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Abstract

Landslide hazards are one of the most dangerous natural disasters all over the world. Landslide susceptibility assessment is useful
for land use planners, and it can give the government some guide of management. In the current study, Frequency Ratio model
combined with geographic information system are used in the Xiushui area. Firstly, landslide inventory map in Xiushui area
come from interpretation of satellite images and field survey data. Then 214 (75%) landslides were randomly selected as sample
data, 72 (25%) landslides were selected as verification data. Secondly, the relationship between landslide and influencing factors
was described 10 factors were applied in the model including slope, slope elevation, TWI, SPI, LS, distance to river, distance to
fault, lithology map, rainfall. By using these factors, - corresponding parameters in FR model simulation - were selected. The
results show that the high risk and very high risk of landslide areas - is present/appears for 48.2% of the region. In the course of
model validation, the results were validated using ROC curve. The AUC of Frequency ratio model was 80.5%. Therefore, the
landslide susceptibility index map of Xiushui is valuable for decision maker in landslide prone area.
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1. Introduction

Landslide is one of the most threatening disasters to human life all over the world. Every year, we may read the
report about - significant human losses - caused by landslides(Lan et al., 2004). Therefore, it is important to do some
research why landslide is so frequent and what in order to prevent it. Many scholars concentrated on the trigger
factor of landslide; —with different results (Lee and Oh, 2012; Tien Bui et al., 2012). However, earthquake and
rainfall are two major induced factors in landslide occurred(Yilmaz et al., 2011). Besides, there are also a lot of
model in landslide susceptibility mapping, such as frequency ratio, artificial neural network, decision tree, weights
of evidence, fuzzy logic(Bagherzadeh and Mansouri Daneshvar, 2012; Ilanloo, 2011; Poudyal et al., 2010;
Pourghasemi et al., 2013; Tsai et al., 2013).

In the current study, the main aim is to assess the landslide susceptibility in the Xiushui area, the Jiangxi province,
China using frequency ratio model. The frequency ratio model is considered as easy to apply in - GIS. No research
in landslide susceptibility assessment has been conducted before in this area, so we - used the frequency ratio model
in landslide susceptibility mapping.

2. Study area and data used
2.1 Study area

The Xiushui area is located in the Northwest of the Jiangxi Province, in the centre of Mufu and Jiuning moutain.
The study area lies between - 28 °40° N and 29°37° N, and - 113°93” E and 114°94’ E. It covers an area of about 4504
km?. Xiushui is a typical mountainous county. Territory is surrounded by hills, North Mufushan, South nine Ridge
Hill, is Northeast Southwest direction, from the periphery to the center, followed by Zhongshan, low mountains,
hills and valley terrain. In the low mountains, accounting for 65% of the total area of the high places, accounting for
20.5% of the total area, accounting for 13.5% of the total area of low hill, valley terrace accounted for only 1% of
the total area (Rewrite the sentence or make link to a picture).

Xiushui area belongs to the subtropical monsoon climate, with the average annual precipitation of 1634.1 mm, the
average annual temperature is 16.7°C, and the average annual sunshine is 1600.4 hours. In the Xiushui area, no
information about earthquake-induced landslides have been reported, the high amount of rainfall is considered as the
main trigger factor for the occurrence of landslides. Many rivers in Xiushui county territory, water resources are
very rich, the theoretical reserves amounted to 390000 (390 MW) kilowatts, can be developed for the 200000
kilowatts, accounting for reserves of 51.28%. The minerals of Xiushui- are composed of gold, white tungsten, coal,
quartz, clay, various stones, etc.

2.2 Data

The landslides inventory database for the Xiushui area is including 288 landslide events (Fig. 1). 214 landslide cases
(75 %) out of 288 detected landslides were randomly selected for training, and the remaining 72 (25%) landslide
cases were used for the model validation purposes. The condition factor of landslide is very complicate, so in the
study area, for landslide susceptibility modeling were used of fourteen conditioning factors namely slope angle,
altitude, slope aspect, topographic wetness index (TWI), slope-length (LS), Stream power index (SPI),distance to
rivers, distance to faults, , annual rainfall, and Lithology.

3. Method

The landslide susceptibility map (LSM) was calculated by summation of each factor’s ratio value using following
equation (Lee and Pradhan, 2007)(Eq. 1):

LSM =} FR (1)

The calculation steps for an FR for a class of the landslide-influencing factor are below (Lee and Pradhan, 2007)(Eq.
2):
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where, A is the number of pixels with landslide for each factor; B is the number of total landslides in study area; C is
the number of pixels in the class area of the factor; D is the number of total pixels in the study area; and FR is the
frequency ratio of a class for the factor.
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Fig. 1 Landslide location map of the study area.

The ROC curve is constructed by plots the true positive rate (sensitivity) against the false positive rate (1 -
specificity) with the various cut-off thresholds(Pradhan and Lee, 2010). Area under the ROC curve (AUC) could be
used for quantitatively comparison of these models. An AUC value of 1 indicates a perfect model and when AUC
equal 0 it indicates a non-informative model(Lee and Sambath, 2006). The definition is as follow:

TP+TN
Accuracy = hi (3)
TP+ TN+ FP+FN
e TP
Sensitiviy = ————
TP+FN “)
Specificity = ———
peetielty = b T TN (5)
Positive predictive value = P
FP+TP 6)
Negative predictive value = _IN_
FN+TN 7

where TP (True positive) is the number of landslide pixels correctly classified to the landslide class, TN- True
negative is to the total number of non-landslide pixels correctly classified to the non-landslide class. FP (False
positive) is the number of landslide pixels classified to the non-landslide class; FN (False negative) is the non-
landslide pixels classified to the landslide class(Xu et al., 2012).
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Table.1 Frequency ratio values of landslides-conditioning factors.

Factor Class No.Pixe!s in No. Qf % Pixel‘s in % Landslides FR
domain Landslides domain

0-5 88802 46 0.20 0.21 1.08
Slope angle 5-15 146866 104 0.33 0.48 1.48
(Degree) 15-30 180900 60 0.40 0.28 0.69
30-50 34363 4 0.08 0.02 0.24
>50 4 0 0.00 0.00 0.00
70.1-246.6 154138 84 0.34 0.39 1.15
Altitude 246.6-408.5 134904 73 0.30 0.34 1.16
(meter) 408.5-604 93504 35 0.21 0.16 0.78
604-877.7 52798 10 0.12 0.05 0.40
877.7-1706.6 16079 2 0.04 0.01 0.26
Flat 29616 15 0.07 0.07 1.06
North 27840 6 0.06 0.03 0.45
Northeast 51470 16 0.11 0.07 0.65
East 54618 28 0.12 0.13 1.07
Slope aspect Southeast 60821 39 0.13 0.18 1.34
South 58352 33 0.13 0.15 1.18
Southwest 54058 30 0.12 0.14 1.16
West 54516 23 0.12 0.11 0.88
Northwest 59644 24 0.13 0.11 0.84
<7 322213 148 0.71 0.69 0.96
TWI 7.7-18.3 129192 66 0.29 0.31 1.07
>18.3 18 0 0.00 0.00 0.00
<20 287045 169 0.64 0.78 1.23
20-40 95175 30 0.21 0.14 0.66
LS 40-60 37100 10 0.08 0.05 0.56
60-80 14430 5 0.03 0.02 0.72
>80 17673 0 0.04 0.00 0.00
<100 318769 165 0.71 0.76 1.08
100-300 82395 33 0.18 0.15 0.84
SPI 300-500 19793 6 0.04 0.03 0.63
500-700 9175 4 0.02 0.02 0.91
>1700 21291 6 0.05 0.03 0.59

<100 38 0 0 0 0

Distance to 100-300 5591 0 0.01 0 0
rivers (meter) 300-500 136992 47 0.3 0.22 0.72
500-700 125319 39 0.28 0.18 0.65
>700 183026 128 0.41 0.59 1.46
<500 36114 3 0.08 0.01 0.17
. 500-1000 49657 5 0.11 0.02 0.21
f:?l'lsttsa(“l;: tt:r) 1000-2000 58685 26 0.13 0.12 0.93
2000-3000 112856 47 0.25 0.22 0.89
>3000 194112 133 0.43 0.62 1.44
391.2-733.7 110227 32 0.24 0.15 0.61
Rainfall(mm) 733.7-837.8 114444 54 0.25 0.25 0.99
837.8-938.5 113491 53 0.25 0.25 0.98
938.5-1247.4 113245 75 0.25 0.35 1.38
A 54482 67 0.12 0.31 2.53
B 85615 49 0.19 0.23 1.20
C 38916 18 0.09 0.08 0.91
D 77832 5 0.17 0.02 0.11
Lithology E 38916 4 0.09 0.01 0.16
F 70048 52 0.16 0.24 1.52
G 15566 7 0.03 0.03 0.94
H 7783 1 0.01 0.01 0.27
1 62265 12 0.13 0.05 0.37
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4. Result

The result of landslide susceptibility assessment based on the FR model are summarized in Table.1.In the case of
slope angle, the 5-15 class has higher frequency ratio weight (1.48).In the case of altitude,246.6-408.5 class has
higher frequency ratio weight (1.16). In the case of slope aspect, southeast has higher frequency ratio weight (1.34).
In the case of TWI, 7.7-18.3 class has higher frequency ratio weight (1.07). In the case of STI, <20 class has higher
frequency ratio weight (1.23).In the case of SPI, <100 class has higher frequency ratio weight (1.08). In the case of
distance to rivers, >700 class has higher frequency ratio weight (1.46).In the case of distance to faults, >3000 class
has higher frequency ratio weight (1.44).In the case of rainfall; 938.5-1247.4 class has higher frequency ratio weight
(1.38). In the case of lithology, the class has higher frequency ratio weight (2.53).

5. Discussion and conclusion

Landslides are one of most dangerous disaster all over the world. So it is very important to do some research in
landslide susceptibility mapping. In the current study, frequency ratio model were applied to construct landslide
susceptibility map. 216 (75%) landslides were random selected as train data, 72 (25%) landslides were selected as
verification data. Secondly, we contrast the relationship between landslide and each factor, then, the 10 factors were
applied in the model including slope, slope, elevation, TWI, SPI, LS, distance to river, distance to fault, lithology
map, rainfall, by using these factors, select the corresponding parameters in FR model simulation model. The result
show that the high risk and very high risk of landslide areas accounted for 48.2% of the region. The result is useful
for land use planner and government.
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