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Summary

To clarify the distributions and features of slope failures in Tarumizu City, Kagoshima Prefecture, caused by typhoon
Nabi in September 2005, field surveys and interpretations of aerial photographs were carried out. The results were char-
acterized as follows:

(1) Many slope failures were distributed on steep slopes, and within ranges investigated they were seen to have debris
flows among them. Several types of erosion and slope failures were observed within the ranges investigated; shallow
landslides resulting from the infiltration of rain water into Ito pyroclastic flow deposit slopes, sedimentary rock and granite;
failures occurring on the shoulder reaches of cutting slopes and the upper reaches of slope failure scars that resulted
from the infiltration of rain water into Ito pyroclastic flow deposit and granite slopes; and deep-seated landslides resulting
from groundwater between sedimentary rock, and the volcanic ash and volcanic pumice layer, combined with an influx
of rain water, in sedimentary rock slopes.

(2) The areas of slope failures generated on lto pyroclastic flow deposit slopes varied between 27 m* and 1,487 m” (av-
erage 390 m?), the areas of slope failures generated on sedimentary rock slopes varied between 21 m”® and 2,572 m’” (av-
erage 437 m®), and the areas of slope failures generated on granite slopes varied between 101 m? and 670 m® (average
357 m?). About 80 percent of the slope failure areas were less than 600 m?. Deep-seated landslides resulting from
groundwater between sedimentary rock, and the volcanic ash and volcanic pumice layer, combined with an influx of rain
water on sedimentary rock slopes showed a large value compared with other types of erosion and slope failures within

the ranges investigated.
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1. Introduction

The sediment-related disaster following typhoon Nabi oc-
curred over a wide areas of Kyushu, Chugoku and Shikoku from
the 6" to 7" September 2005. From the 4" to the 6", a total rain-
fall of 600 mm or more fell (Takatoge automated meteorological
data acquisition system, 2005), resulting in slope failures and
frequent debris and mud flows on the Osumi peninsula in
Kagoshima Prefecture. The sediment-related disaster caused the
deaths of five people and considerable damage to houses, engi-

neering works and the agriculture, forestry and fishing industries

in Tarumizu City Kagoshima Prefecture. The typhoon also
stopped traffic on the national road passing through Tarumizu
City due to the large amount of sediment, and a village was tem-
porarily isolated (Taniguchi et al., 2005).

Sediment-related disasters due to slope failures, and debris
and mud flows have occurred frequently in Tarumizu City. For
example, the sediment-related disaster caused by slope failures
and debris and mud flows due to the heavy rainfall of typhoon
No.11 in July, 1989 and the sediment-related disasters caused by
heavy rainfall in 1992 and 1993 (Jitousono and Shimokawa,
1995).
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The authors carried out field investigations and interpretations
of aerial photographs to clarify the distribution and features of
slope failures in Tarumizu City as a result of typhoon Nabi. The

results of this investigation are presented and discussed in this

paper.

2. Rainfall generated by typhoon Nabi

Rainfall from the 4" to 6" September, as recorded by a
Takatoge automated meteorological data acquisition system, re-
vealed a maximum hourly rainfall of 38 mm. Further, total rain-
fall was 600 mm or more and heavy rainfall due to typhoon Nabi

continued for a comparatively long time.
3. Study area and method

The study area was Tarumizu City in Kagoshima Prefecture,
situated to the east of Sakurajima Volcano (Fig. 1). Sediment-
related disasters have occurred frequently in Tarumizu City; re-
cent sediment-related disasters caused by slope failures, and
debris and mud flows due to the heavy rainfall include that from
typhoon No.11 in July, 1989, and those in 1992 and 1993
(Shimokawa & Jitousono, 1994; Jitousono & Shimokawa,
1995).

After typhoon Nabi, an aerial photograph was taken and
ranges set as enclosed by the solid line in Fig. 1. A distribution
chart detailing slope failures and debris flow scars was made
within those ranges. Further, to clarify the nature and scale of
the slope failures caused by typhoon Nabi, we investigated the
form of slope failure, geological and geomorphological features,
the presence of spring water, shapes of slopes, inclination of
slopes, vegetation, and the magnitude of slope failure within the
same ranges.

Fig. 2 shows superficial geological map (Kagoshima
Prefecture, 1990) of the study area. The geology of the study
area consists of sedimentary rock and granite intruded into the
sedimentary rock, overlaid with pyroclastic falls and flow de-
posits, volcanic ash and volcanic pumice resulting from succes-

sive eruptions of the Sakurajima Volcano.

4. Distribution and features of slope failures gener-
ated by typhoon Navi in Tarumizu City

Fig. 3 shows a chart of slope failures and debris flow scars
made up from aerial photographs taken after typhoon Nabi
within the ranges noted in Fig. 1. Fig. 4 shows a chart of slope

failures and debris flow scars made up from a combination of
aerial photographs taken after typhoon Nabi within the ranges
noted in Fig. 1 and the superficial geological map. 254 slope
failures were detected within the ranges; 171 were generated on
slopes consisting of Ito pyroclastic flow deposits, 75 on slopes
consisting of sedimentary rock, and 8 on slopes consisting of
granite. Many failures were on steep slopes, and debris flows
were seen to have occurred among them.

The area of a slope failure due to an individual slope failure
was calculated from the chart of the slope failure scars. Fig. 5
shows frequency distributions of areas of slope failures for each
geological division within the noted ranges. About 80 percent of
the slope failure areas were less than 600 m’.

The area of slope failures generated on slopes consisting of
Ito pyroclastic flow deposits ranged from 27 m’ to 1,487 m’,
with an average of 390 m”. The main types of erosion and slope
failures in Ito pyroclastic flow deposits were shallow landslides
resulting from infiltration of rain water into slopes (Fig. 6), fail-
ures occurring on the shoulder reaches of a cutting slope, and the
upper reaches of slope failure scars resulting from infiliration of
rain water into slopes.

The areas of slope failures generated on slopes consisting of
sedimentary rock ranged from 21 m’ to 2,572 n?’, with an aver-
age of 437 m’. The main types of erosion and slope failures in
sedimentary rock were shallow landslides resulting from the in-
filtration of rain water into slopes (Fig. 7), deep-seated land-
slides resulting from groundwater between sedimentary rock,
and the volcanic ash and volcanic pumice layer combined with
an influx of rain water (Fig. 8). A part of the sedimentary rock
has weathered due to the effect of groundwater. The area of
slope failure caused by deep-seated landslides was above 2,000
m’. Deep-seated landslides showed a large value compared with
other types of erosion and slope failures within the noted ranges.
This type of slope failure caused a large-scale sediment-related
disaster and four deaths in Tarumizu City (Taniguchi et al.,
2005).

The areas of slope failures on granite ranged from 101 m’ to
670 m’, with an average of 357 m’. The main types of erosion
and slope failures were the same as those on Ito pyroclastic flow

deposits (Fig. 9).
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Fig. 1

Location of the study area.
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Fig. 2 Superficial geological map of the study area.
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Fig. 3 Chart showing the distribution of slope failures and debris flow scars made up from aerial photographs taken after typhoon Nabi
and within the ranges enclosed with a solid line in Fig. 1.



6 TERAMOTO Yukiyoshi - SHIMOKAWA Etsuro * JITOUSONO Takashi

i
Slope failure and
debris flow scar
Range taken aerial
photographs

Sakuragma
Volcang

I oﬁpyroc Tst c?"
nv epos1ts;

/"’ |

Fig. 4 Chart of the distribution of slope failures and debris flow scars made up from a combination of aerial phot_ographs taken after
typhoon Nabi and the superficial geological map.
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Fig. 5 Frequency distributions of area of slope failure for each geological division within the ranges enclosed with a solid line in Fig. 1.

Fig. 6 State of a shallow landslide generated on a Ito pyroclastic Fig. 7 State of a shallow landslide generated on a sedimentary
flow deposit slope. rock slope.
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Takatoge automated meteorological data acquisition system
(1986-2005) Observed data

Yoshinobu TANIGUCHI, Taro UCHIDA, Hiroshi OMURA,
Hirotaka OCHIAI, Masahiro KAIBORI, Tetsuya
KUBOTA, Kaisuo SASAHARA, Takashi JITOUSONO,
Osamu SHIMIZU, Eisuro SHIMOKAWA, Hideki
TERADA, Yukiyoshi TERAMOTO, Hiromasa HIURA
and Shinya YOSHIDA (2005) Sediment disasters caused
by typhoon Nabi (T0514) in September, 2005, Journal of
the Japan Society of Erosion Control Engineering, 58(4),
46-53 (in Japanese with English abstract)

Fig. 8 State of a deep-seated landslide generated on a sedimen-
tary rock slope.

Fig.9 State of a shallow landslide generated on a granite
slope.
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