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The Great Floods on Kii Peninsula, brought by Typhoon Talas in 2011, caused great damage throughout southern Nara 

Prefecture, including Totsukawa Village, through deep-seated landslides. As many as 30 of the 54 deep-seated land-

slides that occurred during this disaster were located in Totsukawa Village, where 15 persons were killed or injured, and 

62 residences were destroyed. The damage was so severe that Totsukawa Village was designated as a Warning Zone 

through the Disaster Countermeasures Basic Act as a result of river-course blockages caused by these deep-seated land-

slides. 

 

This paper reports the characteristics of this large-scale, sediment-related disaster, and measures taken for future disas-

ter risk reduction (DRR) and disaster risk management (DRM). 
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1. INTRODUCTION 

 
Totsukawa Village is located in southern Nara 

Prefecture, almost in the center of Kii Peninsula, 

with a population of 3,761. It has an area of 672.35 

km
2
, which makes it the largest village in Japan -- 

nearly as big as Lake Biwa in Shiga Prefecture or as 

big as Awaji Island (Fig. 1 and Fig.2). 

Kumano River flows through the village between 

steep mountains of 1,000 m class, 96 % of which are 

covered by forest. Passing through the village are 

“Kumano pilgrimage road and Kohechi”, as well as 

“Omine Okugake-michi (paths)”, along which “Sa-

cred Sites and Pilgrimage Routes in the Kii Moun-

tain Range” were designated as World Heritage 

cultural assets in 2004.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. OUTLINE OF THE 2011 FLOODS  

2.1 Course and rainfall of Typhoon Talas  

 

The large-scale, powerful, and slow-moving Ty-

phoon Talas, formed in the vicinity of the Mariana 

Islands on August 25, 2011, cut across the landmass 

of Japan by passing over Kochi Prefecture, and ex-

ited onto the Japan Sea while maintaining its power. 

Rainfall continued for a few days with heavy rain 

in a wide range of areas on Kii Peninsula, which 

was east of the typhoon at the time. The rainfall had 
Fig. 1 Location of Totsukawa Village 

Totsukawa 

Village  

Fig. 2 Wide Area Map of Totsukawa Village 
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reached 1,358 mm observed by Kazeya Observation 

Station in Totsukawa Village (Fig. 3). It was a very 

large amount of rain to fall in five days, given that 

the annual average precipitation of Nara City is 

1,316 mm. The water level of the river was rising 

gradually due to this heavy rain, and reached its 

highest point early in the morning of September 4. 

The outflow discharge from Futatsuno dam reached 

8,918 m
3
/s, which was close to the 9,600 m

3
/s of 

projected maximum flood discharge. Significant 

damage extended to hillside landslides, roads and 

riverbank protections, caused by the rainfall and 

flood.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Major damage and its process 

 

Table 1 and 2 shows Casualties and structural 

damage from Typhoon Talas. 

 

 

<Casualties> 

 

<Structural damage> 

 

 

 

 
Date Time Status of disasters 
Sep. 
2 

3:34 Heavy Rain Warning issued 
6:00 Establishment of Disaster Man-

agement Headquarters (HQs) 
12:35 Sediment-Related Disaster Warning 

announced 
16:02 Flood Warning issued 

3 9:58 1 person died due to a landslide on 
a mountain behind their home in 
Kamiyukawa (1casualty) (Photo 1) 

15:40 Evacuation alert issued for De-
tani-tonoi (turbid water was gush-
ing out from the mountains) 

18:50 Casualties in Nojiri caused by the 
washing away of 2 village housing 
facilities (2 dead, 6 missing, and 3 
serious injuries from 3 households)  
(Photo 2) 

4 1:42 Oritachi Bridge on Route 168 col-
lapsed (Photo 3) 

4:35 Contact from the Japanese 
Self-Defense Force (JSDF) for 
their dispatch 

7:50 Existing dam, created by sediment 
(created by the Great Flood in 
Totsukawa Village (Meiji, 1889)), 
began overflowing Evacuation 
Recommendations issued for the 
downstream areas at risk of breach 
from overflow (Photo 4) 

9:05 Arrival of the news about Nagatono 
power plant and washed out houses 
(3 casualties from 2 households)  
(Photos 5 and 6) 

9:20 Report of a bridge collapse on the 
prefectural road, Kawatsu-Takano 
Line 

9:43 Ooto Town in Gojo City, located 
upstream of Totsukawa Village, 
was facing a risk of sediment dam 
collapse. Evacuation order to other 
neighborhoods located on the main 
river of Kumano. 

15:05 Report of a sediment dam discovery 
in Tenkawa Village located further 
upstream 

5 Mor-
ning 

An advance party of Japan Ground 
Self Defense Force arrived 

 Liaisons from Kinki Regional De-
velopment Bureau arrived 

11:52 Evacuation order issued after dis-
covery of a dam created by sedi-
ment in Nagatono-tani (Photo 7) 

13 21:00 Development of Typhoon Roke 
16   Ministry of Land, Infrastructure, 

Transport and Tourism (MLIT) 
began emergency work, and warn-
ing zones were established due to a 
risk of collapse of the dams created 
by sediment (Akadani and Naga-
tono-tani) 

  

Casualties Deaths Missing Serious inju-

ries 

Number of 

persons 

harmed 

6 6 3 

Houses Completely 

destroyed 

Partially 

destroyed 

Underfloor 

flooding 

Number 

of dam-

aged 

structures 

18 30 14 

Fig. 3 Rainfall observed by Kazeya Observation Station 

 Table 1 Rainfall observed by 

Kazeya Observation Station 

■ Hourly rainfall 

-Cumulative rainfall   

Rainfall in Totsukawa Vil. observed by Kazeya Observation Sta. 
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Aug 1         Sept 1      Sept 2      Sept 3      Sept 4 

Hourly rainfall 

Cumulative rainfall 

Table 1 Casualties and structural damage 

Table 2 Major damage by time series 
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Photo 1 House damaged by landslide in Kamiyukawa 

Photo 2 House damaged by deep-seated landslide in Nojiri 

Photo 3 After Oritachi Bridge collapse 

Kumano 

River 

Photo 4 “Ohatakedoro” created in Meiji Period  

(after overflowing) 

 

Sediment runoff 

Pond created 

by clogging 

 

①  

②  

③  

④  ⑤  

Old road damaged 

Nagatono P.P. 

Iwahara Tunnel 

Utsunomiyahara 

Highway  

 

Old road damaged To Gojo 

To Ninomiya 

Photo 5 Damage in Nagatono 

Photo 6 Damage near Nagatono Power Plant 

Nagatono P.P. 

Damaged  

house 

Route 168 

Estimated 
tsunami height 

Approx. 700 m 
 

 

 

 

Approx 

300m 

Storage capacity 

of 2.70 million m
3
 

Photo 7 Dam built by sediment in Nagatono-tani 

Nagatono P.P. 

Old road damaged 

To Gojo 
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Utsunomiyahara 
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To Ninomiya 

Old road damaged 
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① 
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2.3 Characteristics of this disaster 

 

In the 2011 Floods, there had been many hillside 

landslides which generated sediment of about 100 

million m
3
, and it is reported that 90 % of the sedi-

ment had occurred in Nara Prefecture. 

It is said that such an amount of sediment gener-

ated is ranked fourth in the history of Japan, the 

heaviest rain ever during the post-war period. 

 

 

※Iriguchi K. et al. (2012): The sediment disaster in 

Nara Prefecture by typhoon No. 12 in 2011:  

Abstracts of the Japan Society of Erosion Control 

Engineering, No.66, 22-23 ( in Japanese). 

 

 

The Great Flood in Totsukawa Village (Meiji Era, 

1889), described above, is said to be the highest 

ranking flood in history. This is due to the fact of it 

being first in the amount of sediment supply and the 

2011 Floods being fourth in the amount of sediment 

supply, so much sediment had flowed into Kumano 

River (Table 3). 

It is also said that 75 locations suffered from 

large-scale landslides on about 260 hectares in 

Totsukawa Village, among which 30 locations had 

deep-seated landslides. 

Many deep-seated landslides occurred in the 

northern part of the village (upstream of Kumano 

River), similar to the Great Flood in Totsukawa 

Village (Meiji, 1889)  (Photo 8). 

Accumulated sediment caused river course 

blockages or flowed into the rivers from the accu-

mulation points, to raise the riverbeds more and 

more, resulting in further damage, including damage 

by flood in the downstream areas and collapse of 

bridges, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.1 Characteristics of incidents resulting in 

casualties 

 

Incidents resulting in casualties occurred at 3 lo-

cations in this disaster. What should be pointed out 

is that 2 of these locations were evacuation points 

for residents from the other areas, and these 2 evac-

uation points were not considered to be dangerous. 

The disaster in Nagatono (see Photos 5 and 6) 

went from (1) deep-seated landslides to (2) river 

course blockage being formed, to (3) new 

deep-seated landslides occurring in the upper part of 

the mountain due to the river course blockage and 

sediment flowing all at once into the river whose 

water level was already high, to (4) this force creat-

ing an abrupt wave (tsunami) on the upstream, to (5) 

Nagatono P.P. and houses (3 casualties from 2 

households including a household evacuated) being 

damaged. 

On the other hand, deep-seated landslides oc-

curred on the other side of Kumano River in Nojiri, 

and the sediment generated flowed into the flood 

water of the river, changing its course temporarily, 

and resulting in the washing out of 2 village housing 

facilities. 11 people in 3 households, including an 

evacuated household, were affected (Photo 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rank Disasters 
Total volume of 

sediment supply※ 

1 

Great Flood in Totsu-

kawa Village (Meiji 

Era, 1889) 

Approx. 200 mil-

lion m
3
 

2 
Iwate-Miyagi Nairiku 

Earthquake (2008) 

Approx. 130 mil-

lion m
3
 

3 

Mid-Niigata Prefec-

ture Earthquake 

(2004) 

Approx. 100 mil-

lion m
3
 

4 The 2011 Floods 
Approx. 100 mil-

lion m
3
 

Dam created 

by sediment in 

Nagatono-tani 

Dam created 

by sediment 

in Akadani 

Deep-seated 

landslide in 

Kawarabi 

Deep-seated 

landslide in Ui 

Photo 8 Many deep-seated landslides occurred in the 

northern part of the village 

Table 3 Total volume of sediment supply in past disasters 

Kumano 

River 

Deep-seated 

landslide 
2 village hous-

ing facilities 

damaged 

Photo 9 Disaster mechanism in Nojiri 
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2.3.2 Collapse of roads and isolation 

 

There is no other means of transportation than the 

use of roads in the village. It is the biggest village in 

Japan, and it takes an hour or more to cross by car in 

normal times. Route 168, which is the main road in 

the village, was cut off by accumulated sediment in 

Nagatono, which is the gateway to the north, cutting 

off traffic in Kuwahata, which is the gateway to the 

south. The village was isolated (Fig. 4). 

In addition, all neighborhoods were isolated from 

each other due to collapse of the roads and to land-

slides in all corners of other national highways, and 

other roads, such as prefectural roads, village roads 

and forest trails. 

The collapse of Oritachi Bridge (Photo 3), in par-

ticular, left the residents in fear, impacting their 

lives later on, as well as the restoration work, in a 

big way. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.3  Information disruption 

 

In Totsukawa Village, most of the communica-

tions and other facilities, such as electricity, tele-

phone, cable TV, optical cable, and water supply, 

were set up underground or on poles (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Residents were able to receive and send infor-

mation through a wireless station for disaster pre-

vention provided by the public office. However, 

they were no longer able to communicate either with 

the public office or outside of the village; nor were 

they able to receive any information, because these 

lifelines were disrupted in many places along with 

the collapse of the roads. 

The Disaster Management HQs experienced a 

great deal of frustration in gathering information, 

because they had only a single satellite mobile 

phone in addition to the disaster prevention line 

connected with Nara Prefecture. 

The only other means of communication left for 

them to connect with the residents were the fire ra-

dios in the fire engines (10 in total in the village) 

and amateur radio enthusiasts. 

Totsukawa Village has installed generators and 

satellite mobile phones in all Oazas (54 in total) af-

ter the disaster. 

As a result of the collapse of the lifeline roads, 

staff members of the public office, who are sup-

posed to assemble at the Disaster Management HQs, 

were interrupted in doing so. This resulted in only 

60 % of the total staff members being available, in-

cluding staff for emergency response at the begin-

ning of the disaster. 

About 30 % of available staff members were 

volunteer fire brigaders (from the HQs at the public 

office) who were involved with rescue and search 

activities for the residents, assistance in evacuation, 

or sand bag building, etc. Hence, the Disaster Man-

agement HQs had a shortage of staff. 
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Fig. 5 Lifeline diagram in the mountainous area 
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a. Liaisons from MLIT and TEC-FORCE (emer-

gency response unit) 

 

Quickly rushed to the Disaster Management HQs 

were the liaisons from the MLIT and the JSDF. Two 

liaisons arrived early in the morning on September 

5th, and conducted interviews of panic-stricken staff 

members. Staff members asked liaisons for more 

staff, emergency food and supplies. 20 more people 

had arrived in the late afternoon on the same day, 

and 30 more liaisons and TEC-FORCE ( emergency 

response unit） members rushed to support the vil-

lage on the following day. They really helped in 

on-site investigation, information gathering and in 

responding to the media, etc. (Photo 10). 

The main force of the JSDF, and staff members 

from Nara Prefecture, as well as staff members from 

the neighboring municipalities, had been arriving 

continuously so that the Disaster Management HQs 

was finally able to play its role fully. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Help within the community (self-help and 

mutual-help) 

 

When public office employees went around to pa-

trol all the neighborhoods on the day before the 

casualties occurred, residents were ready to protect 

themselves saying, “We can take care of ourselves 

in our neighborhood. You just think about the whole 

village”, which came from the idea of self-help and 

mutual-help. Neighborhoods were isolated from 

each other after heavy damage and casualties. Some 

people walked over the mountains for hours to bring 

messages to HQs about their neighborhoods having 

to do with safety issues, etc., because there was no 

communication available.  

People were already helping themselves by cut-

ting down trees, and making wooden stairs as well 

as log bridges to access adjacent neighborhoods to 

share food, using self-help and mutual-help, by the 

time the public office employees entered isolated 

neighborhoods several days after the disaster caused 

by the bridge collapse (Photo 11). They have creat-

ed a community. Once again, we have to think about 

the lost idea of, “helping each other”. This showed 

the Japanese spirit of living together by helping each 

other, the essence of the culture of Totsukawans. 

The results of surveys conducted of the people 

who lost their homes and lost the land they lived on, 

due to landslides, showed that 100 % of the people 

want to go back to their original locations. 

In the Great Flood in Totsukawa Village (Meiji, 

1889), residents who gave up on restarting their 

lives in the village, moved to Hokkaido in tears. A 

restoration plan was created to build new neighbor-

hoods by finding safer locations within the village, 

because all the people who lost their homes from 

this disaster want to go back to their original places. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 10 Liaisons from MLIT collecting information, 

and TEC-FORCE on site investigation 

Photo 11 Bridges and stairs were built through mutual-help 
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3. RESTORATION PLAN INITIATED BY 

TOTSUKAWA VILLAGE AND ITS 

PROGRESS 

3.1 Summary of the restoration plan 

 

The framework of the restoration plan was de-

veloped by December after the disaster, and the plan 

was established in April 2012. The plan has been 

advancing steadily to reach the recovery goal. 

The restoration plan is a 10 year plan divided into 

the three stages of short-term, medium-term and 

long-term, viewing the picture of the village 100 

years from now. The plan was established based on 

the idea of self-help, mutual-help and public-help 

with the principle of “helping each other and cher-

ishing the pride of community”. 

 

3.2 Forestry resurrection by utilizing the forest 

covering 96 % of the village 

 

About 96% of Totsukawa Village is covered with 

forest. Forest has been damaging by collapse or de-

bris flow that occurred in the 2011 Floods. Totsu-

kawa Village will continue to properly manage the 

forest. Proper forest management will maintain the 

roads which are the evacuation routes in case of 

flood. In addition, it will maintain good water qual-

ity of the rivers (Fig. 6 ) . 

Totsukawa Village will promote the restoration 

works by taking advantages of forest resources.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Temporary housing using wood produced in 

the village 

 

The first approach was to build wooden tempo-

rary housing for people who lost their homes, and 

this was done by Nara Prefecture (Photo 12). 

90 % of wood materials used for the housing were 

made in Nara Prefecture, and the housing was built 

by the construction companies located in the village. 

In the affected areas of the Great East Japan 

Earthquake, a variety of complaints from the victims 

was received, such as anxiety caused by the disaster, 

condensation, and cold drafts while living in the 

prefabricated temporary housing, etc. Warmth and 

comfort, provided by sound protected, insulated, 

wooden structures with double windows for housing, 

was necessary for the disaster victims to live as 

peacefully as possible, while providing business to 

local forestry, lumber and construction companies 

which were devastated by the disaster. 

 

 

 

 

 

 

 

 

 

3.4 Showcase restoration housing and full hous-

ing made of wood produced in the village 

 

Currently, showcase disaster recovery housing 

which would be the model for public housing (Pho-

to 13) has been built to create new neighborhoods, 

while the victims of the disaster examine the show-

case housing, and hope is provided for a new life for 

the people who lost their homes. 

 

 

 

 

 

Fig.6 Necessity of mountain protection 

Photo 12 Wooden temporary housing 

Photo 13 Disaster recovery wooden model housing 
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4. FUTURE CHALLENGES 
 

4.1 Triune development of mountains, rivers and 

roads 

 

Turning from the recovery stage to reconstruction, 

challenges are now gradually becoming more clear. 

Implementing countermeasures would take an-

other several years, since the disaster was so big, 

regardless of the efforts of various restoration and 

reconstruction projects, including road restoration, 

river course blockage countermeasures, large-scale 

hillside landslide countermeasures, controlling land-

slide locations and countermeasures for landslides. 

Above all, the triune development of mountains, 

rivers and roads is needed for the countermeasures 

to hillside collapse, and for road maintenance and 

sediment control on the rivers. Even if roads are 

rebuilt in a hurry, but the countermeasures against 

hillside collapse are not developed, the new roads 

would be damaged again.     

Even if the sediment in the rivers is removed, new 

sediment would flow into the rivers again without 

countermeasures to hillside collapse. Implementing 

these all together is believed to be crucial. 

 

4.2 Rise of the riverbed, and sediment disposal 

 

Challenges to be considered in the triune devel-

opment of mountains, rivers and roads in the future 

would be the control of the sediment already gener-

ated, and to be generated in the future.               

In terms of sediment generated, the Great Flood 

in Totsukawa Village (Meiji, 1889) is said to be the 

highest ranking flood in history at about 200 million 

m
3
, and the 2011 Floods marked the fourth biggest 

in history at about 100 million m
3
. Most of the sed-

iment, unlike in any other events, flowed into Ku-

mano River.
 

Most of the sediment generated in the Great Flood 

in Totsukawa Village (Meiji, 1889) ran off into the 

downstream areas where new towns were built on 

the delta created near the estuary. Currently, many 

hydroelectric dams were built in the middle of the 

rivers which connect the mountains, which are the 

source of sediment, and the sea. All the sediment is 

accumulated at the heels of the hydroelectric dams 

(Photo14).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

This accumulated sediment caused damage on 

numerous occasions. Photo 15 shows collapsed 

Oritachi Bridge on Route 168, and Otsuro Bridge on 

the village road, which did not collapsed but caught 

a mass of driftwood and shook and swayed. It was 

caused by a large amount of river water at the time, 

but may have been also caused by the rise of the 

riverbeds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

  

Photo 14  Riverbed fluctuations in Hiratani, 

Totsukawa Village  

Top: Riverbed during dam construction 

Bottom: Riverbed after the 2011 Floods 

Photo 15 

Top: Otsuro Bridge on the village road, which did not 

collapse, but caught a mass of driftwood. 

Bottom: Collapsed Oritachi Bridge on Route 168 

 

Photo 14 Riverbed fluctuations in Hiratani, Totsukawa 

Village  

Top: Riverbed during dam construction 

Bottom: Riverbed after the Great Floods on Kii 

Peninsula 

 

Photo 15 

Top: Otsuro Bridge on the village road, which did not 

collapse, but caught a mass of driftwood. 

Bottom: Collapsed Oritachi Bridge on Route 168 
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In addition, regarding the source of Totsukawa 

Hot Spring, which is the cornerstone of most of the 

tourism in Totsukawa Village, the pump pit was 

damaged by the 2011 Floods. However, it was re-

covered by heightening the place by about 5 m with 

the support of Nara Prefecture (Photo 16). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The top photo was taken in 2009. Despite the 

crest having a height of about 7 m or more above 

the riverbed that was reconstructed at the time, it 

was damaged by Typhoon Man-yi in 2013. 

The dam administrators who have a responsibility 

for the dams, have been disposing of the sediment 

(Photo 17) so far. However, the volume of the sed-

iment generated in the 2011 Floods is far beyond 

what they can control. 

Slope collapse countermeasures cannot keep up 

with the large number of hillside collapses, in par-

ticular. No matter how much of the sediment down-

stream is disposed of, it would return if there was 

heavy rain even once. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. SUMMARY 

 
In Totsukawa village, massive flooding due to 

deep-seated landslide occurred in 2011 and 1889.In 

order to continue to live in this area, it is necessary 

to be in harmony with natural disasters, such as 

deep-seated landslide. In case of flood, we can 

evacuate in its initial stage. By combining the tradi-

tion from the past and the modern scientific basis, it 

is possible to evacuate as early as possible to a safe 

place. We must protect ourselves from natural dis-

asters. 
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Photo 17 Disposing of sediment by the dam 
administrators 

Top:   Silting after the Great Floods on Kii 
Peninsula 

Bottom: Improvement after the Great Floods on 
Kii Peninsula 

Photo 16 
Top: The source of Totsukawa Hot Spring in 2009 

(Damaged by Typhoon Talas)  
    About 7 m or more to the recovery height 
Bottom: After reconstruction, it was damaged again 

by Typhoon Man-yi in 2013 

Recovery height 

5.0 m 

Raising of embankment 

Recovery height 

Photo 17 Disposing of sediment by the dam administrators 
Top: Silting after the Great Floods on Kii Peninsula 
Bottom: Improvement after the Great Floods on Kii Peninsula 
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