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1- Topographic Wetness Index

2- Normalized Difference Vegetation Index
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Figure 17. Landslide susceptibility map produced by WOE model Figure 16. Landslide susceptibility map produced by FR model



\INg

o S ob) cwle Gk by @l SSE
Ao > (o853 gblie b (33 jlat (slmed) (p (Stusor
231> 5k 905 akly (g Jde 4 Cannd Slol 6 s
Slsl olen 4 (ROC) (fxio pj colue (F) Jgio
odd Ui Jae 93 yo sl o) plieb] aaw g 3kl
Caws Jdo & bgipe ROC e cpjiin Col ol
gyl AdE o Vb (Siwed Silo &5 8L Syl 2
@ Sl Jo e (23 9 (3 0mes STy 40 5 003
Fe i)l exmdplas Yo JSb Al e asBly (g Jio
Comd (533 (ej b gty sl Slolp S Jae

bl e asdly 059 Jae

O3 e et (caaiag p> gl s g aBly (59 YLl sl by, slannlie o))

R S B e S
byl zels 43,5 ROC g, ) oslizsl b b Jas b3,
039 9 ol e gl Sl gundidb b
dasMo oS pshailan ol 02 o3 li (VANA) S
o5 G ks Canlas GLIBEIL Jue 93 50 )3 258 0
olis |y a2 B Jo3 x5, SCAI asla LI (V4 JS3)
slody (oYL Siuen sdimdlis 5 (VA JS) s e
e slossil 5 agpge (55 Golie b a5 s
iy ce ol 5l ol b adlas 350 il

10 0.018

9 - Slalyd Comd oo 0.016 = lol 3 o Joe A

8 0.014 +— — ax3lg 39 Juw

! 15( 0.012 o
- \\ \\ y 001 pid
3 3 Ll 0.008 7
g e o/

N\ 0.006
: /
A\ 0.004 2z

2 — 4/

1 A 0.002 A~ 7

0

e Sks “

S lusie €L Rgpes
[ &;}JJM‘SLQ 00) ) ) k}

b Jse  FR Jasls 3gy -V IS5
Figure 19. Trends of FR Index in models

oy D )
o s gl 0d,

o Jseo ;5 SCAI Laslis 59y VA S5
Figure 18. Trends of SCAI Index in models

P3O £y s gahaiy SCAL a3 ls 5 (FR) lghd o ¥ g

Table 3. FR and SCAI for the landslide susceptibility map

3 . ¥ .
3 < ¢ & & A
L . = E©
! g & { } v [ h% c
> F : 3 i 3 ¥ c 3
g { i b 3 -
E v \{: v 3 2
T 3
vim YRo AR Y/ YAGFVAT o Ya-- 5
A virs ofeeys YSIVE FFYIA-D4F A fa-- o
V&Y AAIYD of-e50 5T PSR Y[y Y [T Selh
-I5Y Y-/ve AW AAIVA YASOVOYAF YEIAS YEY- . Ny
-IvY Yo/Y- AT AWIYA Y52 AMFA YY/R¥ Y. 2 s
SIV- /N AR YVioY FSOAYF A sisy sara oS s
VA \Y/EA o o¥5 Yo\ FYYASVOYA Y. \asy- oS
\IYY \YIYY o o¥5 VPN YAQ-50AR YT WA Lausgio asily 555
-Isy ¥ele\ AR AAIAY FAVEFAYE) vy ¥rsaa Ny
Iy Ya/.v R /oA \ROYFYAY YSIsY 55 s s

Table 4. Area under the curve (AUC) with Standard deviation

3kl Bl yzdil ol yorn &4y (ROC) ixio yj Cvline ¥ Jgi

Asymptotic 95% Confidence Interval

TestResult Variable(s) Area Std. Error® Awmpg)gg
’ Lower Bound Upper Bound
(ol S Jo -VYe -[-o ey .55 Ay
asbly ()39 JAo Riass AL s ot Mo




oy

WA il 5 Jla 110 ojladd /piin Jlo 550l 0> Ca e dolimg}y

1.0

ue r_')’r,_,-/-.""- -

o ,_,fJ o
£ s -
= [J
=
= g
w3 04 -"‘] =

-
oz
L — 1B St Jre
- — aadly o35 T
- - Lialas
0.0 T
0.0 0.2 0.4 0.6 o8 1.0

1 - Specificity

(ROC) (s &5 (somie Ve SO
Figure 20. Receiver Operating Characteristics

» s s bl e (YY) sl 5 (+119)
25 ol & ol YL LS el adlllas 3,90 dilaie
DlSed 5 oSy b lyen (PFYA) clllas b
G sl (hg) Slawalie 20 (wyp 4 (V)
Copolus 4l dngd 5> aBly g 9 6rlel paSls (gl )3
Slazls g lre VYl oolizel b U adlaie ,> 553 (e
S b Glold o Jae & W) @ ol @ g
4 Cad sy 3Sdee (( VOIF) npie €85 cn VL
s Je g ((VF/A) g 83 b adly (g S
oo (YY) Canl atsly( VF/E) oiia cds b gl
P ) Comles aiE ans 4 (V0) ol 4
S s sloisy S eslizd b s ol
Jde & Sy dont cpl & BBy ie g 04 pued
& o |y (ANY) /AN 6 5YL AUC Slgls s
IVES asBly (3o o YAYY) SIVAY jird yiaed (slo o
(YA) Casl 039y (6 5YL B> gl g D505 oS VF/5H)
@ Cond gy @b bl Sl cans Jae cplple
adlaio )3 (55 (o) s (g Algg S asdly gy Jae
O3 e sl il ol la 4l Ll 039
S sbSmaal » G 18 g ddbate
Dy90 ddlaie ;3 pojyw yinlel g Sy cladioly cuyie

b 4zl adllas

€959 o Jelse (sucuglyl pols 3iis jl Sun

slagbyy 1 edlital b ol Jlad anaiyg 5 (55 oo
4t 3l o pglate (i 2Bl oo asdly (59 9 (Slgl)S Cunn
Gl SleMbl sbaY (b3 o) S|y add
cnl gl | dlols gy (oSl ud S o (£l
w3l S ooly I alols (S ;I alols canl i o515
Ssie & s JS5 5 S by oa3ls il
allas 590 adlate )3 (B33 (nej £89 0 Fge Jeloe
9 SlglB s Glaghyy Jlesl 5l g 5205 Sl
ol o iy > o A 2l slaadd adly
oS ol ol Sl cans by I ol bl oS
Yo oS it 00y o (e £OF) ddlaie I asyd £/FY
WeAs) aopd WITY o 03y jo (HLsSa VAFYR) wo)d
03y ;3 (HiSa YYVer) doyd YY/YY awgio 03 0 (jisa
8ok i o0y o (e YEVEY) doys YEIFY 4 0L
V/or asdly (jjg gy 5l ol @i b g conl @S
o> FIOR (o5 s 03, ;0 (S ¥0+ +) dilaie jl b0
2 (S YV ) doyd YY/4Y oS 03y 0 (S o)
5 3L 03y ;0 (HLSa YFY++) dopd YF/AS dawgio 02,
3,5 1,8 0b; LS ey o (s YYYer) oy YY/AY
20,8 eolazwl ROC jis, 5l b Jde obj)l cas .cul
Jae ob ol ROC g, il ookl b b Jao (b)) gols
sl g (+/4¥0) djluliwl Blpul i b Slgld Cad
Sylikuol CBlypsol b asdly 55 b9y b dwslie jo (+/VYF)



VOA

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.
21.

22.
23.
24.
25.

26.

O3 e et (caaiag p> gl s g aBly (59 YLl sl by, slannlie o))

&l

. Arabameri, A.R., A. Klorajan, J. Karami, M. Alimoradi and K. Shirani. 2014. Zonation of Landslide

Hazard Using Artificial Neural Network the Case Study: Marbor Basin. Geodynamics Research
International Bulletin, 03: 44-59 (In Persian).

Arabameri, A.R. and K. Shirani. 2014. An Evaluation of Area Density and Certainty Factor methods
in Landslide hazard analysis: A Case Study: Vanak Basin. Geodynamics Research International
Bulletin, 04: 112-128 (In Persian).

Arabameri, A.R. and A.H. Halabian. 2016. Landslide Hazard Zonation Using Statistical Model of
AHP (Case Study: Zarand Saveh Basin). Physical Geomorphology, 28: 65-86 (In Persian).

Ayalew, L. and H._Yama%ishi. 2005. The aR/[I)Iication of GIS-based Iogistic regression for landslide
susceptibility mapping in the kakuda-yahiko Moun-tains, central Japan. Geomorphology, 65: 15-31.
Atkinson, P.M. and R. Massari. 1998. Generalized Linear modelling of Landslide Susceptibility in the
Central Apennines, Italy. Computer Geoscience, 24: 373-385.

Bonham-Carter, G.F. 1994. Geographic Information Systems for Geoscientists: Modeling with GIS.
Pergamon Press, Canada, 398 pp.

Bonham-Carter, G.F., F.P. Agterberg and D.F Wright. 1989. Weights of evidence modeling: a new

approach to mapping mineral potential. In: Agterberg, F.P. and Bonham-Carter, G.F. (eds.) Statistical
applications in the Earth Science, Geological Survey of Canada Paper 89-9, Ottawa, Canada: 171-183.
Bui, H.B., Q. Nguyen and V.T. Nguyen. 2008. GIS-based weight of evidence modeling for landslide
susceptibility mapping at Jaechon area, Korea. Journal of International Symposium on Geo
informatics for Spatial Infrastructure Development in Earth and Allied Sciences, 4: 64-68.

Carrara, A., G.B. Crosta and P. Frattini. 2003. Geomorphologic and historical data in assessing
andslide hazard. Earth Surface Processes and Landforms, 28: 1125-1142.

Constantin, M., M. Bednarik, M.C. Jurchescu and M. Vlaicu. 2011. Landslide susceptibility
assessment using the bivariate statistical analg/sis and the index of entropy in the Sibiciu Basin
(Romania). Environment. Earth Sci, 63: 397-406.

Constantin, M., M. Bednarik, M.C. Jurchescu and M. Vlaicu. 2010. Landslide susceptibility
assessment using the bivariate statistical analysis and the index of entropy in the Sibiciu Basin
(Romania). Environmental Earth Science, 2: 397-406.

Dai, F.C. and C.F. Lee. 2002. Landslide characteristics and slop instability modeling using GIS,
Lantau Island, Hong Kong. Geomorphology, 31: 181-216.

Dai, F.C. and C.F. Lee. 2001. Terrain-based mapping of landslide susceptibility using a geographical
information system: a case study. Canadian Geotechnical Journal, 38: 911-923.

Dahal, R.K., S. Hasegawa, A. Nonomura, M. Yamanaka, S. Dhakal and P. Paudyal. 2008. Predictive
Modelling of Rainfall-induced Landslide Hazard in the Lesser Himalaya of Nepal Based on Weights-
of-evidence. Geomorphology, 102: 496- 510.

Das, I., S. Sahoo, C. Van Westen, A. Stein and R. Hack. 2010. Landslide susceptibility assessment
using logistic regression and its comparison with a rock mass classification system, along a road
section in the northern Himalayas (India). Geomorphology, 114: 627-637.

Ebrahimi, E., K. Solaimani and H.R. Pourghasemi. 2016. Evaluating the Efficiency of Probabilistic
Weight of Evidence Model for Landslide Susceptibility Mapping (Case Study: Siyahbisheh
Watershed, Mazandaran). Journal of Watershed Management Research, 7: 69-77 (In Persian).

Garfi, G. and D.E. Bruno. 2007. Fan morph d]}/namics and slope instability in the Mucone River Basin
gSéillallS\)/(lsassif, Southern Italy): signification of weathering and role of land use changes. Catena, 50:
Gorsevski, P.V., P. Jankowski and P.E. Gessler. 2006. Heuristic Approach for Mapping Landslide
1H‘?éard Integrating Fuzzy Logic with Analytic Hierarchy Process Control and Cybernetics, 35: 121-
Gt’)kceofglu, C. and H. Aksoy. 1996. Landslide Susceptibility Mapping of the Slopes in the Residual
Soils of the Mengen Region (Turkey) by Deterministic Stability Analyses and Image Processing
Techniques. Engineering Geology, 44: 147-161.

Guzzetti, F., A.C. Mondini, M. Cardinali, F. Fiorucci, M. Santangelo and K.T. Chang. 2012.
Landslide inventory maps: New tools for an old problem. Earth-Science Reviews, 112: 42-66.
Kayastha, P., M.R. Dhital and F.D. Smedt. 2012. Landslide susceptibility mapping using the weight of
evidence method in the Tinau watershed, Nepal. Natural Hazards, 63: 479-498.

Komac, M. 2006. A landslide susceptibility model using the analytical hierarchy process method and
multivariate statistics in per alpine Slovenia. Geomorphology, 74: 17-28.

Lee, S. and B. Pradhan. 2007. Landslide hazard mapping at Selangor, Malaysia using frequency ratio
and logistic regression models. Landslides, 4: 33-41. ) ) ] ]

Lee, S. and J. Choi. 2004. Landslide susceptibility mapping usm% GIS and the weight-of-evidence
model. Intl. Journal of Geographical Information Science, 18: 789- 814.

Mohammady, M., H.R. Pourghasemi and B. Pradhan. 2012. Landslide susceptibility mapping at
Golestan Province, Iran: A comparison between frequencgl ratio, Dempster-Shafer and weights-of-
evidence models. Journal of Asian Earth Sciences, 61, 221-236. ) o
Mohammady, M., H.R. Pourghasemi, B. Neuhauser and B. Terhorst. 2007. Landslide Susceptibility
Assessment Using Weights-of-evidence, Applied to a Study Area at the Jurassic Escarpment (SW-
Germany). Geomorphology, 86: 12- 24.



ol WA il 5 5lee 110 o)lod [piin Jlo el ojs> Cupte aslisagy

27.Mosavi, SM., M. Abedini, A. Esmali and F. Madani. 2016. Landslide hazard Zonation by using Fuzzy
MCDM Models in the GIS (Case Study: 1zeh Urban Watersheds of Khuzestan). Journal of Watershed
Management Research, 7: 78-87 (In Persian).

28.Mathew, J.,, V.K. Jh and G.S. Rawat. 2007. Weights of evidence modeling for landdlide hazard
zonation mapping in part of Bhagirathi valley. Uttarakhand. Current Science, 92: 628-638.

29. Nefedlioglu, H.A., T.Y. Duman and S. Durmaz. 2008. Landslide susceptibility mapping for a part of
tectonic Kelkit Valley (Easten Black Sea Region of Turkey), Geomorphology, 94 : 401-418.

30. Pradhan, B. 2012. Landslide susceptibility mapping at Golestan Province, Iran: A comparison

between frequency ratio, Dempster-Shafer and weights-of-evidence models. Journal of Asian Earth
Sciences, 61; 221-236.

31. Pradhan, B. 2010. Remote sensing and Gl S-based landdlide hazard analysis and cross-validation using
multivariate logistic regression model on three test areas in Malaysia. Advances in Space Research,
45: 1244-1256.

32. Pourghasemi, H.R., B. Pradhan, H.R. Moradi, M. Mohammady and M. Bednarik. 2013. A
Comparative Assessment Between Index of Entropy, Logistic Regression and Frequency Ratio
Models for Landslide Susceptibility Mapping in Iran, Natural Disasters, 4: 1-30.

33.Regmi, N.R., JR. Giardino and J.D. Vitek. 2010. Modeling susceptibility to landslides using the
weight of evidence aptg)roach: Western Colorado, USA, Geomorphology, 115: 172-187.

34.Regmi, A.D., K.C. Devkota, K. Yoshida, B. Pradhan, H.R. Pourghasemi, T. Kumamoto and A.
Akgun. 2014. Application of frequency ratio, statistical index, and weights-of-evidence models and
their comparison In landslide susceptibility mapping in Central Nepal Himalaya. Arabian Journa of
Geosciences, 7: 725-742.

35. Roering, JJ., JW. Kirchner and W.E. Dietrich. 2005. Characterizing Structural and Lithology
Controls on Deep-seated Land sliding: Implications for _Topo%rap_hic Relief and Landscape Evolution
in the Oregon Coast Range. Geological Society of America Bulletin, 117: 654-668.

36.Song, K.Y, J. Oh, J. Choi, I. Park, C. Lee and S. Lee. 2012. Prediction of landslides using ASTER
imagery and data mining models. Advances in Space Research, 49: 978-993.

37. Shirani, K. and A.R. Arabameri. 2015. Landslide Hazard Zonation Using Logistic Regression Method
(Case Study:Dez-e-Oulia Basin), Journal of Science & Technology Agricultural & Natural Resource.,
Water and Soil Science., Isfahan University Technology, Isfahan, Iran, 72: 321-334 (In Persian).

38. Swets, J.A. 1988. Measuring the accuracy of diagnostic systems. Science, 240: 1285-1293.

39.Van Western, C.J. 2002. Use of weights of evidence modeling for landslide susceptibility mapping,
Natural Hazards, 25: 1-21.

40. ggarnes, D.J. 1984. Landslide hazard zonation: A review of Principes and Practice, UNESCO, France,

pp.

41.Wu, W. and R.C. Sidle. 1995. A distributedslope stability model for steep forested basins. Water
Research, 31: 2097-2110.

42. Wati, S., T. Hastuti, S. Wijojo and F. Pinem. 2010. Landslide Susceptibility Mapping with Heuristic
Approach in Mountainous Area, A Case Study in Tawangmangu Sub District, Central Java, Indonesia,
Iﬂgrgg% onal Archives of the Photogrammetry, Remote Sensing and Spatial Information Science, 38:

43.Yacin, A. 2008. GIS-based landdlide susceptibility mapping using analytical hierarchy rocess and
bivariate statistics in Ardesen (Turkey): Comparisons of results and confirmations. Catena, 72: 1-12.

44.YesInacar, E.K. 2005. The Application of Computational Intelligence to Landslide Susceptibility
mapping in Turkey, Ph.D. Thes's. Department of Geomatics the University of Melbourne, 423 pp.

45.Yilmaz, C., T. Topal, and M.L. Suzen. 2012. GIS-based landslide susceptibility mapping using
bivariate statistical analysis in Devrek (Zonguldak-Turkey). Environmental Earth Science, 65: 2161-
2178.

46.Zhu, C. and X. Wang. 2009. Landslide susceptibility mapping: A comparison of information and
weights-of evidence methods in Three Gorges Area. International Conference on Environmental
Science and Information Application Technology, 187: 342-346.



Journal of Watershed Management Research, Val. 8, N0.15, Spring and SUMMEr 2017 .........cooviriitiiniiniie e ieeeeeeens 160

A Compar ative Assessment between Weights-of-Evidence and Frequency Ratio
Modelsfor Landslide Hazard Zonation in Vanak Basin

Ali Reza Arabameri®, Kuorosh Shirani® and K halil Rezaeei®

1- PhD Student of Geomorphology, Faculty of Geomorphology, Tarbiat Modarres University and Teacher of the
Faculty of Earth Sciences, Damghan University
(Corresponding Author: Alireza.ameri91@yahoo.com)
2- Assistant professor, |sfahan Research Center for Agriculture and Natural Resources, Isfahan, Iran
3- Assistant professor, Department of Geology, Faculty of Earth Sciences, Kharazmi University
Received: February 2, 2016 Accepted: June 19, 2016

Abstract
“In this s_u%Y, Vanak catchment because of high sensitiv_i(tjy to landslide was selected. Then
with geological, topographic maps and field survey, Landdlide hazard map was prepared using

GPS as dependent variaples. A total of 110 landdides were mapped in GIS out of which 77
(70%? locations were chosen for the modelinfg ﬁurfoose and the remaining 33 (30%) points were
used for the model validation. Then layers of the [anddlide conditioning factors including slope
de%ree, dope as#)ect plan curvature, atitude, lithology, land use, distance of road, distance of
fault, distance of drainage, drainage density, topographic wetness index (TWI) and Normalized
Difference Vegetation Index (NDVI) Caculated. The relationship between the predisposing
factors and the landdlides were calculated usi n? weights-of-evidence and Frequency Ratio
Models. Finally, the susceptibility map was classified into five susceptibility classes: very low,
low, moderate, high, and very high. In order to verification, the results were compared with
landslides which were not used during the training of the models. Subsequently, the Receiver
Operating Characteristic (ROC) curves were drawn and the area under curves (AUC) were
calculated for landslide susceptibility maps. Results obtained from validation showed that AUC
for Frequency Ratio and welghts-of-evidence models are 0.917 (91.7%) and 0.890 (89.0%),
Therefore, the results revedled that the Frequency Ratio model is more suitable than the
wa?hts-of-evldenc_e model. Finaly, verification indicates satisfactory agreement between
resulted susceptibility map and existing data on landslide location.

Keywords: Freqéjgncy Ratio model, Landslide, Vanak Basin, Weights-of-evidence, Zonation
mo



