & 51 48 Ab e (F (goloss JS5) 4l 2 it slosb3dee5 iz o2 )3

Y oyleds Jodn aslonds x8lg YU plad cainy )0 iid o) & g bivgie Jlad cainy )0 (hid e ¥ cddlaio



1YY 5l « VA o londs c cands sLd1 i (sl ying3 e

5 1o y3 A 3l g batugio s b gblio Jots ol elly i oo bt athaie )3 1y s ilise (ladigy Colune
a a3 o5 bl (533 e ylas blod jl dalate g0l 5l (Sl a8 losly jolaid] 3g8 & ) dilate colune
olab ) aip ool cowl snbadly y s S cainy (g0d505me ;3 w8l oy Jled gddls F (g0 lons S
Grbate g ddlate (sla JuS 5l 0l s (galoll gl Cglite slacgr 5 o8 b b gpte Wer BNVl ol
a8l )3 1) Sy ey elalugio jlad gaigg el (631 laaind 5 )T (olojd o ol
ok cd)Lo.M)T cbasiilo 5l gieland Jas il sl (g0 VO BV ol il y daio g o3y olaidl sgs
3 w8l gla JuS oled 5 oddx8ly b S ooy 0 dlng cpl 0> dod Vo 5l iy o g 0ldd SIS )65 9
Sl 355Lo 1 sabate 9 Vb & 2o VO« o)l lads 3 ob; s cangy bl S 48 ol a4 S5 b ag o)
g b oS LS e S sy sl a0 ¥ 5l e (G g 008 8l5 it sla S o 0 oS S
Doy 2lus ) jlas p 3blis s> aslllas 590 sl lad (gl g dllale (wlidpme) g 2bdlie glo S
Slatloe ol 1 (B3l cej o8y 3 1y Wy Jelge 51 S o 3B lie F (ojlad Jgi 2,65 00 )18
sobad 8y ey yol ol &l b (s3dsnd Jole g 588 oty 185)) Jole amd o s (98] 1o

RER IS W) ISR PR SE NS

o3 Cran 3 B10B 4 S g liwgio ol yad 3ble dod g Colmo I Jous

I3 e w2y

RS RS

Coluo a0y

(Km?) o luno

adhaio

5555

&

Ya/A

/¥

oL Hlad

Yy

v

ONYS

Vo¥/a)

Lligio s

VAay

/s

oS s

Yoo

Wamy

Eyome

axdllae 590 (gailiio jd (3 oy sy shad Gadigy (WS A F JSW




AY () o290 Jo 51 03Leol b (9330 (e E989 Shad (gtraiag

ailiia (SR} 18 ) 3 By Jalge 51 S 52 55T liee F Sy

W 35,56 Jalge
AR el

Y¥/AA s

YY/AY S 5l alsls

28 s 3L

Yoo Egoxe

o380 3 (U Ollud (B gl Syt sl
Sy S8y lgims e 1503 Jelge 5 ouldl ¢ (B,S 5195 (ST (oldipme 53dobrng5s bulpd o b
cdlate > 03l 7y sl bidips; G Shy ool (wyp b ad joale adlale 3 (55 oo £589 5l (5355l
o)l JSB) 033 (0355 o2 9 £l (ripeyioghS NF 9 210 FINV - sacolus > ola53ime) omer
2 ele slaylSaly g salgs 2L o5 56 Jlo g Sl llus (b3 £58g yge 53 4wl (O
2,5 el pj diwd 93 30 Ol 1) dilate (B33 e ylaS oo 350

Sl puolpoo &S Amd o U5 dilaie gyl Juo I otal Camdds (55 mmes £989 lad (saaing (s ()
logyb @yl 5l calpl ol sk g Blagio s b (2155 e ol Sl clocts y bluo o 85
29 (55 gl ot (6 tag LSV gl )> Slual dbul g (gliws 5 (5306d (SLoolSBw (sdmogs g (Slyec
8ly (it BB (5 yag LSV Iy a8 plad 3 48 Sl 39 o0 Sl Jlois] Sl (il (gl ioran
O35S pasiie 33 (gl Jas ) Jrols gl ol 98 (gjlopSonius b 4l JUil o5 ole & wilord
0355 S g 315 o b 0 Gblio S35 (Sl it (sla b3 53 1S ,8L alge 1 S ja b e
desany csilos 3blio (pl > Jlyes Sllos 66550 (clal 1l calple b oo 4l jlas ) sble lgice;
Y

&)l2395 adlaie 3 o3l wilhinl g Sal Fw plee Sl (6lp 5 9 6 pSB Sllas 465 4o 5l L (Y
SlasShy 4 95 b bl BRI (55ome) g8 Jloan) (Bl Gl ()il (8 0w Sl a0 9255
Sl i ojlw elisl s (Solse liles a5sS pa 5l b cdhaie (wlilyee] 5 (sould] (55558090555

..)94.0 d)l))?} L)»).AB[J dMlJ ).3 DJ)?} J«.S 9 w»)j ]0[9} ).3 D)Jsi) ‘d)bﬁy’u]



1YY 5l « VA o londs c cands sLd1 i (sl ying3 M

(g a1 9y 13) Jhud (e Bl o giold 15 F (50 ko 1533 oy 31 (2o (i1 .0 S5

e 5 o 5ol ;3 505k (334 31 ably 334 Slgo 5 0380003 31 &) USSF pr3 (0

S5 4o 9 oy
A8l 28 ye (clacuend ;> obj ohis, Jhs b sblie a5 smd o L odel Candds (53 e (cAbAiy (s
I lomssl 5l gpald )3 5 adlaio gla JuS o ) 5 )5 (YL ElB)] 5 0L b (2l ol o g
Siedend y o jlccwl yio VO il meS eyl Clib y daie 5 0l (6oL i Ay pl sl 03 olais]
P Sl o Golate 9 y 2o VYol S (Bl AL 53 8 (a9 g Jlad S ) jladeS
(ol P83 sl dilain gl JuuS 31 5b5 o s8lolh g o8 o b (63518 slaating g ddlate lu
Lo YYIYY (im0 38 o) ¥ aS amd o s Sladllas (gadlaio )0 03y 7 slayo5ad cpmoj b (olos (giuding
2 g lea s x8lg YUy ad g ing )0 lojd e Mo yd FEIFF ¢ lvgin ylas cainy o 0l &) (sla o34 cyo
A eatiaing 3 (98l Jae wgllae ULS 1 Lt el () oS sl 315 ¢ (B33 e oSS st
Loy YAUA 5 blsgio s cainy ;3 doyd DAIYE 5 oS s cainy ;0 adlaio | auo)d VAY dgas )l 58] cyee
Somdany ylad i (Sle o5 adlllas 5)50 (gadlale & S8 D iz GlFe Calod)d Wlond @Bly 2 s
HEV V- ‘).>‘ 9 w2 J)lﬁ Alwd g3 ca).‘olﬁu L)" u“’“l‘c Co e d‘){ u.wLwl dlﬁa)&h]) 29)s°

Vol S Jolsd po (Hlyes slac B ) S st g ddlaie (i) ylad (gabdlny (adE g ()
Xl S 15 T o yeskS V galols 1 oS Slal plotial Lil38l b ol 5 w8l sauls g peglS

aidbate )3 (533305 £989 13 oM @y Jolge (lgis s Al oo o (Sl Slusl ol plos I (g S ol (¥
o3ls @lisl 5 Sl Kiw las 3wl sl crinj s @ pSE Slles 465 Jold Joloe opl il (5o
ol Ol 365 s (taljdl Jdody Bl saials 53 (5 l55u] Sliles plosl I (5 0355 (e 9 o0

il o e Sl 53 35155 o (53985 Sl g ol 30 il



A () o290 Jo 51 03Leol b (9330 (e E989 Shad (gtraiag

&l

Armed Forces Geographical Organization, 1976, Photo Shoot with Approximate Scale
1:55000.

Armed Forces Geographical Organization, 2002, Satellite Imagery Sensor IRS.

Armed Forces Geographical Organization, Topography Map 1:50000 Kalkesh, Ivan Gharb,
Zarneh.

Avyala, 1., 2002, Geomorphology, Natural Hazards, Vulnerability and Prevention of
Natural Disasters in Developing Countries, Geomorphology, Vol. 47, PP. 107-124.

Baas, A., 2007, Complex Systems in Aeolian Geomorphology, Geomorphology, Vol. 91,
PP.311-331.

Bagheri, S., Shokeri, S., 2008, Investigation of Tectonic Role in Generate and Evolution of
Ghalahah's Landforms at the Kermanshah Province, M.Sc Thesis, University of
Tehran.

Bednarik, M., Magulova, B., Matys, M., Marschalko, M., 2010, Landslide Susceptibility
Assessment of the Kral“ovany—Liptovsky” Mikula§ Railway Case Study, Physics and
Chemistry of the Earth, Vol. 35, PP.162-171.

Fell, R., Corominas, J., Bonnard, CH., Cascini, L., Leroi, E., Savage, Z.S., 2008, Guidelines for
Landslide Susceptibility, Hazard and Risk Zoning for Land Use Planning,
Engineering Geology, Vol. 102, PP. 85-98.

Geological Survey, Geological Map Scale 1:100000 West of Kerend, and llam.

Ghomi-oili, J., 1996, Litostratigraphy Study and Survey of Karstification in Carbonate
Outcrops at Noa-Ghalajeh Region in West of Kermanshah Province, M.Sc. Thesis,
University of Tehran.

Iranian Method for Landslide Hazard Zonation in Golestan Province, EGU- 1% General.

Khosrozadeh, et al., 2008, Study of Mass Movement (Landslides) in Terms of the Earth,
Case Study: Arzfoun Series, Mazandaran's Wood and Paper Industry), the First
International Conference on Environmental Changes in Caspian Region, Mazandaran
University, Babolsar

Kumar Dahal, R., 2008, Predictive Modeling of Rainfall-induced Landslide Hazard in the
Lesser Himalaya of Nepal Based on Weights-of-evidence, Geomorphology, Vol. 102,
PP.496-510.

Luna, B., Langbein, W.B., 1963, The Concept of Entropy in Landscape Evolution,
Geological Survey Professional Paper, U.S. Govt. Print. Off, Washington.

Minasny, B., McBratney, A., Blanes, S., 2008, Quantitative Models for Pedogenesis - A
Review, Geoderma, Vol. 144, PP. 140-157.

Mirshokraei, A.A., 1996, Litostratigraphy Study and Structural Geology at Emam Hasan
Vizhan Region (Gilangharb), M.Sc Thesis, University of Tehran.

Mohammadi, A., Heshmatpoor, A., Mosaedi, A., 2004, Study on Efficiency of an Iranian

Method for Landslide Hazard Zonation in Golestan Province (lran), Geophysical
Research Abstracts, VVol. 6, PP. 10-22.



RN g VA 5ylesd orub (5Ll i (sla sbing A

Panizza, M., 2004, Environmental Geomorphology, Encyclopedia of Geomorphology, Vol.1,
P. 318-320.

Rosenfeld, C. L., 2004, Geomorphological Hazard, Encyclopedia of Geomorphology, Vol. 1,
P.423-426.

Sakar, S., Kanungo, D.P., Mehrotar, G.S., 1995, Landslide Zonation: A Case Study in
Garhwal Himalaya, India, Mountain Research and Development, Vol. 15, No. 4,
PP.301-309.

Varnes, D. J., 1984, Landslide Hazard Zonation: A Review of Principle and Practice,
UNEXCO, Paris.

Wan, S., 2009, A Spatial Decision Support System for Extracting the Core Factors and
Thresholds for Landslide Susceptibility Map, Engineering Geology, Vol. 108, PP.237-
251.

Zongji, Y., et al., 2010, Regional Landslide Zonation Based on Entropy Method in Three
Gorges Area, China, Seventh International Conference on Fuzzy Systems and
Knowledge Discovery, (FSKD 2010).



1) () o290 Jo 51 03Leol b (9330 (e E989 Shad (gtraiag

Zoning of Landslide Hazard Using Entropy Model,
(Case study: Nesar Anticline at North West Zagros)

Moghimi E.*
Prof. of Geography, Faculty of Geography, University of Tehran
Bagheri seyedshokeri S.
Ph.D. Candidate in Geomorphology, Faculty of Geography, University of Tehran
Safarrad T.
Ph.D. Candidate in Climatology, Faculty of Geography, University of Tehran

Received: 24/10/2011 Accepted: 30/04/2012

Extended Abstract

Introduction
Entropy not only quantifies the quantity of energy but also quantifies the quality of energy and

this quality is the measurement of disorder in a system (Mansly and Colleages, 2008: 145). In
summary entropy in the meaning of quantification, discuss the disorder between causes and
results and decisions in different topics (Van, 2009: 238).

Geomorphologic hazards as a threat cause a lot of damages to human societies. In this
concept natural disaster is a harmful element that exists in the physical environment for human
(Ayla, 2002: 408). Landslide as one of the geomorphologic hazard cause lots of destructions as
direct and indirect costs and plays an important role in destructing human facilities and causes
human death, forest destruction and sedimentation in watershed basins. Identifying and
classifying the areas that are vulnerable in sliding and its danger has an important role in
identifying environmental hazard.

According to destructive landslides that happen near Nesar anticline, the location of
villages and City of Gilan-Gharb and development facilities in amplitudes anticline, it is
necessary to provide the landslide map of the area for better management.

The purpose of this study is to quantify the occurrence of Nesar anticline landslides and
also to know the amount of each five factors in landslide occurrence. It is also determined to
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provide the map of landslide risk by using entropy model. Finally the last aim of the article is to
propose scientific management ideas of the area against landslide hazard.

Methodology
At first, by using visual interpretation of IRS satellite images, landslides of the studied area

were identified. Then, by studying occurred landslides in the area with five factors: litho logy,
distance from faults, slope topography, the slope and elevation were defined as effective factors
in the landslide occurrence and five informational layers came in as raster data and the amount
came in identity.

According to the landslide features of the area (shown in table 1), weights were given to the
layers and then the entropy matrix were completed (Table 2). Decision matrix contains
information in which entropy can be used as a criterion for evaluating it. After calculating the
entropy matrix and the whole weight of five factors w;, the amount of Hi which is the landslide

risk occurrence was achieved and decisions were made to area based on landslide occurrence.

Results and Discussion

Finally, based on the landslide occurrence zoning map and area features analysis, some
management ideas as basically and scientifically were given. The data container existed in
matrix was generated as Pij and for every five elements the amount of Ej was calculated and
after area model the amount of landslide risk in the area was generated as below: H =0
G + 0.24987 S +,0.238713 DF + 0.403101 E + 108334 A that H: the risk of landslides in
the area. G; lithology, S; slope, Dy; distance from the fault, E: elevation and A is the slope.
Based on the above relationship, map of landslide hazard zoning was prepared in the studied
area (figure 4). As it has been mentioned in Table 3, areas with medium and high risk consist
98% of the area was suggested to have the high risk area in terms of landslide risk.

According to entropy model calculations based on distance, elevation, slope, fault distance,
aspect and lithology had the greatest effect in the landslide occurrence in the area. High incident
risk areas are located in high elevated places of anticline. These areas have the highest slope and
the height and are located in territory of fault area and in territory of Asmari formation.
Moderate-risk zone as longed tape has taken middle parts of anticline and has allocated most of
the area. This area has a large slope and the classes of less than 1500 height and lithology
Asmari formation has got the most places in this area. Low risk zone in the northern and
southern anticline are in classes less than 1100 meter, and is based on the consistent of the soft
matchlslformations of the area including quaternary, low slope and a high distance of the faults
in the area.

Conclusion

Final precision zone map with occurred landslide occurred in the study area shows that the
33.33% pitch slips occurred in the moderate risk zone, and 66.66% of landslides were located in
high risk zones. This suggests optimal performance of the entropy zoning model in landslide
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hazard zonation. About 1.93 percent of the region across the low risk and 58.26 percent of the
region across the moderate risk zone, and 39.8 percent are located at high risk. Finally, we can
conclude that the studied area is a high-risk area. The factor of altitude with amount of 40% had
maximum role and the lithology has no effect on landslides risks of occurrence. To manage the
hazards of the area these two ideas are suggested:
1. Preparing landslide hazard zoning map of the region and preventing development
activities at the margins of less than 2 km from anticline.
2. Prevention of excavation operations and watershed operations in the anticline as
accelerating factors of the landslides.

Keywords: Landslide, Management, Zoning, Entropy Model, Nesar Anticline.



