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Table 1. Paired comparison values.

Explanation

r s oSt
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Sl G s oo 4 ol s L ole

A factor is very strongly favoured over another

ol Foglae s ale 4y o o3l G bele

A factor is extremely favoured over another

ool 5L 5315 45T A 50

Al Cgeal

Equal importance

653 4 Loed oo S Lo g2 Cnnl

Moderate importance of one factor 3

over another
LA Coenl 5

Strong importance
Ls s el ;
Very strong importance
PRI PERGINY 9
Extreme importance
Slse oglas g oy sl slie
2,4,6,8

Intermediate values between the two
adjacent judgment

Al Jeloe om e eon 02 208
5l S, VIF 5 o\ ¢S Tolerance ;s
S ) il el o et S )
BB S Esl bl el
skl 3 S ey el
sesls I eslexsl U Tolerance  VIF  ,sls
m oS 4 SPSSI6 il 5 55 gsledas
NIRRT N PRUS NEUNICI I (]
S ol Ol o cod 5l Lol b ol
(SIS slosl ghate ol it g ol s
S i Sl sad Jlg atls wal
sa=ls (SPD ol > ouds atls (NDVD)
SSns Sedp jatls (STD ) o
(ASR) adke gui;r b axls (TPI)
5 (Roughness) I S 55 i gl bl gl
Ob Sls ep e bl LS SIS

L Bl g3lwd e

00

b LSM) (ol ol 428 Salg U3

L Jelss oS 055 b e ool Sl onlisd

2 A Jelse 05 s Sl pe S eslin

2335 tplona V1l G AHP 25, s S50
(E7)

LSM = Y- (Bel; x Wi) ()

Sl IS O35 Bely by slas noOT s S
s 0oy dalsd AU jameesls gy L Jelse
23 A5 Jeolse SIS 055 W 5 (el onla)

sl AHP  goen 215 sy b Josad e

=W

2 A3 Jelge o hEer Ced Jod 5 48
o (RS el AAE 4 53 1A
o b s 03 S Jelse (m ees
sbws slayexls 5l Tolerance 5 VIF il



IYAY (0) o ko (Y0) s S g O Chlin s yidgss 4 i

(PR 53 F3 Sl (S es Ces Y i
Table 2. Multicollinearity test among conditioning factors.

VIF Tolerance Factor Lle VIF  Tolerance Factor Jsle
0.54 2.5 Elevation ols)| ok 0.9 1.01 Lithology s
0.86 1.08 Slope .t 0.023 133 NDVI _alS ity asl
0.04 19.5 Aspect ot Cgr 0.012 12.9 SPI aal .l &y asls
0.45 2.8 Plan curvature sk sl 0.38 2.9 TWI 315 55 s 2l
0.02 15.8 Profile curvature shais sl 0.08 238 STI g fom il
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0.55 24 Slope length .. J 4b 0.61 9 SAR o Cols S
0.58 22 Distance to river «al i 5l dolb  0.064 18.5 TP 31 S 5 55 Cundgn Lasls
0.32 3.2 Distance to fault |5 5 alols 0.025 14.7 ASR sy o il asls
0.01 12.8 Drainage density «sl | oSl 0.026 14.9 Cross section sblize (Lol
0.23 3.6 Distance to road osl> 3| akols 0.053 19.9 Roughness il S 55 5,15
0.65 2.1 Land cover 5l 8 0.038 16.4 Fault density |.S .s1;
0.01 12.1 Soil Texture S sl 0.029 15.9 Soil Type S ¢ 5
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Table 3. Degrees of belief (Bel), disbelief (Dis), uncertainty (Unc) and plausibility (Pls) in EBF model.

Bel) (Dis) (Une) (bl SNBSS Kl B Jl
landslide pixels pixel domai Classes Parameters
0.140 0.164 0.696 0.836 1545 72338 <2300
0.130  0.165 0.706 0.835 4222 213627 2300-2500
0.089 0.189 0722 0811 3716 271812 2500-2700 () ¢l
0.080 0.182 0738 0.818 2181 177763 2700-2900 Elevation (m)
0270 0.146 0.584 0.854 3337 82850 2900-3200
0292 0.154 0.554 0.846 1923 44302 >3200
0.078 0.194 0729 0.806 2203 217400 <5
0.140 0.170 0.690 0.830 3889 215354 515
0.181  0.158 0.661 0.842 3961 170168 15-20 (m3)
0.198 0.156 0.645 0.844 3519 138321 20-30 Slope (%)
0229 0.156 0.615 0.844 2673 91270 30-40
0.175 0.165 0.660 0.835 679 30179 >40
0357 0300 0343  0.700 4039 170219 Concave i
0245 0407 0349 0.593 8874 541183 Flat Jf yos Sl
plan curvature
0399 0293 0308 0.707 4004 151478 Convex o
0.107 0208 0.685 0.792 6833 455204 <4
0.181 0.141 0.678 0.859 7137 283362 4-8
0.167 0.160 0.674 0.840 2479 106639 8-20 () e Jsb
0.191 0.163 0.646 0.837 400 15074 20-40 Slope length (m)
0.196 0.164 0.640 0.836 56 2061 40-80
0.159 0.164 0.677 0.836 12 540 >80
0375 0.181 0444 0819 11268 457250 <7
0.197 0295 0.507 0.705 3490 265529 79 ot atls
0243 0264 0494 0.736 1841 114338 9-12 TWI
0.185 0260 0.555 0.740 318 25763 >12
0.133 0228 0639 0772 4606 314599 <100
0.172 0201 0.627 0.799 3941 209993 100-200 (o) ol 3 sl
0230 0.188 0582 0812 3508 140525 200-300
0290 0.184 0526 0.816 2796 89477 300-400 Distance to river (m)
0.175 0.199 0.626 0.801 2065 107938 >400
0.195 0.463 0341 0537 7493 529929 <1.07 I
0426 0237 0337 0.763 7707 253846 1.07-1.2 ;
0379 0299 0322 0.701 1627 60072 >1.2 SAR
0.184 0207 0.609 0.793 6965 369711 <500
0216 0.193 0591 0.807 4113 186443 500-1000 e 5t
0.162 0206 0.632 0.794 2449 147299 1000-1500
0237 0.195 0.568 0.805 1789 74218 1500-2000 Distance to road
0201 0.199 0.600 0.801 1608 78099 >2000
0.074 0.152 0774 0.848 648 82737 Qf2
0231 0.127 0.642 0873 6686 277793 Klsol
0.155 0.159 0.686 0.841 5539 340966 Jkbl s
0321 0.135 0.544  0.865 2029 61273 Kbgp
0218 0.140 0.642 0.860 1997 87731 Ksm,1 Lithology
0 0144 0856 0.856 0 10193 Javt
0 0143 0857 0.857 0 200 Ktzl
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Continue Table 3.
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landslide pixels  pixel domai Classes Parameters
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m
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(= ) Su,L
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Rainfall (mm)
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S 6 S
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Figure 3. Results of EBF model. A.belief, b. disbelief, p. plausibility, t. uncertainty.
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Figure 4. Weights of effective factors in AHP model.
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Figure 6. ROC curve for the landslide susceptibility map produced by EBF-AHP model.

At b s 3lis 5 (51 paedas o — a3 055 s 53 Comles G S o lews Ao s £ i
Table 4. Area percentage of the susceptibility classes in EBF-AHP model and SCAI values.
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Area (km) classes
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22498 0.873 22.498 3.406 19.644 148118 High L EBF-AHP model
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Abstract

Background and Objectives: During the past decades, landslides have been a significant
subject of research as a consequence of their devastated nature. Landslides are common
geomorphic processes in mountain areas and are responsible for mass movements involving
rock materials, regolith and/or soil debris. For manufacture roads, railways, water pipe line and
electric line, the preparation of landslide distribution map is very much significant. Determining
the occurrence of future landslides depend on the geological, geomorphological and
hydrological processes that led to instability in the past and also at present. To assessment
terrain susceptibility to landslides, a number of various techniques are used, ranging from
qualitative assessments based on expert judgment, which are intrinsically subjective to
quantitative assessments based on advanced statistical techniques or mathematical models. The
purpose of this research is landslide susceptibility mapping in Fereydoun Shahr watershed using
a combination of data-driven and knowledge-based methods.

Materials and Methods: The steps of methodologies that were applied in the current study,
including six steps. Stepl. data sources that are used in the current study including data related
to field surveys, historical reports, topographic maps of 1:50,000-scale, meteorological data,
geological map of 1:100,000-scale, A digital elevation model (DEM) with the resolution of
30 m x 30 m was extracted from the ASTER GDEM data, The Landsat 8 OLI images with the
resolution of 30 m x 30 m. Step2. Preparing the inventory map. In this study, a landslide
inventory map with a total of 80 landslide events was provided by the extensive field survey,
Interpretation of aerial photos of 1995 with a scale of 1:40000 by stereoscopy as well as satellite
images of Google Earth. Step3. Landslide-conditioning factors. Step4. Multicolinearity analysis
of landslide conditioning factors. In the current study, 12 factors were used as conditioning
factors. These include elevation, slope, plan curvature, stream length, distance from streams,
topography wetness index, surface area ratio, distance from roads, lithology, distance from
faults, rainfall and land use. Step5. Combination of EBF data driven and AHP knowledge driven
models according to the relation between the landslides location and the different datasets.
Step5. Validation of models using AUC and SCAI indicators.

Results: The results of the multicollinearity test among the parameters using Tolerance and
variance inflation factor indicators showed that among the 26 initial conditioning factors, 14
factors have multicollinearity, As a result, this factors were eliminated from the modeling
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process and modeling was performed using 12 parameters. Results of the spatial relationship
between landslide and conditioning factors using the EBF (belief, disbelief, uncertainty and
plausibility) model revealed that high potential of landslide occurrence was for the areas with
high degrees of belief and low degrees of disbelief. Weighting of conditioning factors by AHP
showed that parameters of lithology, elevation and distance to road, slope and rainfall are the
most effective prediction factors in landslide occurrence. The consistency ratio shows 0.034
value, which is reasonably good accuracy value, which reflect the high accuracy of ranking
consistency between the factors.

Conclusion: Due to some shortening of the AHP knowledge driven and EBF data driven
models when applied individually in landslide susceptibility mapping, it can be overcome by
using ensemble techniques. The AUC results showed that the success rate and prediction rate
for ensemble model are 0.872 (78.3%), 0.903, respectively. results of SCAI values of the
ensemble model is desirable, in the high and very high susceptibility classes. The resultant
landslide susceptibility map show that the high susceptibility areas are mainly distributed along
the northwest to west direction in the study area. This map can provide very useful information
for planners, decision makers and engineers in slope management and land use planning in
landslide areas.

Keywords: Data driven methods, Ferydoun Shahr watershed, Knowledge driven methods,
Validation
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