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Figure 4. Aspect map.

1- Digital elevation mode
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Table 1. Relationship between each landslide conditioning factor and landslides by Dempster-Shafer & FR.

a2l b JonSy S 2l A g sl Sy
bl NG ] _
Predisposing o Total r}umber Landslld(: m(T,, )Bij m(Tp )Bij m(0) FR
factor Class of pixels occurrence pixels
Count % Count %
Jls
31786200 9.6 517500 6.5 0.21 0.11 0.67 0.6
North
3 ,adles
40010400 12.1 768600 9.6 0.16 0.11 0.71 0.7
Northeast
o 36531000 11.1 612900 7.7 0.11 0.12 0.75 0.6
East
) e 48771900 14.8 1496700 18.8 0.09 0.13 0.77 1.2
i Southeast
A (W
spect T 55124100 167 1428300  17.9 0.08 0.12 078 1.0
South
g.)/.'m_));q-
T 50105700 15.2 1879200 23.6 0.08 0.12 0.78 1.5
Southwest
= 38437200 11.6 817200 10.2 0.10 0.12 0.76 0.8
West
(] &dw
i 28098000 8.5 422100 5.3 0.14 0.12 0.73 0.6
Northwest
. 0-200 92626200 28.1 3040200 38.2 0.31 0.17 0.51 1.3
() aal 5l 51 ol 200-500 98073000 29.8 2173500 27.3 0.21 0.20 0.57 0.9
Distance To 500-700 68094900 20.6 1604700 20.2 0.20 0.20 0.58 0.9
rivers (m) 700-1000 46922400 14.2 880200 11 0.17 0.20 0.61 0.7
>1000 23280300 7 243900 3 0.09 0.20 0.69 0.4
B 0-500 155218500  47.1 3370500 42.4 0.33 0.19 0.47 0.9
(o) JoS 51 dols 500-1500 117221400 35.6 3561300 448 0.29 0.17 0.53 1.2
Distance To 1500-2500 31230900 9.4 464400 5.8 0.20 021 057 06
faults (m) 2500-3500 14684400 4.4 503100 6.3 0.13 0.20 0.65 1.4
>3500 10882800 33 43200 0.5 0.03 0.20 0.75 0.1
§5slis
et 7616700 2.3 211500 2.6 0.08 0.08 083 1.1
agriculture
5, s S skS|, K
e A 9740600 59 276300 34 0.04 0.08 087 05
Land use lowforest
i
sy 7898400 2.3 1302300 16.3 0.69 0.07 0.23 6.8
dryfarming_

Ly
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Continue Table 1.

-\ Jij. aalsl

b JS5las a8 sl e
s el .
TEOR s Total number Landslide —
Predisposing Class of pixels occurrence pixels m(Ty, )Bij m(Tp )Bij m(6) FR
factor
Count % Count %
(5 L) bl
Crs B B85 196330700 535 4203000 52.9 0.07 0.08 084 09
mix(lowforest_x)
by S
99262800 30.1 1801800 22.6 0.05 0.09 0.85 0.7
modforest
bage 2w
M 222300 0.0 0 0.0 0.00 0.08 0.91 0.0
modrange
s
& 3357900 1.0 22500 0.2 0.01 0.08 0.89 0.2
orchard
§5slis
et 7616700 23 211500 2.6 0.08 0.08 083 1.1
agriculture
st 989100 0.3 0 0.0 0.00 0.08 0.91 0.0
poorrange
AL olels )l
- ° 72000 0.0 0 0.0 0.00 0.08 0.91 0.0
woodlandl
5040 Y b
ST S 1751400 0.5 900 0.0 0.00 0.08 091 00
Land use urban
B s gsoslis
G2 e 225900 0.0 0 0.0 0.00 0.08 091 0.0
orch_agri
o o
- 11761200 35 124200 1.5 0.03 0.08 0.88 0.4
rock
P s 23851800 7.1 174600 2.1 0.04 0.09 0.86 0.3
Thick dolomite
e Sal
) 11754000 35 51300 0.6 0.02 0.09 0.88 0.1
thick Lime
S50 Kal
8960400 2.7 14400 0.1 0.00 0.09 0.89 0.0
thin Lime
Sl 5 Sal sl
) The frequency of 14994000 45 625500 7.8 026 0.08 064 17
s K limestone and marl
Lithology S ST
] 167807700  50.6 4598100 57.4 0.16 0.07 0.75 1.1
Gray limestone
S S o5k
i 8547300 2.5 129600 1.6 0.09 0.09 0.81 0.6
Gray marl
Setnla 5 05k
9318600 2.8 99900 1.2 0.06 0.09 0.84 0.4
Marl and sandstone
1ol
49131900 14.8 1334700 16.6 0.16 0.08 0.74 1.1
Conglomerate

A
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Continue Table 1.
sl s
b e S slaes _ an‘
b relly ity Total number SA C.ﬁ s - —
Predisposing cl of pixels Landslide m( p)Bij m(Tp)p, m(6) FR
factor ass occurrence pixels
Count % Count %
od gl ol 5
35722800 10.7 980100 12.2 0.16 0.08 0.74 1.1
Old terrace
S S CA:A)JJA
i 999000 0.3 0 0.0 0.00 0.09 0.90 0.0
Gray dolomite
w305l g e
SO o) 433800 0.1 0 0.0 0.00 0.09 090 0.0
Gypsum and red marl
0-700 145143900 44 3726000 46.9 0.40 0.17 0.42 1.0
3l ol 700-1500 65314800 19.8 706500 8.8 0.20 0.19 0.59 04
() o3l 1500-3000 67203900 204 1669500 21 0.20 0.18 0.60 1.0
Distance To
roads (m) 3000-4500 34666200 10.5 1626300 204 0.08 0.22 0.68 19
>4500 16909200 5.1 214200 2.6 0.10 0.20 0.69 0.5
0-12 32934600 10 972000 12.2 0.16 0.21 0.62 1.2
12-25 89812800 27.310 2137500 269 0.23 0.19 0.56 0.9
o 25-40 96997500 29.4 2052000 258 0.20 0.19 0.59 0.8
Slope
40-70 87029100 26.4 2232900 28.1 0.19 0.19 0.60 1.0
>70 22090500 6.7 548100 6.9 0.18 0.20 0.60 1.02
10-15 82467000 25.0 1954800 24.6 0.18 0.21 0.59 09
. L 15-20 130901400 39.8 3668400 46.1 0.22 0.20 0.57 1.1
[l ae
TWI 2025 6710400  2.04 180000 2.2 0.26 0.17 055 LI
>25 251100 0.07 1800 0.0 0.25 0.19 0.54 0.3
0-300 32934600 10.0 113400 14 0.31 0.21 0.75 0.1
el 300-600 89812800 273 711000 8.9 0.21 0.22 0.74 03
ulz‘j ol 600-900 96997500 29.4 5490000 69.1 0.20 0.25 0.66 2.3
SPI
900-1200 87029100 26.4 1567800 19.7 0.17 0.22 0.58 0.7
>1200 22090500 6.71 60300 0.75 0.09 0.08 0.25 0.1
<1500 63504900 19.3 1337400 16.8 0.17 0.20 0.62 0.8
'ijl 1500-2000 69987600 21.2 1593000 20.0 0.18 0.20 0.60 09
Elevation 2000-2500 75087000 22.8 2487600 313 0.27 0.17 0.54 13
(m)
2500-3000 81501300 24.7 1597500 20.1 0.16 0.21 0.62 0.8
>3000 38783700 11.7 927000 11.6 0.19 0.20 0.601 09
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Table 2. Frequency Ratio (FR) and Seed Cell Area Index (SCAI) of landslide susceptibility zonation.

qon Seed S B (eem DG (e A adie
(%) Frequency Area of Area of Landslide Landslide Landslide Models
Ratio (FR) Zones Zones area area Susceptibility
(%) (%) (m?) (%) (m?) Zones
491 1.44 1.79 7.05 21128200 0.49 38700 o
Very Low
4.27 4.79 1.08 20.45 67144500 4.73 375300 o
Low
Lo e Sl S
.72 1599 2.56 27.45 90113400 21.14 1679400
Moderate Frequency Ratio
L .
1.53 1825 2.69 27.94 91733400 24.57 1951200 %
High
Ly s
029 5954 17.83 17.11 56160000 49.08 3897900 ik
Very High
4.36 6.89 0.167 30.06 98667000 2223 1764900 e
Very Low
3.31 4.16 0.558 13.78 45247500 6.15 488700 e
Low
3.31 9.87 1.86 32.62 107091000 34.52 2741400 - S
Moderate Dempster—Shafer
L .
2.10 1037 2.12 21.79 71543700 2423 1924200 %
High
Ly s
0.03  68.71 6.94 1.75 5730300 12.86 1021500 ik
Very High
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Figure 14. Zonatio map by Dempster-shafer. Figure 13. Zonatio map by Frequency Ratio.
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Abstract

Background and Objectives: Landslides are significant natural geologic hazard around the
world. Expansion of urban and man-made structures into potentially hazardous areas leads to
extensive damage to infrastructure and occasionally results in loss of life every year.
Identification of factor affecting existing of landslide as well as its zonation in the given
watershed is one of the basic tools for landslide control and selection of appropriate and
effective solution as well. Thus, a research study with objective of recognizing factor affecting
landslide and determination of lands with hypothential to its occurrence was conducted to
prepare landslide zonation map for the Sorkhoon watershed using Dempster-shafer and
frequency ratio models.

Materials and Methods: To reach this goal, after preparing of Landslide inventory map using
field survey and aerial photo interpretation, data layers of distance from stream, distance from
faults, elevation, slope, aspect, Topography wetness index (TWI), distance from roads, land use,
lithology and Stream Power index (SPI) as Factors affecting landslides were selected and after
applying Dempster-shafer and frequency ratio methods the final Landslide Hazard zoning was
prepared. For calculating of weight of affective factors, was used the analytic hierarchy process
in the software of expert choice. To validation of used methods the ROC curve was used.
Results: The main factors that caused the landslides in this area based on field observations and
Expertise opinions include lithology, distance from roads and slope, respectively, with scores
(0.181, 0.163, 0.145) and vis-a-vis factors of elevation, slope and topography wetness index
(TWI) respectively with scores (0.018, 0.036, 0.054) have the lowest impact on landslides.
According to the results, frequency ratio models have obtained higher AUC (0.927) as
compared to the Dempster-shafer (0.858) that shows the high correlation between hazard map
and distribution map landslide inventory map and better evaluation of frequency ratio toward
Dempster-shafer model.

Conclusion: The results of the validation showed that the frequency ratio model has higher
efficiency and accuracy toward Dempster-shafer model for preparing of zonation map. Based on
the results of the frequency ratio model 21128200 square meters (7.05 percentage) of the region
located in the very low risk class, 67,144,500 square meters (20.45 percentage) of the area
located in the low risk class, 90,113,400 square meters (27.45 percentage) located in the
moderate Risk class, 91733400 square meters (27.94 percentage) of the area located in the high
class and finally 56.160000 square meters (17.11 percentage) of the area located in the very
high risk class.

Keywords: Landslide, Zonation, Dempster-shafer model, Frequency ratio model, Validation
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