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Introduction

» The China-Thailand railway project
marks the construction of Thailand’s first
dual-track standard gauge midspeed
railways, expected to be 873km-long.

The new railway line will span across
Thailand and connect Vientiane in Laos and
Kunming in China. It is also planned to
reach Malaysia and Singapore in future.

It will be divided into four sections, in S Minh City
Bangkok-Kaeng Khoi (Saraburi), Kaeng R
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https://thaienews.blogspot.com/2015/03/southeast-
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Study Area

Study area covers mountainous area which is part of Saraburi and Nakhon-Ratchasrima provinces.
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Landslide Susceptibility

o Landslide susceptibility is defined as a
possibility of occurrence of landslide in a
particular area once upon a time in the future

Landslide susceptibility mapping delineates the
hazardous zones due to occurrence of

landslides

The present study is focused on preparation of
landslide susceptibility map with an application
of Remote Sensing (RS) and Geographic
Information System (GIS)




Method

Landslide susceptibility
methods/model

Qualitative methods Quantitative methods

Inventory Expert Deterministic Statistical Artificial
mapping evaluation method method intelligence

Heuristic Geomorphologic Bivariate Multivariate
analysis analysis analysis analysis

2o Diagram shows landslide susceptibility methods (Modified from He and Beighley, 2003) @
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Landslide inventory map

A landslide inventory map is the simplest output of
direct landslide mapping. It shows the location of
discernible landslides;

* Historical inventory
* Event inventory

Landslide maps can be prepared by collecting

historical information, or from the analysis of aerial
photographs together with field investigation.




Landslide inventory map

Visual interpretation using Google Earth imagery

With today's technology features on the land surface in locations
all over the world are able to be seen on the Google Earth

A
N
200m
Landslide scars in Saraburi Province (Images from 2013)




Landslide inventory map

Field verification and survey

Landslide scars in Muak-Lek District, Rock fall next to railway in Muak-Lek
Saraburi (0748943E 1716774N) District, Saraburi (0728572E 1620547N)




Landslide inventory map

325 landslide scars were mapped from 1990 - 2017
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Landslide affecting factors

In this study, six independent factors were chosen as
potentially contributing to landslide susceptibility ;

* Slope

* Elevation

* Aspect

» Lithology

* Drainage

* Normalized Difference Vegetation Index: NDVI




Landslide affecting factors
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Method

Landslide susceptibility analysis using statistical method

1. Frequency Ratio
LS = Fr1 + Fr2 +....+ Frn

Frequency ratio methods are
based on the observed
associations between
distribution of landslides
and landslide - related factor,
to expose the correlation

between landslide locations (ArcGis 10.x and Microsoft Excel)
and the factors in the study area

LS is Susceptibility values
Fr is rating of each factor's type orrange

n is number of factors




Landslide affecting factors

% of total area (a) | % of Landslide scar (b) Frequency ratio = (b/a)

1. Lithology Basalt 8.64 0.00 0.00
Shale 6.11 0.38 0.06
Siltstone & Mudstone 18.88 2.68 0.14
Chert 0.52 0.38 0.74
Conglomerate 9.48 0.00 0.00
Granite 0.35 0.00 0.00
Granodiorite 2.89 0.00 0.00
Limestone 13.31 2.30 0.17

Sediments 416 0.00 0.00
Quartz arenite 29.53 8.81 0.30
Rhyorite 5.82 85.44 14.68
Flat(-1) 6.56 0.00 0.00
North(0-22.5) 8.28 9.96 1.20

Northeast(22.5-67.5) 13.69 0.81
East(67.5-112.5) 11.50 0.80
Southeast(112.5-157.5) 11.88 1.52

South(157.5-202.5) 9.84 2.22
Southwest(202.5-247.5) 10.78 1.21

West(247.5-292.5) 10.45 . 0.84
Northwest(292.5-337.5) 12.89 0.33
North(337.5-360) 4.12 . 0.93
0-200 23.36 0.64
200-400 20.40 130

400-600 15.44 1.12

600-800 10.73 1.14

800-1,000 7.23 1.75

>1,000 22.84 0.72
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Landslide affecting factors

% of total area (a) | % of Landslide scar (b) Frequency ratio = (b/a)

4. Elevation 0-200 6.38 2.68 0.42
200-400 65.68 27.97 0.43
400-600 20.75 3142 1.51
600-800 6.29 19.54 3.1
800-1000 0.82 14.94 18.29
1000-1200 0.08 3.45 44.53
1200-1400 0.01 0.00 0.00
0-10 79.42 7.66 0.10
10-20 13.81 18.39 1.33
20-30 5.18 32.95 6.36
30-40 1.39 31.03 22.26
40-50 0.17 7.28 43.34
50-60 0.02 1.92 95.45
60-70 0.00 0.77 172.34
70-80 0.00 0.00 0.00
-1-0 0.70 0.00 0.00
0-0.2 21.39 6.92 0.32
0.2-0.4 65.56 54.23 0.83
0.4-0.6 12.35 38.85 3.15
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Landslide susceptibility classification

Once a landslide susceptibility map is created, it is necessary to divide this
map into different susceptibility classes. For the susceptibility classification
for this study, Relative landslide density (R) which is derived from the ratio of
percentages of total landslide area in each susceptibility class to total area in
the class and gives an indication of the goodness of fit, was used to classify
susceptibility index. The susceptibility classes were meant to be 5 classes (very
low, low, moderate, high, very high). The final landslide susceptibility map
determined by frequency ratio method is shown in figure 6.

(52

R = (@> X 100

Where ni is number of landslides in susceptibility class i,

Ni is total area occupied by the susceptibility class i.
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Landslide susceptibility map

Very low
This zone defines areas with a very low landslide susceptibility level. These areas are assumed to be
stable due to less evidence of landslide susceptibility and overall stable slope conditions.

Low

This zone defines areas with a low landslide susceptibility level. Areas in this zone appear conditionally
stable showing fewer indications of landslide susceptibility. Landslide events are rarely possible

but may occur at slopes, which are undercut, e.g. by road construction.

Moderate

This zone defines areas with a moderate landslide susceptibility level. Landslide events may
occasionally happen in these areas, either triggered by strong rainfall, earthquakes or caused by
inadequate land-use in steep slopes and by slope undercutting associated with road construction.

High

This zone defines areas with a high landslide susceptibility level. New landslide events may occur
or older ones may be reactivated. The distribution is mainly linked to the flanks of the second order
streams and road cuts.

Very high

This zone defines areas with a very high landslide susceptibility level. New landslide event may occur
frequently or older ones may be reactivated. The distribution of the very high landslide susceptibility zones
is predominantly in the steep areas adjoining the shear zone.




Model validation

The success rate based on the comparison between landslides used
in the model and the landslide susceptibility map (Chung & Fabbri, 2003)
and it measures a goodness of fit assuming the model is correct, or how
well the predictive model fits the landslides from which it was derived
(Chung & Fabbri, 2003)

The range of AUC and the corresponding performance index indicating the quality
of the prediction algorithm (Hasanat, et al,, 2010)

AUC

0.99 - 1.00 Excellent (A)
0.80 - 0.90 Good (B)
0.70 - 0.80 Fair (C)

0.60 - 0.70 Poor (D)
0.50 - 0.60 Fail (F)




Model validation

Success Rate Curve for Saraburi-Khorat

i F’ Susceptibilit | Landslid Cumulative
-y Range e % Landslide %

100-100 0.00 0.00

90-100 94.01 94.01
80-100 2.65 96.66

70-100 1.96 98.62
AUC = 0.9699
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Conclusion

The frequency ratio (FR) was chosen because it is simple, logical and has
the ability to be executed without the need for sophisticated software
packages.
In this study, the analysis performed has revealed that different factors
have different influence on landslides occurrence. The most important
parameters have been pointed out above the others were lithology, slope
and elevation. Other factors showed a high importance as well.
However, for each factor, only some classes were found to play a very
important role in the occurrence of landslides.
v" There is a strong indication that landslides are more likely to occur
in Igneous rock (Rhyolite and Andesite).
v" There is a higher frequency of slope failure at relatively high
elevation than at lower elevation as the expected result. The highest
of the slope failures occur at elevations between 1,000-1,200 m.
v" In the case of the relationship between landslide occurrence and

slope, as the slope increases, the landslide frequency generally
increases.




Thank you for your attention
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