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Distribution of slope failures following the 1983 San’in Heavy Rainfall Disaster
in Misumi-Kitsuka area, western Shimane, Southwest Japan

Edgar Pimientd and Shuichiro Yokot&"

Abstract

Small and shallow slope failures frequently occur in maimdus areas worldwide, due to intense rainfall. Regional
hazard assessment on the occurrences of failures is thuspamtamt subject, especially faleveloping countries. One
method of assessing such hazard is based on statistical arlgpiatial distribution of past failures. As a case study for
hazard assessment, we constructed detailed maps expressidsgtiibution of slope failures which occurred during the
1983 San'in heavy rainfall disaster in western Shimasoeithwest Japan. Although similar maps have been already
presented, they did not identify the source areas of failures alone, as they also included the deposit areas of slope failures
and debris flows. For this study, we identified only the source areas of slope failures, using 1:8,000-scale aerial
photographs that were taken just after the disaster. More than 2,300 failures were mapped in the study area. Based on the
distribution of slope failures, we confirmed that they tend to appear in the steeper slopes. The average area of surface of
rupture was about 1,400°mand individual extent was greater in granitic reckan in volcanic and schistose lithologies,
as suggested by previous reports.
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sheets, Misumi quirangle in the west and Kitsuka
guadrangle in the east, covering a total area of 155 km
Slope failures frequently occur in mountainous areas
worldwide due to triggers such as earthquake vibrations or
rainfall. Such failures tend to occur suddenly, and cause
great damage and economic loss. Therefore, the regional The intense rainstorm that triggered the failures in
occurrence of slope failures is serious, especially for western Shimane occurred between Julfy 26d 23, 1983.
developing countries. In the case of slope failures triggered The highest rainfall was recorded in the Misumi area, where
by rainfall, their occurrence generally depends on tota rainfall was 742 mm and maximum hourly intensity
topographic and geogic conditions as well as the intensity was 90 mm/h. The total area flooded was 15,000 ha. Slope
ard duration of rainfall. Although many efforts have been failures, debris flows, and flooding led to 91 deaths, and the
made to predict the occurrences of such failures, hazard overall economic loss was 3&00 million yen (Research
assessment is still an important issue in geoscience. Group of San’in heavy rainfall disaster of Shimane Univ.,
One effective method for assessing slope hazard is based1984). The maximum hourly precipitation (90 mm/h)
on stdistical analysis of past failures. Distribution of slope corresponds to a 150-year recurrence, and the maximum
failures and their relation to topographic and geologic daily precipitation (372 mm/day) corresponds to over a 200
conditions permit statistical estimation of future —year recurrence. Failures occurred from 100 mm of total
occurrences. To obtain such information, we selected the rainfall and from 40 mm/h rainfall intensity (Wada et al.,
Misumi-Kitsuka area of western Shimane, Southwest Japan 1984). Damage was enormous, and the event is thus known
(Fig. 1), where intense rainfall in 1983 caused numerous asthe 1983 San’'in heavy rainfall disaster.
slope failures, with debris flows and flooding. This report There are several reports on geological aspects of the
examines the distribution of slope failures based on disaster. According to Research Group of San’in heavy
statistical analysis. rainfall disaster of Shimane Univ. (1984), most failures
The study area is situated between® &% to 34 50’ were shallow, involving colluvium and residual soil, and
latitude north and 13152’ 30°to 132°7° 30" longitude east.  were related to topograpghiand geologic conditions in
The area corresponds to two 1:25,000 topographic map addition to rainfall intensity. The highest frequency of
failures occurred on 30to 40° slopes, ad the largst $ope
* Department of Geoscience, Gratiigchool of Faculty of Science and failures occurred in granitic rock regions. Many failures
Engineerin i i i : - i- : : :
Ma?sue 693_’()22?3‘2;;f‘:;’il&r:f;::i;iggit;ﬁ.i’gsq)H‘)kk' cho, developed into debris flows. According to Okuda and
**Department of Geoscience, Shimabimiversity, 1060, Nishikawatsu, Okimura (1984), the highest frequency of failures occurred
Matsue 690-8504, Japan, E-maitikota@riko.shimane-u.ac.jp on slopes with gradients of 150 25 , anddebris flows on
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The 1983 San’in heavy rainfall disaster
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Fig. 1. Location of the study area (Misumi and Kitsuka quadrangles)
slopes with gradients between “18nd 26. Wada et al. in the northeastern part of the study area.

(1984) pointed out that slope failures were also related to
geomorphology and weathering zones of topographic
levels.

Research Group of San’'in heavy rainfall disaster of Individual slope failures were identified from
Shimane Univ. (1984) presents distribution maps of slope stereoscopic interpretation of 1:8,000 scale black-and-white
failures in some major areas. However, the maps do not aeial photographs (Kokusai Kogyo Co., 1983) that were
differentiate the source from the deposit areas of the failures taken just after the rainstorm. The aerial photographs were
and debris flows. Consequently, we attempted to make clear and dmost without clouds; their scale and high
distribution maps only of the source areas of individual resolution permitted the mapping of the actual shape and
slope failures in an area whetiee highat density of slope size of even small failures. Failures were identified because
failures and debris flows occurred. the vegetation cover had been removed, and the surface of
rupture had a brighter tone than adjacent areas. As shown in
Fig. 3, many slope failures became debris flows along
streams. However, only their source areas were selected and

The western part of the study area is a coastal area of hills mapped, as shown in Fig. 3. The extents of individual slope
and plains with elevations gerally lower than 150 m; but  failures ranged from large to small. Among these, only
some isolated hills (monadnk&) have elevations between  slope failures wider than 1 mm (corresponding to 25 m on a
260 m and 400 m. The eastern part is more mountainous, 1:25,000 scale map) wereelscted from the aerial
with peaks with elevations of up to 700 m. In general, photographs, and thepositions plotted on 1:25,000-scale
elevation increases gradually from west to east, from sea topographic sheets.
level to about 700 m in the central to eastern part of the
study area.

Some low-relief topographiausfaces occur in the region.
These are the Takatsu-men (70-100 m), Iwamikogen-men We constructed two distribution maps of slope failures
(200-300 m) and Takauchi-men (350-420 m) surfaces using these procedures. The maps (Fig. 4 (a), (b))
respectively; they may control weathering conditions just correspond to the quadrangle sheets of the Misumi and
below such levels (Wada et al., 1984). Kitsuka areas as indicated in Fig. 1.

According to the regional geologic map (Editorial Board As shown in Fig. 4 (a), (b), most surfaces of rupture were
of Geological Map of Shimane Prefecture, 1997), semicircular, and their widths were generally smaller than
lithologies in the study area mainly consist of (a) Paleozoic 50 m. The failures were shallow, and involved soil and
to Mesozoic pelitic and psammitic schists, (b) Paleogene surficial deposits. Some developed into debris flows.
diorites and granitic rocks, and (c) Paleogene rhyolitic to Failures tended to occur on concave slopes in the upper
dacitic pyroclastic and volcanic rocks. In addition to these pats of drainage basins, but also on slope facets. Most
rocks, Quaternary deposits form terraces and alluvial plains failures occurred on steep slopes.
within valleys, as shown in Fig. 2. The predominant vegetatiaover of mountains and hills

Schists form a low hilly terrain with a relatively higher  was forest. Exploited forest areas apparently had a higher
drainage density than the igneous rock terrain. The regional failure density than areas still covered with forest.
structural trend of the schistose rocks is NE-SW. Dioritic Quaternary deposits and flat topography areas were
plutons form isolated high peaks. Volcanic and pyroclastic landslide free.
rocks form a higher mountainous terrain with steep slopes  Failure distribution data wereansferred to tracing films

Aerial photograph interpretation of slope failures

Topographic and geologic outline

Distribution of slope failures
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Fig. 2. Outline of lithological distribution in the study area. After the 1:200,000-scale geologic map of Shimane
Prefecture (Editorial Board of Geological map of Shimane Prefecture, 1997).
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Fig. 3. Slope failures obtained from aerial photography. Each slope failure was interpreted from aerial
photographs (Kokusai Kogyo Co., 1983) taken just after the San’in heavy rainfall disaster. Sources
areas only were setted andnapped.

ard digitized using high-resolution scanning, to produce
two raster maps with a gridfd0 m x 10 m;one cell of the
grid representan area of 100 fof the terain. Maps were Geographic information systems (GIS) and raster maps of
projeced in Universal Transverse Mercator (UTM) slope failures allowed estimation of the size of each failure
coordinates. However, ¢h two adjacent topographic  (based on the number of failure cells) and also comparison
quadrangles had different UTM zones, and different of the dstribution of failures with other spatial data. In the
coordinate systems. Cells where failures occurred were study area, the total area of failures was 3.4°.kamd the
coded as failures cells, and each failure was coded with a average size of rupture surface was 1,400 (i# cells).
number. The total number of failures observed was 2,375, Surface of rupture size values were grouped into classes; the
with 937 in Misumi quadrangle and 1,438 in Kistuka frequency distribution is shown in Fig. 5. Some 40% of all
quadrangle. failures fell in the 500—-1,000 fitlass.
To investigate the relationship between failure size and
lithology, we then compared the failure distribution with the

Slope failure size and lithology
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Fig. 4 (a). Distribution of slope failures in Misumi quadrangle. Only source areas were plotted, based on the interpretation of aerial photographs

(Kokusai Kogyo Co., 1983).

lithologic distribution in thestudy area. Forhis analysis,
lithology distribution was generalized into four classes;
alluvial deposits, volcanic rocks, granitic rocks and schists,
based on the map of Fig. 2. Lithology distribution was also
converted to raster format to compare it with the
distribution of slope failures. The areas of each lithology
class were alluwl deposits 11.8 krfy volcanic rocks 48.1
km??, granitic rocks 40.7 ki) and shists 54.5 krm

GIS functions permitted the overlaying of the failure map
on the lithology map, to determine the lithology class where
each failure occurred. When a failure fell into more than
one lithology class, the class was manually assigned
depending where most of the cells were located.

From the spatial analysis we built a table containing the
following information about each slope failure:
identification, number of failure cells, failure area in square
meters, and lithology class in which it occurred. Numerical

GIS to calculate statistics. For each lithology class (volcanic
rocks, granitic rocks and schists) we estimated the average
size and distribution of size classes of failures.

Fig. 6 shows the frequency distribution of failure size in
relation to lithology. Failuresize varied with lithology. Of
the 1,434 failures within the schists, 44% fell within the 500
-1,000 ni class, and average size was 1,260 @f the 550
failures within the graniticrocks, 25% fell in the 1,000-
1,500 ni class and average size was 1,900 @f the 391
failures within the volcanic rocks, 45% fell in the 500-
1,000 ni class and the avega size was 1,300

The results above indicate that average and predominant
failure size (surface of rupture) in the study area varied for
different generalized lithology classes. Average size of
slope failures in the granitic rock area was greater than the
average size of failures in the schist and volcanic rock areas.
This agrees with the tendency noted in the report of

fields (such as failure area) can also be analyzed within the Research Group of Shimane Univ. (1984), in that granitic
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Fig. 4 (b). Distribution of slope failures in Kitsuka quadrangle. Only source areas were plotted, based on the interpretation of aerial photographs
(Kokusai Kogyo Co., 1983).
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Since slope failures from the San’'in heavy rainfall zzggzggg
disaster involved surficial deposits and residual soil, their 8 1500-2.000 |
occurrence was greatly influenced by soil characteristics. E 1,000-1,500 |

The generalized lithology classes express soil conditions 500‘3'223 i | |
related to the occurrence of failures, because soil ‘ ‘ ‘
characteristics partially depend on the lithology of the 0 10 on ?; 40 %
bedrock. The lithology class may also express topographic S req_"ency( ") _
characteristics that control theccurrence of slope failures ~ Fig- 5. Frequency distribution of size of slope failures based on
in coluvium and residuum: therefore it is an important number of cells of 10-m grid raster data. Highest frequency
) o T ) P corresponds to the 500-1,000%size class.
parametern stdistical analysis of past failures for future

hazard assessment.

Conclusions

(1) The distribution of source areas of slope failures in the
Misumi-Kitsuka area was obtained by air photo
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Fig. 6. Frequency distribution of size of slope failures in each lithologic region based on
number of cells of 10-m grid raster data. Predominant size of surface of rupture varied
with lithology. Failures in granitic rock area were larger than those in schist and
volcanic rock areas.

interpretation, and was diged. Subsquently, more
than 2300 failures were mapped in the area.

(2) Slope failures tended to appear in steep slopes. This Editorial Board of Geological Map of Shimane Prefecture, 1997, Geological
reflects shallow Iandsliding. map of Shimane Prefecture (1:200,000).

(3) Based on digitized data of the occurrences of slope Kokusai Kogyo Co., 1983, 1:8,000 aerial photographic sheets (Misumi-
Kitsuka area).

failures and their comparison with lithology, the average Okuda, S. and Okimura T., 1984, Characteristics of debris flows in Misumi
area of surface of rupture was about 1,406 nand Town. Research of the 1983 San'in heavy rainfall disaskenscience.
individual extent was greater in the granitic rock area  Rep- ShimaneUniv,, no. 3, 33-47 (in Japanese).

than in volcanic and schistose rocks, consistent with Research Group of Samin heavy rainfall disaster, 1984, Geological
. character of slope failure by heavy rainfall of July, 1983, San’in District.
previous reports.

Geoscience Rep. Shimane Univ., no. 3, 3-20 (in Japanese).

Wada, M., Inamoto, A. and Nagata, J., 1984, Slope failure caused by heavy
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