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Record heavy rainfall occurred from July 11 to 14, 2012, in northern Kyushu, Japan. In the Aso region, Aso City, 
Takamori Town, and Minami-Aso Village, the rainfall caused 85 sediment-related disasters and left 25 people dead or 
missing. These sediment-related disasters had the following features. 1) A total of 4,356 failures occurred due to record 
heavy rainfall. 2) In the caldera wall, debris flows occurred in small drainage basins and zero-order channels as well as 
in debris-flow torrents. 3) The sediment-related disasters could be categorized into five types; a) collapses and debris 
flows at the caldera wall, b) collapses in talus deposits, c) collapses in pyroclastic deposits on hillslopes, d) collapses on 
steep slopes of the central cones, and e) collapses and debris flows on the steep slopes around Mt. Neko-Dake. 
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1. INTRODUCTION 
 

Record heavy rainfall occurred from July 11 to 
14, 2012, in northern Kyushu, Japan. In the Aso 
region (see Fig. 1), Aso City, Takamori Town, and 
Minami-Aso Village, the rainfall caused 85 
sediment-related disasters and left 25 people dead or 
missing. 

In Japan, about 1,200 sediment-related disasters 
occur annually due to its geography (73% of the 
land is mountainous or hilly) and climate (the 
average yearly rainfall of Japan is 1,718 mm, which 
is roughly twice the world average) (Fig. 2). 

In 2012, 837 sediment-related disasters occurred. 
Of these, the disasters in the Aso region caused the 
greatest human suffering. 

This paper reports on the characteristics of 
sediment-related disasters. 
 
2. OVERVIEW OF THE REGION AND 

SEDIMENT MOVEMENTS 
 
2.1 Overview of the region 

The Aso region is a caldera zone located in 
Kumamoto Prefecture, Kyushu Island, Japan. The 

Aso caldera is one of the largest calderas in Japan. 
Its somma extends 25 km in the north–south and 18 
km in the east–west directions.  

The collapse forming the Aso caldera occurred 
about 270,000 years ago. A caldera lake is assumed 
to have formed just after collapse, and lacustrine 
sediments lie in the basin. The current central cone 
is thought to have formed about 70,000 years ago. 

Fig. 1 Location of the Aso region 

455



 

Steep slopes surround the central cone and somma. 
The basin of the caldera is urbanized and 

cultivated, and about 46,000 people live in and 
around it. 

The region has a high potential for 
sediment-related disasters, with 221 debris-flow 
torrent channels distributed around the central cones 
and internal slopes of the somma. Past sediment 
flows have caused much damage, including that in 
1990 when a frontal rain event produced 74 
debris-flow torrents that killed 13 people. 
 
2.2 Overview of sediment movements 

A hyetograph for July 11 to 14, 2012, at the 
Aso-Otohime observing station (AMeDAS) is 
shown in Fig. 3. The maximum 1-hour rainfall and 
24-hour rainfall values during this event were the 
largest ever recorded at the station. From 3 to 6 
A.M. on July 12, rain fell at a rate of more than 80 
mm/h, producing most of the debris flows that 
occurred during this event.  

Figure 2 shows the distribution of rainfall from 
July 11 to 14, 2012. The rainfall was concentrated in 
the north, especially in the northwestern part of the 
caldera. At the Kano observing station (Kumamoto 
Pref.), which is located in the northwestern part of 
the somma, the total rainfall was 890 mm. The 
Takamori observing station located to the south 
recorded 293.5 mm during the same period. 

Figure 4 shows the elevation, debris-flow 
torrents, and sediment movements that were 
detected by aerial photographs. In total, 4,356 areas 
of sediment movement were detected. Among these, 
643 failures were detected outside the debris-flow 
torrent channels and dangerous slopes. The 
sediment movement was concentrated around the 
central cones and the northeast part of the inner 
slopes of the somma. Thus, the concentrated areas 
of rainfall (northwest) and sediment movements 

(center and northeast) were incongruent. By the 
same token, in 1990, although the total and 
maximum 1-hour rainfalls at the Ichinomiya 
observing station (Kumamoto Pref.) were lower 
than the rainfall at the Aso-Otohime observing 
station, which is located about 6.8 km west of the 
Ichinomiya station, the sediment movement was 
concentrated in the northeast part of the central cone 
and the inner slopes of the somma. 

The distribution maps and field surveys failed to 
detect any distinct differences in topographical or 
geological conditions between the northeast and 
northwest parts of the caldera. In addition, air 
photograph interpretations failed to show a 
correlation between the sediment movement areas in 
1990 and 2012. These studies failed to identify the 
reasons for the concentration of sediment movement 
in the northeast. 

The committee on countermeasures for 

Fig. 3 Hyetograph for July 11 to 14, 2012, at the Aso-Otohime observing station (AMeDAS) 
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sediment-related disasters in the Aso region (2013) 
has categorized sediment movements into the 
following five types: 1) collapses and debris flows 
at the caldera wall; 2) collapses in talus deposits; 3) 
collapses in pyroclastic deposits on hillslopes,; 4) 
collapses on steep slopes of the central cones; and 5) 
collapses and debris flows on the steep slopes 
around Mt. Neko-Dake. 

 
 
3. OVERVIEW OF CASE EXAMPLES 
 
3.1 Overview of the Toi River basin 

The Toi River, which has a catchment area of 
0.35 km2, was designated as a debris-flow torrent 
channel. The debris flows in the Toi River were 
categorized as Type 1 and had the following general 
features (see Figs. 5 and 6). 
・ Surface failures occurred in upstream pastures 

and downstream forestland. Sediments 
generated upstream stopped in the river channel. 
Sediments generated downstream travelled 

down the stream as debris flow, killing one 
person. 

・ The Toi River did not experience a sediment 
disaster in 1990, when a debris-flow torrent 
occurred in the nearby Nakazono-3 River. In 
contrast, in 2012, only a few collapses were 
detected in the Nakazono-3 River basin. 

・ The alluvial fan of the Toi River has been 
designated as a sediment-related disaster 
warning area. Because of the large amount of 
water supplied from the Toi and Nakazono-3 
rivers, flood damage reached this warning area 
in 2012. 

As shown in Fig. 7, a check dam was constructed 
to prevent future damage in the warning area. 

 

Fig. 4 Map of sediment movements in the Aso region
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3.2 Overview of the Teno Area 

The Teno area, which has a catchment area of 
0.08 km2, was not designated as a debris-flow 
torrent channel or as having dangerous slopes at 
high risk of slope failure. 

The slope failure that occurred in the Teno area 
was categorized as Type 2 and had the following 
general features (see Fig. 8). 
・ Surface failures occurred in the mid-slope 

region of the talus cone, where coniferous 
forest had covered the surface. 

・ Collapsed sediment entrained additional 
volume by eroding the talus slope, and the 

sediment then struck a settlement beneath the 
slope, causing one death. 

・ In 1990, no collapses were detected in the Teno 
area. 

・ The residential area at the foot of the slope has 
not been designated as a sediment-related 
disaster warning area. 

 
 
3.3 Overview of the Izumi River basin 

The Izumi River, which has a catchment area of 
5.02 km2, was designated as a debris-flow torrent 
channel. The sediment movements in the Izumi 
River were categorized as Type 4 and had the 
following general features (see Figs. 9–11). 

・ Many surface failures occurred in the 
grasslands that lie in the middle reaches of the 
basin. 

・ A portion of the collapsed sediment traveled 
down the stream. About 285,000 m3 of 
sediment were assumed to have outflowed from 
the basin. 

・ The check dams captured the sediment, as 
shown in Fig. 10, and protected the residents 
from sediment-related disaster. 

 
 
 

 

Fig. 8 Schematic of the Teno area

Mt. Taka-Dake 

Fig.9 Aerial photo of the Izumi River

Teno Area 

Toi River 

Nakazono-3 River 

Fig.5 Aerial photo of the Toi River and Teno 
area 

Fig.6 Schematic of the Toi River basin

Fig.7 Check dam on the Toi River (under 
construction) (taken in April 2014)
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3.4 Overview of the Furue River basin 

The Furue River, which has a catchment area of 
8.42 km2, was designated as a debris-flow torrent 
channel. The sediment movements in the Furue 
River were categorized as Type 5 and had the 
following general features (see Figs. 12–14). 

・ Many surface failures occurred in the broadleaf 
forest area and grasslands that lie in the middle 
reaches of the basin. 

・ Massive failures occurred near the peak of Mt. 
Neko-Dake. 

・ The Furue River had experienced a 
sediment-related disaster in 1990. Some of the 
slopes that failed in 1990 also collapsed in this 
event. 

・ A portion of the collapsed sediment traveled 
down the stream as debris flows and damaged 
the check dams. 

・ In the 1990 disaster, slope failure generated 
about 630,000 m3 of unstable sediment. Of this 
sediment, about 290,000 m3 reached the main 
stream of the Furue River. About 85,000 m3 of 
the sediment outflowed from the basin and 
caused flooding downstream. 

・ In this event, slope failure generated about 
654,000 m3 of unstable sediment, of which 
about 245,000 m3 was captured by check dams 
on the Furue River (see Fig. 13). 

・ About 111,000 m3 of the sediment outflowed 
from the basin, and countermeasure works such 
as channel works protected residents from 
flood. 

 

 

 
 

Fig.13 Aerial photo of the check dam on the 
Furue River 

Fig.10 Deposits of check dams on the Izumi 
River 

Fig.11 Schematic of the Izumi River basin

Fig.12 Aerial photo of the northwestern side of 
Mt. Neko-Dake 

Mt. Neko-Dake 
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4. INHERENT FACTORS AND FACTORS 
INDUCING THE DISASTER 
 

As shown in the case studies, the types of 
sediment movement varied. Common factors of the 
sediment movements and disasters are discussed 
below. 

 
Inherent factors in the somma 
1) Steep topography: The somma has an altitude 

difference of 300–600 m, and the slopes have 
gradients of more than 30 degrees. 

2) Vulnerable geological structures: The 
stratigraphic succession of the deposits in the 
somma consists of pre-Aso volcanic rocks 
overlain by four major pyroclastic flow 
deposits. These deposits are cut off and 
collapsed by several volcanic dikes. At the 
lower part of the somma, thick, vulnerable cone 
deposits are distributed. 

3) Groundwater discharge: At the lower and 
middle parts of the somma, infiltration of 
groundwater is prevented by impermeable 
welded tuff deposits that underlie fractured 
welded tuff. 

4) Unstable deposits on stream beds and slopes: In 
the area, large deposits of sediment from past 
failures and debris flows are piled up in stream 
beds and on slopes. 

5) Grassland use: In the Aso region, mild slopes in 
the somma are used as grasslands, so a binding 

effect from tree root systems cannot be 
expected. 

Inherent factors in the central cone and Mt. 
Neko-Dake 
1) Steep topography in the upstream area: The 

central cone has an altitude difference of 1,000 
m, and slope gradients around the summits are 
more than 30 degrees. 

2) Wide catchment areas: Catchment areas of a 
few km2 deliver huge amounts of water to river 
channels. 

3) Vulnerable geological structure: The central 
cone consists of deposits of vulnerable volcanic 
rocks. 

4) Land use: The land use at the hillsides is 
grassland. 

 
Inducing factor 
1) The back-building storm brought record heavy 

rainfall. 
 
5. CONCLUSION 
 

The features of the sediment-related disasters in 
the Aso region that occurred in 2012 are 
summarized as follows: 
・ 4,356 failures occurred due to record heavy 

rainfall. 
・ In the caldera wall, debris flows occurred in 

small drainage basins and zero-order channels, 
as well as in debris-flow torrents. 

Fig.14 Schematic of the Furue River basin
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・ Sediment-related disasters were categorized 
into five types. 

・ In some river basins, flood damage was 
extensive and far-reaching. 

・ In many cases, countermeasure works protected 
residents from debris flow. 

Since it is difficult to implement structural 
countermeasures to protect against all debris-flow 
torrents, non-structural measures are also essential 
in the Aso region to reduce the risk of 
sediment-related disasters. 
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