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Figure 1. Location of study area in Iran and Golestan province.
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Figure 2. Landslides position map in Oghan watershed basin.
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Figure 3. A landslide image in Oghan watershed basin.
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Figure 4. Comparison between Analytical Hierarchy Process and Network Analysis Process (Saaty, 2004).
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Table 1. Relationship between lithology and landslide in Oghan watershed basin.
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Table 2. Area and percentage of landslides in effective factors classes in Oghan watershed basin.
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Table 3. Unweighted super matrixes of effective factors on landslides in Oghan watershed basin.
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Table 4. Weighted super matrixes of effective factors on landslides in Oghan watershed basin.
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Table 5. Limited super matrixes of effective factors on landslides in Oghan watershed basin.
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Figure 5. Comparison diagram between effective factors of landslide in Oghan watershed basin.
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Table 6. Weight of sub criteria on landslide in Oghan watershed basin.

eZ1 » eZ1 »€E-

&ULWHULD

EEZAE; Y%A
6XE FULWHUUIMDO ZHLIJKW&EULWHULDG6XEULWHUYLRDO ZHLJKW

«Z1 » «Z1 »EE« EEZ/E Y%A

\l<
60RSH
|
Q
QH
N H
\l<« dEm
VH
$VSHFW Vv
VZzZ
Z
%o Z]
5DLQ |
o+
-&%
EfA-Afl. -/
ILWKRORJ\ -/0
-6
6
4=6

A{Zm Y A +Z§
GLVWDQFH IURP URDG

AAYEIM oY A «Z8§
GLVWDQFH IURP VWUHDP

1°3 oY A _+Z8§
IDX®WWDQFH IURP
!
1 Am
EIM %lix»e
Ecvey E€].z®E{ %l»e

/D QXQ/H e €x»

SE{A Ze€»

cA«BlE® T»YAE «AHH »{{€3
e YL €Y » {A-Z{» A" Au{%o , &>
ZeEXA |<E.ZA{B581 *,6

Y ERT»YBeYZY GZEYE; Z<Ab YA
N, ve| ZEEER €% {+dAMJAANL ZV »
WZ e A YEIAROC | 2 & €VHEAX° "«

o

o
e

Kilomcters

EfZAloe AGE~¢
Figure 7. Lithology map.
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Landslide hazard mapping of Oghan watershed basin
in Golestan province using Analytic Network Process (ANP) model

Gh.R. Gholami Kalateh', *P. Kardavani? and M. Ranjbar®
3K * 6WXGHQW RI *HRPRUSKRORJ\ 6FLHQFH DQG 5HVHDUFK %UDQFK
3URIHVIRWRUDO *HRUHQBK\DQG 5HWHDFIKF %UD® BROLYHUVLW\ 7HKUL
$VVRFLDWHDIWRUDRI *@RBUDEX\ %UDQFK ,VODPLF $]DG 8QLYHUVLW\
5HFHLYHG $FFHSWHG

Abstract
Background and Objectives: /I DQGVOLGH LV RQH RI QW XRIDVON HEF H\ODWLW X E®/
DUHDV ,UDQ LV H[SRVHG WR QDWXUDO KD]DUGV EHFDXVH RI
JHRPRUSKRORJLFDO FRQGLWLRQVY SRSXODWLRQ LQFUHDVH S
FKDQJHV 7KHUHIRUH SWDYDUDBW IPROB RIL@IDIMGYBUGHPSRUWDQW
ODQGVOLGH HYHQWYV UHSRUWY RI 2JKDQ ZDWHUVKHG EDVLQ LC
ZDV WR PDS ODQGVOLGH KD]DUGYV XVLQJ $QDO\WLF 1HWZRUN 3
Materials and Methods: 7R PDS ODRGNQIGHQ 2JKDQ ZDWHUVKHG ED\
HITHFWLYH IDFWRUV ZHUH SUHSDUHG E\ XVLQJ RI LQIRUPDWL
JHRORJLFDO PDSV UDLQ VWDWLVWLFVY DHULDO SKRW
LQIRUPDWLRQ ZHUHGFRRBOYHWRG BN\ MHHO WKDW PDSV RI WKH H
Dv VORSH DVSHFW UDLQ GLVWDQFH IURP VWUHDPV URDGYV
GLVSHUVLRQ OD\HU ZHUH) SWKI YVHFR ECG YWHSE WKH ZHLJKW R
ZHUH FDOFXODWHG E\ $13 PRGHO DQG DSSOLHG WR WKH LQIRL
IDQGVOLGH RFFXUUHQFH PDS ZDV SUHSDUHG E\ RYHUODSSLC(
VWHS WKH DFFXUDF\ RI WKH PDS RI ODQGVOLGIHH [RIQDWLRQ
SURSRUWLR&®DQGW]} 'HQVLW\ UDWLR
Results: ,GHQWLILFDWLRQ UHVXOWYV RIKDODQGYQYEMW LZIDWK. RQ
UHODWLRQVKLS ZLWK HIIHFWLYH IDFWRUYV VKRZHG WKDW PRV
XQLWV RI VIKDOHHGEBMHG OLPHVWRQH VDQGVWREDOHDQG TXD\
YXUWKHUPRUH UHVXOWYV ®D\HOMYDWWLHRWQY MDHBWYEDERSHDE GW K D W
ZHUH KDSSHQHGORWH /DQGVOLGH RFFXUUHQFH DOVR KDG GL
LQFUBDMVGHFODVVHY DIQOWBWKPRUH WHKRQ PHDQ DQQXDO SUHFLSLW
FRQVLGHUDEOH SHUFHQW RI ODQGVOLGH 5HVXOWYVY RI GLVWD
RI RFFXUUHG ODQGVOLGHV DR HURP GULKWHWIHQ IFHB RR{QWANNBDGH Y W
WKH UROH RI PDVV WDNLQJ IURP GRZQKLOO YLD KXPDQ RU Q
GLVWDQFH IURP IDXOW VKRZHG WKDW PRVW RI ODQGVOLGHYV
WKDQP 7DEOH
Conclusion: 7KH JRQDWLRQ U IPRGOIWVLRIVEKH 2JKDQ ZDWHUVKHG EI
SHUFHQW RI WKH EDVLQ ORFDWHG LQ IRXU FODVVHV LV LQ
HLJKW LQIRUPDWLRQ OD\HUV VORS IDFWRU OLWKRORJ\
ZHLIJKWHG VFRKWMHG WKH KLIJIKHVW ZHLJKW DQG JUDGLHQW GLU
KDG WKH ORZHVW UDQN LQ WKH JRQDWLRQ (YDOXDWLRQ
DOVR VKRZHG WKDW WKH FODVV ZLWK P GLVWDQFH IURP VWV
VORSH FODVV ZLWK ZHEBIKGLWW BQHHDR@GDVY IURP WKH UF
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ZHLIJKW VFRUH KDG WKH KLJKHVW ZHLJKW VFRUHV 2YHUDOO
FRQYHUJHQFH RI IDFWRUV VXFK DVRYOWREH UQLW K RD\R J) DDA [
DORQJ ZLWK WKH KXPDQ IDFWRU VXFK DV URDG FRQVWUXFWLF
ODQGVOLGH )LQDOO\ E\ VWXG\LQJ WKH GHQVLW\ UDWH RI
XSZDUG FXUYH DQGWXGDYWD®ILRD JROQHVY ZLWK DSSOLFDWLR
SURSRUWLRQDOLW\ RI RQ WKH KLJK DQG YHU\ KLJK FODVV
WKDW WKH $13 PRGHO KDV D JRRG EDVLV IRU JRQLQJ WKH RF
2JKDQ ZDWHUVKHG

_H\ZRUGIVSSLQJ /DQGVOLGH $13 PRBGRNLQFIKDQ *ROHVWDQ
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