Generation of Land Disaster Risk Map from LANDSAT TM and DTM data
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Abstract

In this study, we suggest to use slope stability analysis for prediction of land disaster
with use of remote sensing data. Generally, slope stability analysis has been applied
to only the area where landslide had been occurred. However, we attempt to apply it
to all areas regardless of landslide occurrence . A method of landslide risk mapping
has been developed with use of remote sensing data, DTM, and ground survey data of
geology and soil mechanics. The result showed very high accuracy for prediction of
potential landslides. The developed method will be useful for landslide disaster
preparedness or targetting in the wide and steep areas such as SHIKOKU lsland
where landslides occurred very often because of the big size of active faults.
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1. Introduction

The prediction of land disaster is very impor-
tant. Before reclamation and settlement, it is neces-
sary to extract dangerous zones to land disaster.
Land disaster is related to many factors such as wa-
ter balance, geology, topography and soil mechan-
ics. Many reports and thesis on prediction of land
disaster have been published generated using statis-
tical method or field survey. These methods include
some problems. Because, statistical method does not

depend on a mechanism of land disaster, and field -

survey needs labor force. Therefore these methods
are difficult to.be applied to wide area. However,
remote sensing or photogrammetric technology will
be possible to apply to wide area.

In this study, we suggest to use slope stability
analysis for prediction of land disaster with use of
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remote sensing data. Generally, slope stability
analysis has been applied to only the area where
landslide had been occurred. However, we attempt
to apply it to all areas regardless of landslide occur-
rence . In this study, land disaster risk map can be
generated using remote sensing data and
DTM(Digital Terrain Model) data. Finally, the rela-
tionship between land disaster risk map and loca-
tion of landslide was evaluated.

2. Methodology

In this study, slope stability which can be
safety factor as calculated by ratio between driving
moment and resistance moment, is derived from
remote sensing data and DTM. There are several
methods on slope stability analysis as follows:

Fellenius Method (1927)
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Fig.1-a |llustration of Fellenius Method

Bishop Method (1955)

Jamb Method (1957)

Morgenstern Method (1965)

Spancer Method (1968)
In this study, Fellenius method was selected, be-
cause, number of unknown coefficients is less than
other methods, so that it is easy to calculate auto-
matically by computer. In this method, landslide
type is assumed rotational slip(Fig.1-a). Moreover,
when landslide soil is divided into some slices in
order to calculate moment along the critical circle.
Therefore, some parameters shall be calculated as

follows:
R:  Radius of Critical Circle (m)
W:  Weight of Each Slice (t/m)
o Angle between Horizontal Axis and the
Base of Slice (degree)
L:  Length of the Base of Slice (m)
C:  Cohesion (t/m?)
: Angle of Shearing Resistance (degree)

Using these parameters, on each slice(Fig.1-b), driv-
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ing moment(T) and resistance moment(N) are calcu-
lated by the following equation.

T=R W-sina Eq.1
N=R(C L +tan¢d- W- cos ) Eq.2
W=vy, A :
Y:  Wet Unit Weight of Soil (t/m?)
A:  Area of Slice (m?)

Therefore safety factor(Fs) is calculated by the fol-
lowing equation.

FS =_E__.N
T

The above parameters involved in Eq.1 and Eq.2 will

Eq.3

be estimated or calculated with remote sensing data
and DTM as follows:

1. At each pixel, slope direction is determined
from DEM. ‘

2. Profile is drown up along this direction.

3. Length and depth of landslide which give
radius of the critical circle can be deter-
mined from ground truth data.

4. Parameters of C and ¢ are determined from
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geological map or remote sensing data
based on experimental data.

5. Safety factor is calculated by Fellenius
method.

3. Materials

In this study, selected test area is the Central
SHIKOKU Island, Japan. This area is very complex
on geological feature, and many landslides oc-
curred. The size of test area is about 13km * 14km.
We selected LANDSAT TM data for remote sensing
data, because it has high resolution (30m / pixel)
with 6 which include
region(Fig.2). The data were acquired on May 8§,
1985. DEM (Digital Elevation Model) data were gen-
erated from 1:25000 topographical map(Fig.3). Geo-
logical data were generated by converting the
1:50000 geological map to raster type data(Fig.4). All
data were resampled in 30m grid size in order to al-

channels thermal

low the overlay .
4. Determination of Parameters

87 landslide areas on SHIKOKU Island were
sampled to obtain the parameters as follows. .

4-1 Estimation of Landslide Scale

Fig.5 shows the histogram of landslide length,
while Fig.6 shows the one of landslide depth. The
most frequent landslide has 60 meters in landslide
length and 10 meters in landslide depth. However,
mainly due to the low resolution of LANDSAT
TM(30m), the bigger scale of landslide was selected
as a target for land disaster risk mapping in this
study. In this respect, 240 meters in landslide length
and 30 meters in landslide depth were set up for the
study, which gave the radius of the critical circle(R =
600 - 800 meters).

4-2 Estimation of Soil Mechanics
- Unit Weight of Soil:
soil was measured in the field survey as shown in

Wet unit weight of

(Fig.7). From this graph, unit weight of soil of 1.9t/
me.

- Cohesion and Angle of Shearing Resistance:
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Table 1 Geology and Shearing Force

Geology | C(um?) 0 (°)
Quartz-Schist 2.0 15
Meta-Diabase 3.0 20
Sand-Stone 4.0 25




Cohesion and angle of shearing resistance were
measured by direct shear test. Relationship between
cohesion and angle of shearing resistance is shown
in (Fig.8). The cohesion ranges from 2 to 7 t/m?
while the angle of shearing resistance range from 15
to 40 degree for unsaturated. These parameters ac-
cording to the geological feature. There are three
types of geology in the test area, which are quartz-
schist, meta-diabase and sand-stone. The parameters
with respect to the geological types were assummed
as listed in (Table 1).

4-3 Reduction of Cohesion by Water Content

There is a problem about determination of
cohesion, because it was assumed for unsaturated
soil. Cohesion varies according to soil moisture. For
example, in case of saturated soil, cohesion reduces
to a half(Fig.8). Therefore, cohesion must be reduced
according to water content or landcover. Fig.9 shows
the landcover map generated from LANDSAT TM
image. Landcover was classified into 4 class(Water
area, Grassland, Forest and Bare soil) by maximum
likelihood method. Table2 shows the reduction ratio
for cohesion.

5. Result

A landslide risk map was generated by using
the above parameters as shown in Fig.10. Landslide
area which occurred in the past are marked as sim-
bol of square on this map. From this map, about 90
percent of occurred landslides were located on the
dangerous area where safety factor is smaller than
1.0.

Even though the parameters used in this
study were assumpted roughly, the results shows a
very reliable risk map.

6. Conclusion

In this study, a method of landslide risk map-
ping has been developed with use of remote sensing
data, DTM, and ground survey data of geology and
soil mechanics. The result showed very high accu-
racy for prediction of potential landslides. The de-
veloped method will be useful for landslide disaster
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Table 2 Landcover and
Reduction Ratio

Reduction Ratio

Landcover for Cohesion
Water Area 0.5
Grass Land 0.7
Forest Area 1.0
Bare Soil Area 1.0




preparedness or targetting in the wide and steep
areas such as SHIKOKU Island where landslides
occurred very often because of the big size of active
faults.
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Fig.10 Land Disaster Risk Map




