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Major Rivers in Japan
Length of| Catchment Area
Tone 16,845 322 Kurihashi 8,588 200 7925 69 1938-2001
Ishikari 14,330 268 Inou 3379 1851 2,204 28 19542001
Shinano 11,900 67 Odiya 9,718 485 3,725 86 | 19512001
Kitakami 10,150 249 Tome 7.869 205 3201 78 1952~2001
Kiso 9,100 229 Inuyama 4,684 182 3393 - 1951-2001
“Tokachi 9,010 156 Obihiro 2529 99 2110 28 | 1954-2001
Yodo. 8240 75 Hirakata 7.281 235 2560 | 133 | 1952-2001
Agano 770 210 Maoroshi 6,997 396 1975 70 1951-2001
Mogami 7,040 229 Takaya 8271 405 2,459 66 | 1959-2001
Teshio 5,590 256 Bifukabashi 2,899 140 2,364 20 1969-2001
Abukuma 5,400 239 Akutsy 1,865 52 a4 ] 1963-2001
Tenryu 5,000 213 Kashima 4,880 176 3462 56 1939-2001
Omona 4710 133 Tsubakigawa 4,035 227 2,008 76 1938-~2001
Yoneshiro 4,100 136 Takasu 2,100 2 537 24 | 1956-2001
Fuil 3,990 128 Shimizubata 2,179 75 2,149 21 1960-2001
Class A rivers whose catchment area is 3,000km?, and for which date are

values are 2001 data.




rganization chart of River Bur
& Legal System
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Specified-Multipurpose Dam Law
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Concept of the River Law

during 100-years

Providing a framework for

comprehensive river improvement
encompassing flood control,
water use and environmental
conservation for the new century

The river administration system has been
revised several times since the enactment of
the so-called "Old River Law" in 1896. Under
the "new River Law" enacted in 1964, the
institutional framework for flood control and
water use was improved systematically by, for
example, introducing an integrated river
system management system. The River Law
of 1964, therefore, has played an important
role in forming river administration today.

However, as the economic and social
conditions have changed in the subsequent
years, the conditions surrounding the river
administration system have changed
dramatically. Today, Projects are expected not
only to perform flood control and water use
functions but also to provide an attractive
waterside space and habitat for diverse plants
and animals. There is also a growing demand
for creative efforts to make effective use of
rivers as an important component of the
regional climate, landscape, and culture.

In addition, in keeping pace with the
improvement of socioeconomic status and
lifestyles, social impact of drought has become
much more serious than before, and there is a
pressing need for measures to ensure a
smooth coordination of water use during
periods of drought.

In view of these changes, in December 1996
the River Council made "recommendations on
the reform of the river administration system for
meeting the change of social and economic
needs."

In response to these recommendations, the
Ministry of Construction drafted a River Law
amendment bill and submitted it to the 140th
session of the Diet in 1997. The bill was
adopted on May 28 during the same Diet
session, and proclaimed on June 5, 1997.
This bill was effective in December, 1997.

Process of amendment of the River Law

« Birth of modern river
administration system
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| The River Law

Establishment of systematic framework . Establishment of comprehensive river administration system

for flood control and water use , for flood control, water use, and environmental conservation

® [ntroduction of integrated river ® [mprovement and conservation of river environment
system management system ® [ntroduction of river improvement planning system

® Enactment of water-use regulations designed to incorporate the opinions of local residents
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Promoting river improvement

incorporating local opinion

In order to satisfy the needs of the people
for improvement and conservation of the river
environment and to design river improvement
according to the characteristics of the river and
regional characteristics such as climate,
landscape and culture, it is essential to
cooperate closely with the local community.

To this end, the river improvement plan is
divided into two parts: one dealing with
matters thought of as the basis for river
improvement (Basic river management policy)
and the other dealing with specifics concerning
river improvement (River improvement plan).
The new planning system includes procedures
for incorporating the opinions of the head of
the local government and the local residents.

Planning sy 1 after reform

New system for planning r
improvement

Planning

Contents

Basic policy, unregulated peak discharge,
design flood discharge, ete.

Outline of river projects
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e Land and it's River

Rivers in Japan are short and steep and flow rapidly and violently.
Moreover, the ratio between the normal volume of flow and that
during a storm is extremely great.

Seeing the Joganiji River in Toyama prefecture, Johannes de
Rijke exclaimed, "Rivers in Japan are like waterfalls."

A Dutch engineer hired during the Meiji Era (1868~1911), de
Rijke contributed substantially to flood control projects in major
rivers in Japan, such as the Kiso, the Nagara, and the Ibi Rivers,
known as the "three rivers of Kiso".

M Precipitation of large cities in other countries.

| Scientific Tables
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Japan has twice precipitation as much as world average

precipitation.

De Rijke's statement is an apt description. Rivers in Japan
characteristically flow directly from mountain to sea. A great
amount of rain falls on the Japanese archipelago during the
rainy season (heavy rains of June and July) and typhoon
seasons; and during periods of intensive rainfall, even a small
stream that usually runs low may become a raging torrent.

W Minimum discharge vs maximum discharge

During fooo

Maximum discharge is about one hundred times as much as
minimum discharge, while 30 times in the Mekong, 4 times in the
Donau and 3 times Mississippi. Floods suddenly occur and also
recede soon in Japan.



M Floods in Japan act like sprinters: short and quick.

Ratio of flood duration to flood discharge per unit area of catchment
discharge. (m¥sec/km?)

(m?/ sec / km?)
6o
L+ «————————— Chikugo River (1,440 km?)
1953 flood (at Hase)
4
Tone River (6,018 km?)
/ 1947 flood (at Kawamata)
3.
Tennessee River (55,400 km?)
1946 flood (at Chattanooga)
2. Columbia River tributary
[Willamette River] (21,750 km?)
1861 flood (at Wilsonville, Oregon)
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M Rivers in Japan flow directly from mountain to sea.
This comparison with selected rivers shows how precipitously they flow.

1000+

Chikugo River Tone River

Seine River

200+

Il Geographical characteristics

Rhine River

Elevation

(meters) 02 . " >
River mouth

1000 t?ﬂ;lltm
Distance from river mouth (kilometers)



Japanese cities are quite susceptible to floods. Most
population and property, and therefore most flood damage,

concentrate on alluvial plains.

About 50% of the population and about 75% of the real estate
of mountainous Japan is concentrated on alluvial plains (areas
below flood level), which account for only 10% of the total land
area. Consequently, flood damage can be serious.

B Concentration of population
and property on alluvial
plains

Property
~ Alluvial plains
Population W Other areas

Most of Japanese cities are susceptible to floods because Rivers in Tokyo run though the upper level of city, while the
they lie in lowlands which are below flood water level of rivers. Thames flows through the lowest level of London.

W Tokyo

M London




Il Geographical characteristics

Total inundated areas has been reduced; but property continued to
concentrate in flood plains.
The net result is that flood damage is as high as ever.

Many years of flood control efforts have reduced total inundated area, but the
flood damage has hardly decreased. The reason is that populations and properties
continued to be located in flood hazard areas.

W History of extent of flood damage and density of flood damage to general assets
Flood damage density

Damage cost per

1 ha (based on 1995 prices)
45000
48,000 ".
47,000 F %
46000 § asies
48,000 1

44000
Total inundated area
43.000

42,000 ¢

P Area of inundated residential and other property

40,000

38,000
38,000
37.000
36,000
35.000

: g Total damage
e £ (¥10 billion
: 45 OF more

40

as

Density of flood damage "
18.000 to general assets
16005 Damage to \

general assets

£

Inundated area
yopoo (10,000 ha)

Note 1: Extent of dama?e to general assets and density of &4
damage, including loss due to interruption of business .~

Note 2: From "Flood Damage Statistics"; Ministry of Land,
Infrastructure, and Transport.

CIMunicipalities or villages that have suffered flood or sediment ge once or twice
[EMunicipalities or villages that have suffered flood or sediment d three or four times
WMunicipalities or villages that have suff flood or sediment d; five times or more

M Flood and sediment disasters in Japan over ten-year period (1992-2001)
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Frequent local torrential rain

In recent years, Japan has experienced frequent local
torrential rain bringing amounts of rainfall, tide levels, and wave
heights that have exceeded record levels observed in various
parts of the country. As a result, small catchment areas along
medium- and small-size rivers, which are susceptible to torrential
rain, suffered flood and sediment disasters. In addition, once a

Flood and sediment disaster

dike is broken, floodwater exerts substantial energy, causing the
water levels to rapidly rise. It is newly recognized that this results
in great loss of life and property, imposing a substantial burden
on victims and creating the need for post-disaster response
activity.

H Annual total number of events with hourly rainfalls (data from 1300 AMEDAS points throughout Japan)

(Times)
B0 -|

80 -

40 - |

I

Highest rainfall (June 23)
2003, 113 mm/h, in lzuhara,
Nagasaki Prefecture

S o o ) N A
RS SO AR - - S ,?9“0 & Q,@q’ N

W Municipalities (cities, towns, and villages) suffering flood disasters (1991 - 2000)

pe

B Three different years or more
¥ One to three different years

B Mupicipalities that have never
sur&re%a Jlood disaster

-

Source: Flood Disasters Statistics compiled by
Ministry of Land, Infrastructure, and
Transport

M Flood disaster in Fukuoka City, 2004

-\




Il Geographical characteristics BRVIrP s

/

4

P
[ T a ™
=

Upsurge in number of disasters in 2004

In 2004, Japan was hit by ten typhoons in the period up to
October, a number that is nearly four times the annual average,
and a past record. Flood and sediment disasters as well as storm
surges causing substantial damage occurred in large numbers
nationwide because of torrential rain and storms.

Typhoon No.23 generated near Guam on October 13 was
particularly gigantic. Growing in strength, it hit Shikoku on
October 20 and passed through the Kinki, Chubu, and Kanto
Districts, causing heavy rain, storm surges, and sediment
disasters in various parts of Japan that resulted in 27 fatalities
(as of October 26). In addition, the Maruyama River in Hyogo
Prefecture, a Class A river (under direct control of the
government), suffered a dike break at two points, resulting in
kflooding of nearly 10,000 homes (as of October 25).

Moreover, torrential rain occurred frequently in various parts of
Japan under influence of the Bai-u fronts (rain fronts), inflicting
flood and sediment disasters. Specifically, the observatory in
Tochio in Niigata Prefecture recorded, during torrential rain that
hit the Niigata and Fukushima areas in the middle of July, daily
amounts of rainfall of 421 mm, the largest in its history. Niigata
suffered a catastrophic disaster, with dikes on six rivers breaking

M Fukui torrential rain

The town was inundated by muddy water due to the dike break on the left
bank of Asuwa River (Kasuga 1-chome, Fukui City)

M Niigata and Fukushima torrential rain

at 11 points, resulting in 15 fatalities and one serious injury. As
many as 14,000 homes were flooded.

M Map of courses of typhoons hitting Japan in 2004

Muddy water flowing into Miyama Town (west side of Miyama Junior
High School)

Series of areas of Nakanoshima Town were inundated by overflow of
Kariyata River

Series of areas of Nakanoshima Town were inundated by overflow of
Kariyata River
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Flood and sediment disaster

About 70 % of Japan is mountains, many of which are
volcanoes. The country is also rainy and seismically active.
These conditions predispose the land to sediment disasters.

Mountains cover about 70% of the land area of Japan. The
Japanese archipelago is also one of the world's very seismically
active regions. Topographical and geological factors, such as
steep mountains, fast-flowing rivers, and unstable and soft
ground, combine with the rainy climate and frequent earthquakes

to make Japan very disaster-prone.

Consequently, sediment disasters of one kind or another,
such as debris flows, landslides, and slope failures, occur
throughout the country every year.

W Debris flows

A debris flow is a washout of
stones and sand that had
been deposited on hillsides or
in river beds due to long or
heavy rain. Debris flows can
instantly bury houses and
farmlands.

A landslide is a downslope
movement of a block of earth,
loosened by, for example,
rain. Damage caused by a
landslide can be extensive.

A slope failure is a downslope
movement of wet, loose rock
or soil that is triggered by rain
or an earthquake. Because of
the rapid movement, slope
failures often cause many
casualties.



Il Geographical characteristics

W Major sediment disasters and damage they caused

Date Prefecture Hard-hit areas Cause of disaster Dead or House damage
missing
Jan, 1995 Hyogo Nishinomiya city, etc Hyougoken Nanbu Earthquake 34 persons 71 houses
Jul. 1995 S Itoigawa city/Hakuba village Rainy season front . &1 houses
Dec. 1996 Niigata/Nagano Itoigawa city/Kotani village Pyroclastic flow 14 persons *
Jul. 1997 Kagashima Izumi city Harihara area Rainy season front 21 persons 19 houses
Jul. 1997 Hyogo Kyushu/Shikoku/Kinki District Rainy season front 4 persons 94 houses
Sep. 1997 Kagoshima Kyushu Typhoon No. 19 4 persons 91 houses
Aug. 1998 Fukushima Saigou village, etc Severe rain 9 persons 93 houses
Sep. 1998 Kouchi Kouchi city, etc Autumnal rain front 1 person 100 houses
Hiroshima X 3 persons 15 houses
Oct. 1998 Ehime Kyushu/Chugoku/Shikoku District Typhoon Ne. 10 ap 74 houoes
Jun. 1988 Hiroshima Hirashima city/Kuroishi city Rainy season front 24 persons 196 houses
Sep. 1999 Gifu Miyagawa village, etc Typhoon No. 16 4 persons 43 h
Date city/Abuta-chou
Mar. to Apr. 2000 Hokkaido Soubetu-chou/Touya village Eruption of Mt. Usu - 771 houses
Sep. 2000 Aichi Komaki cily/Nagoya city, etc Severe local rain 3 persons 15 houses
i Eruption of Miyake-jima, Seismic activity
Jul. to Aug. 2001 Tokyo Miyake/Kozushima/Niijima village Y Nilsjma and Kozu-hi 1 person 209 houses
Sep. 2001 Kouchi Tosashimizu city A | rain front - 212h
r’\
\"\
. 4
y'm_zr/
{
\
A
-

(totals for period1995 ~ 2004)

Slope failures

Debris flows
g. Landslides

M Number of sediment disasters by prefecture

13
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What is being done,
and what can be done.

Various facilities and systems have been established to
provide protection from flood damage.

® Widening of channels and embankments

Rise in water level is reduced by increasing
the width. Levees are also used to prevent

overtopping.

ood damage prevention

River information systems ensure
successful river management.

Radar raingauges and telemeter systems are used to
measure water level, rainfall, etc. Information thus obtained is
processed and provided to concerned governmental agencies
and local residents so that timely and appropriate river
management and flood defense measures can be taken.

® Detention basins
Water is diverted from a swollen river, and

the water is returned to the river after the
threat of flooding has disappeared.

® Floodways

Canals are used to divert water from the
middle or lower reaches of the river and
directly channel the water to other rivers or the
sea. This technique helps to reduce river flow.

® Dam

Dams store water in the event of flooding
caused by heavy rain and control river flows
downstream to alleviate flood damage. Dams
function both as a means to ensure stable
water supply to downstream residents and as
ameans to generate power.

Japan lags behind other countries in river improvement.

Flood control plans for major rivers are usually based on the
greatest amount of rainfall that might be expected to occur,
once in about 100 to 200 years. Since, however, the task of
attaining this goal takes a very long time, current practice is to

set a less ambitious goal for a shorter period and upgrade the
degree of flood safety in stages. Japan is still far behind
European countries and the United States in the field of channel
improvement.

15
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Urbanization and flood dam

Rapid urbanization and suburbanization is impairing the
retention and detention capabilities of nature. Consequently,
floods concentrate in a shorter time and in a greater quantity.

Rapid urbanization has been in progress in many parts of the
country, particularly in the Tokyo metropolitan area. In Kanagawa
prefecture, for example, rural land including forest and farmlands
accounted for 90% of the land in the Tsurumi River basin in
1958. By 1997, however, rural land had decreased to about 15%.

Asphalt and concrete prevent natural permeation of
stormwater into the ground. As a result, stormwater fills rivers
and depressions more quickly in urban areas than in rural ones,
increasing the risk of urban flood damage.

W Aggravation of flood damage by urbanization

® Before development

Most of the stormwater infiltrates into the ground or is retained on the
ground surface. As a result, runoff downstream is reduced.

e After development

Concrete, asphalt, the loss of forest, vegetation increase runoff
downstream and aggravate flood damage in low-lying areas.

Ml Urbanization in the catchment of the Tsurumi River

1958

Percentage of urban area

1976

1999

Natural area [
Urban area -



Il Flood Management, and Sediment and Erosion Control

Occurrence of urban-type floods

Normally, the flow rate of rivers in urban areas is extremely low, but urban-type floods frequently occur when typhoons hit because
the rainwater falling in the catchment concentrates and outflows within a short period, paralyzing urban functions and flooding

underground shopping malls.
Fox

Kanda River, Tokyo (in normal state) Flood condition during Typhoon No.11, 1993

Peak discharge

M Flood discharge image
{corresponding to rainfall observed during Typhoon)

Simulation of conditions

Flood discharge

Peak discharge

Simulation of predevelopment condition

(Hours) 0

——— Time after rainfall peak

17
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Japan is in need of comprehensive flood control measures to
cope with rapid urbanization.

One consequence of rapid urbanization is the growing
concentration of population and property in low-lying lands
which have historically been subject to flooding. This trend
is aggravating flood damage.

Conventional river improvement that relies on levees
and retarding basins is not enough. There is an urgent
need for a comprehensive approach that combines (1)
river basin measures, such as the construction of facilities
designed to preserve and enhance the retention and
detention capabilities of river basins and the development
of land uses and buildings that are highly resistant to
floods, and (2) damage mitigation measures, such as the
establishment of warning and evacuation systems.

M Conceptual view of comprehensive flood control measures

W Comprehensive flood management measures

[comprenensive Food Management Mesures
|
:

® Augmentation of flood-fighting management system
* Publication of the maps of historical inundation areas

and flood-prone areas
* Encouragement of use flood-proof buildings
* Dissemination of information among local residents




Il Flood Management, and Sediment and Erosion Control Paigigy

v ’
2

Typical examples of comprehensive flood control
(Countermeasures on watershed, multipurpose retarding basin)

B Countermeasures on watershed

Kirigaike requlating reservoir, Kanagawa Prefecture
This is normally used as a tennis court.

Image of development of storage and infiltration facilities

B Multipurpose retarding basin

WA o

Water retarding area {@#%-

e : i S

Multipurpose retarding basin of Tsurumi River,
Yokohama City, Kanagawa Prefecture

19
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Comprehensive flood control measure

Development of underground floodways and underground
regulating reservoirs

W Effects of outer floodway in metropolitan area

The outer floodway of the metropolitan area is the 6.3 km underground river (Kasukabe City to Showamachi, Saitama Prefecture)
running through a tunnel 10 meters in diameter under Route 16, which drains the water of Naka River from its midstream section to Edo
River. This is intended to alleviate flood damage substantially; a flow test was conducted for the 3.3 km section in June 8, 2002.

o : b - I‘; .
v | Naka and Ayase Rivers SN
) catchment Iocation map 8

.3 ,2
vt 144 ~
ST :
v - : : |
' - o | j
MaBeizgr— MR I
rpomeen Do ] Headrace tunnel
.

Flow test 3.3 km

e
Outline of outer floodway facilities of metropolitan area

During Typhoon No. 6 in 2002, the amount of recorded rainfall was 141 mm, which was similar in the magnitude to that of July 2000.
Different from the case of 2000, test operation of the outer floodway succeeded in eliminating flooding of homes in the surrounding area.

Comparison of the amount of rainfall

Flood in July 2000  Typhoon No.6
in 2002

Comparison of the inundated area
150

|

100

1.81
Flood in July 2000  Typhoon No.6

in 2002
Comparison of the number of flooded houses

300 |

250

200

150

100

% 0
Flood in July 2000 Typhoon No.6 ” oy

in 2002 Typhoon No.6 in 2002 (area around Midoridai 2-chome, Satte

* The amount of rainfall is the average amount of the catchment (for 48 hours)

City)



Il Flood Management, and Sediment and Erosion Control

Implementation of the comprehensive measures against urban flood

Measures to prevent flood disasters in specific urban catchments will be enhanced by specifying the urban rivers and catchments
where flood disasters have occurred or may occur, where prevention of flood disasters by improving the river channel is difficult because
of progressive urbanization and where developing catchment flood disaster countermeasures, developing rainwater storage and
infiltration facilities by the river administrator and other measures will prove effective as part of comprehensive flood disaster
countermeasures.

B Specific Urban Rivers Flood Disasters Countermeasures Law (Law No.77 in 2003)

Recent frequent flood damage in urban river areas
« Urban areas are experiencing frequent flood damage such as the damage that occurred in the Tokai Flood Disaster in 2000.
* The heat island phenomenon has been a cause of frequent torrential rain, increasing the danger of flood damage.
« In certain areas, regulating reservoirs have been filled in for housing land development, and other problems have arisen.

-

Despite the occurrence or possibility of excessive flood damage, progressive urbanization has made it difficult to
prevent flood damage by improving river channels or flood control dams.

-

Flood damage countermeasures based on new schemes are needed for urban river areas.
- Integrated countermeasures by the river administrator, sewerage administrator and municipalities will
prove effective.

Structural measures Non-structural measures
River Law Flood Fighting Law
(Advanced flood prevention (Measures when flood occurs)
measures) « Designation of the flood-prone area

(For river water only in rivers designated in flood

+ Measures using river channels and dams
forecasts)

- Development of rainwater storage and infiltration
facilities
| (River administrator)

Measures against river water

New Law

- Designation of expected urban flood areas and
expected urban inundation areas (for river and
landside waters)

« Designation of specific urban rivers and
urban river catchments
(Minister, governors)
« Mandatory provision of storage and infiltration
facilities against [B.1]actions obstructing rainwater
infiltration

LU=isiopmentoChichment fiood * Obligation fo notify public an the Filing of existing
disaster countermeasure plan® as a set of ; . o
regulating reservoir, of Y

comprehensive measures ST
Ri inist % an F
¢ nrer‘adm jStralon sowerace + Conclusion of administration agreement by
administrator, gavernors, mayors) e lraRibe Scivad

+ Mandatory provision of storage and infiltration
functions of the drainage facilities (ordinance)
+ Bearing of the cost by other public entities

- Collection and treatment of wastewater - Permission for development
Sewerage Law City planning law

Measures against landside water

21
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Super levees for flood preparedn

and community development

If another Typhoon Kathleen hits Japan today, direct damage
alone would amount to 15 trillion, about 150 times as much as
the damage caused by the 1947 typhoon.

W Concept of * Super levee ”

The function of a dam is to regulate the downstream flood
discharge by storing storm flood only when flood discharge is
high. Thus, dams reduce the peak discharge downstream and
prevent a sharp increase in streamflow.

Area flooded (1247)  Area likely to be

(Typhoon Kathleen) flooded today Remarks

'i:"
e
'—" \fﬂ"

Flooding area i d i d Aggravation due
! 440 km? 555 km?® to subsidence

River zone o Comfortable urban environment is
) stimated timated ) sclive regenerated.
Economic loss gaio!(]m:“:an ‘:155“-;1;[! (at 1992 prices) E‘!’Eﬁ}g&ﬂ' . The ground will be highly resistant to
“ | 1 floods and earthquakes.
Number of estimated estimated F"_‘J
affected persons 600,000 (1947) 210,000 (1992) % [T}
-
Number of estimated estimated E ;’
houses damaged 150,000 660,000 R - . *~ N
W Map showing projected flooded areas in event of dike |, Specialareaof high-standardlevee
. . . Super levee
break at Higashimura on Tone River -
3 f & — Area flooded (1947}
7 E o (Typhoon Kathieen)
= \ ‘g Ko C/iﬁ' :'IJI-: Area Ilkm:yba
AN )
<0 ¥Va W High-Standard Levee (Super Levee) development project
s )
e ¥

Wide levees will be constructed along rivers flowing through
urban areas with high density of population and property. Also
integration with non-point developments, such as urbanization
development, in the hinterland should be attempted. These
types of levees, which will prove superior in coping with
unexpected overtopping, are being constructed for river sections
where unexpected effects would be considerable, such as the
Tone, Edo, Ara, Tama, Yodo, and Yamato Rivers.

>

TOKYO
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"Super levees" (High-standard levees) are the ultimate defense
against a usual flood in alluvial lowlands. Super levees also
provide space for a scenic and comfortable living environment.

Even in the event of an extreme flood, damage can be smoothly. The community side of super levees can also be used
minimized if levees do not break. Levee failure due to effectively, for example as residential land and parks. Thus,
overtopping can be prevented by increasing levee width. Super super levees can make it possible to build a safe and scenic

levees are by far wider than conventional levees. A gently sloped community integrated with the river.
super levees helps to connect the community to the river

B Komatsugawa area: development of high-standard levee along Ara River in Tokyo

gt

Before development: 1980

M Rivers where Super Levees will be constructed

Tochigi Prefecture Kyoto Prefecturs

nma
Prefectura
Ibaraki Shiga Prafectura
Prefecture

Kyato
Ot
o Bou
Mito @
DOsaka
Prefecturs

Saitama

Prefacture Tone Hiver

;Ejnnashi Nisnnanwam
act .
P 5y D
fu acturg
@ Nara
Tama Hiver Kawasaki @ Chiba Yodo Fiver DOsal
Kanagawa ®
Prefecture | Yokohama  Chiba Prefecture [0}
Yamato River Nara Prefecture
Howaji Island

w— Section with Super Levee s Section with Super Leves

i
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Measures for flood-prone are:

Flood control project considering land use

To protect homes and projected residential areas where long- residential land will be raised or embankments (ring levees, etc.)
term river improvement is difficult to implement because of will be built to prevent inundation economically and within a short
difficulty in balancing needs of upstream and downstream areas, time.

M Image of flood disaster prevention projects for specific rivers

’ N MNermal confinuous 4 New flood control - 1
' embankment constructed measures faken in line B8
[] s [ with the land use |
- =
- '
i'gh
¥ L)

natural disaster

W Special urgent project to prevent severe natural disaster
in the Kokai River area (Hakojima retarding basin)

The Kokai River area suffered major inundation damage due
to a typhoon in 1986.

This experience led to a plan to develop a retarding basin in
the Hakojima area that is located at the confluence of the Kokai
River and its tributary, the Ooya River. Since villages existed
inside the planned site for the retarding basin, land development
was carried out by raising land inside the area to which residents
migrated en masse.

Flood disaster situation Mass migration
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City planning to avoid and prevent flood damage

The recent experience of frequent torrential rain and
consequent large floods because of abnormal weather forced
the government to adopt new measures. To protect the life and
property of the people in damage-prone areas, taking measures
inside catchments has become essential. This is in addition to
sewerage development and normal river improvement work
such as widening of river channels. These new activities must

Project outline ~——= &

o Inundated <

Y. areain 1985

Tk

Naru‘se and Yoshida Fii';rérs énc-i‘
planned setback dike

Aerial photo of the project area

.\§ -

be undertaken on the basis of consideration of the land use
condition of surrounding areas. Certain flood damage indicates
that comprehensive measures, including those in catchment are
indispensable. Intensified implementation of suppression of
runoff and measures in flood-prone areas are needed more
than ever where such measures as preventive measures in line
with the land use in catchments should prove to be effective.

Urban devalopment
# (public tacdilies, hous-
ing, and commercial

= lacilities)

Inundation damage in 1986 and location of
planned setback dike
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Flood control by dams

In 2005, with precipitation in Japan relatively low
compared to the annual average, many authorities
decided to reduce water intakes from June. Water
intake restriction began on June 15 for canals in
Tokushima and Kagawa. In the latter half of August,
the percentage of storage of Sameura Dam dropped
to 0%. Due to flooding caused by Typhoon No. 14
on September 6, Sameura Dam experienced a
maximum inflow that was the second largest inflow
ever after commencement of its operation. Due to
the flood, the dam stored about 248 million m3 or
94% of the capacity of water use and flood control to
mitigate damages in the downstream areas. The
percentage of storage of the empty dam therefore
recovered to 100% due to the flood.

Sameura dam reservoir before flood

Motoyama Bridge point (near Motoyama Bridge, Motoyamacho, Kochi

Prefecture)

* For the river with the width of about 150 m, the water level lowered by
about 5.2 m.

Near M Bridge, ho, Kochi F

Water level expected if there were no Sameura dam J

Hiver warnmg water level

W Example a dam can regulate Flood discharge

1,000 -
 Peak reservair inflow
800 -
600
Flow Volume (m? [ s)
400
Releasing stored water at an even rale
/-
200, =0  aeeeeceeehecameeceae- ]
g o 12 24 36
Time (hr)
M Flood control of Sameura dam
Dam inllow/discharge
mi/sec
6,000 Max inflow 5,600 m3/sec
i Damstock |
4,000
Inflow
=ik, - .
2.000
— Discharge
o

Sameura dam reservoir after fiood

Miyoshi Bridge point (near Miyoshi Bridge lkawacho, Tokushima Prefecture
:downstream of Motoyama Bridge)
* For the river with the width of about 200 m, the water level lowered

by abeut 2.7 m

I MNear Miyoshi Bridge, lkawacho, Tokushima Prefecture I

l Water level expected if there were no dams up stream u[hridgEJ

River warning water bevel
[ geeemesniiT

Max water level [8.17 m] 23:30 on September &

# Flood control map
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Functional improvement and linked activities of existing dams

W Effective utilization of facilities W Image of dam linkage

Various measures are adopted to enhance effects of existing
facilities by making better use of them.

| 1. Same water wtii- [ Catchment with large area, but with

O Integrated management il | aioricticr ™ W targe it e to meit wafer

When multiple dams are operated within the same catchment,
the storage water in those dams is comprehensively managed
to achieve the most effective service water supply.

O Redevelopment of dam
Flood control and water utilization functions of dams are . :
enhanced by increasing the reservoir capacity by raising the - — [ ooy

dam or removing sediment or by changing the dam operation
by installing new intake and discharge facilities.

O Projects linking dams with channels
Water stored in existing dams is effectively used by linking
multiple dams via channels to allow storage of water amount
that will otherwise be discharged and wasted.

O Reorganization of dam groups
Effectiveness of flood control and river environment
improvement will be achieved by reallocating the reservoir
capacity efficiently between dams with high flood control
functions and those with high water utilization functions.

M Outline of the Kinu River upstream dam group linkage project

Ikari dam
Annual inflow: large

Aqﬁeous environment
satisfactory for fish

Dead fish because of
water shortage

Stabilization
of existing
service water

- Regeneration of
. river worthy to be
called a river

- with river bottom
exposed




Preventing sediment disaste

Sabo works ensures safety from sediment-related disasters
occurring in various forms in various places.

Sediment-related disasters occur in very extensive areas from
a headwater area to downstream cities and in a variety of forms.
In order to protect people and properties from sediment-related
disasters, two types of preventive measures are taken: structural
measures for disaster prevention by building facilities and
structures; and non-structural measures by way of establishing a

Structural measures

W Sabo dam as preventive measures against debris flows

Sabo dams built in the upstream areas of mountain streams
accumulate sediment and suppress production and flow of
sediment. Those built at the exits of valleys work as a direct

The dam allows sediment to 2
flow downstream under normal
conditions.

When a large scale debris
flow occurs, sediment is
captured and temporarily held
here to prevent disasters in
downstream areas.

In structural measures, various sabo facilities are installed to
minimize damages by volcanic mudflow, pyroclastic flow and
lave flow as well as sediment-related disasters caused by rainfall.

Major volcanic disaster prevention facilities include "energy
dissipater" for checking the flow of volcanic products, "training

Immediately after a volcanic disaster (Shimabara City,
Nagasaki Prefecture)

A debris flow was caused along the Nashikono river in Nagano Prefecture in September
2000. The existing sabo dam captured debris flows.

system for warning and evacuation, and restricting and
controlling new residential land development in areas vulnerable
to a sediment-related disaster. Prevention of sediment disasters
requires a comprehensive approach encompassing both
structctural and non-structural measures.

barrier to a debris flow which has occurred. A sabo dam with
slits is particularly effective in capturing a debris flow because it
has a larger capacity of sand pool under normal conditions. In
case that there is a fear of flow-down of driftwood, a slit sabo
dam is built as a preventive measure.

dike works" for guiding mud flow and lava flow to safe zones and
“permeable-type sabo dam" for preventing large rocks from
rolling down and "sand pocket works" for allowing mudflow to
accumulate.




W Sabo works as comprehensive measures against
volcanic eruptions

A volcanic disaster extends over a wide range of areas
involving a loss of lives and properties. As a preventive
measures, it is necessary to take comprehensive volcanic
disaster prevention measures including non-structural preventive
measures like establishment of a warning and evacuation
system as well as structural preventive measures like the
construction of sabo dams and other facilities.

M Landslide prevention works

Il Flood Management, and Sediment and Erosion Control

N on gaugeson gace
"

A landslide is caused by a combination of various
factors (topography, geology, geological structure,
ground water, etc.). Accordingly, measures to be

taken for landslide prevention come in a variety of Channel works

types. Broadly the landslide preventive measures are
classified into two types of works: control works and
restraint works. The control works are intended to
remove or mitigate factors which may lead to the
occurrence of a landslide. On the other hand, the
restraint works aim at stabilizing a slope by the
construction of structures. Landslide-prone slope is
effectively stabilized by the combination of both types
of works.

Soil removal
work

Horizontal
drainage boring

Drainage well

Drainage tunnel
works

Steel pipe pile
works
Anchor works

taken in June 1990)
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M Slope failure prevention works

A slope failure is a phenomenon that a slope collapses abruptly due to weakened self- % Gravity retaining wall work
retainability of the earth under the influence of a rainfall or an earthquake. There are
countermeasures to the slope failures. such as wall works which check sediment from
upper slope in front of the resident area, crib works which is constructed by concrete crib
and cover the inside with vegetation, and soldier piles and lagging works which set up
sheet piles between stakes

Immediately after the
= completion of the works

Immediately after
a slope failure
disaster
(Kagoshima City,
Kagoshima
Prefecture, July
1986)

Several years after the completion of the works

Non-structural measures -

Other disaster
™ pravention organization

Muhlle communication
sysism

M Disaster monitoring system including installation of equipment for
collecting and processing information on rainfall 9

Safety measures are taken for areas which are vulnerable to sediment-related

disaster damages. These measures include: installation of equipment for collecting é‘:’_"_”:.;{.

and processing information on rainfall, etc.; use of an advanced disaster monitoring : g r.pms% ]
system intended to support warning and evacuation activities in a sediment-related i

disaster.

B Promotion of establishment of interactive systems for reporting
information on sediment-related disasters.

Prefectural
government

Resident Torepoda precursor L
Ta report information

Municipal  Infcematicn e o

0n a disaster

Precursor

Leader i cl\:lrga a!
regional disaster prevention

\ir
b

government G “‘j

Information on T
rinad e, INformation on
a disaster etc

Mooy el In order to protect invaluable lives from sediment-
related disasters, we have set up a system that allows
% mutual communication on sediment-related disasters

Mrsa oy between local residents and administrative

organizations both under normal condition and in an

Ministry of Land, emergency.

Infrastructure and Transport

Interactive
reporting
ysiem
Information
on a disasier

To spread infarmation on rainfall ete. amang
To distribute sediment-related disaster maps elc. amang

Contents
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M Outline of the Sediment-related Disaster Prevention Law disasters. These non-structural measures include public of risk

information of areas prone to sediment-related disaster,

The “Sediment-related Disaster Prevention Law” was development of warning and evacuation system, restriction on

established with the intention of instituting comprehensive non- new land development for housing and other specific purposes,
structural measures to protect people from sediment-related and promotion of relocation of existing houses.

Targeted Sediment-related Disasters :
Debris flow, Landslide, Slope Failure

| Preparation for Guidelines on Sediment-related Disaster Prevention Measures |

v

| Basic Survey |

v

W Designation of Hazard Area
Area vulnerable to sediment-related disasters
- Preparing for the early warning and evacuation system

M Designation of Special Hazard Area
Among hazard areas, special hazard areas are designated where
there is a fear of damages to buildings and serious human injuries.
- Restriction of the building in the area
- Establishment of building regulations for the safety
- Advice of moving the building from the area
- Financial support for the people who move from the area

Debris flow

Landslide

Steep slope failures

31



o0astline protection

The coastline of Japan is higly complex and long for its land. Severe
natural conditions, such as earthquakes, typhoons, and heavy winter
waves, make the Japanese coastline all the more vulnerable to natural
disasters.

The total length of the Japanese coastline is about 35,000 km. very vulnerable to natural disasters, such as tsunami, storm
This is approximately equal to the circumference of the earth. surge, high waves, erosion, and subsidence. Coastal erosion is
Under severe natural conditions including earthquakes, particular serious throughout the country. About 2,400 hectares
typhoons, and heavy winter waves, the Japanese coastline is of land have been lost in the past 15 years.

M Length of coastline per unit of land

(km/1000km?)
Japan I 02.2
USA W21
Germany [l 6.7
UK I, 50.8
France WM 6.3

ltary [ 25.2
Canada NN 20.2
Russia W 2.2
South Korea NN 24.5

* The faetbook 2005,U,S. Central Intelligence Agency

Hokkaido Nansei-oki Earthquake @)
{1993) ~={

Areas in danger of storm surge ——
Severely eroded areas sses
Track of major typhoons —

Winter storm ==y Nihonkai Chubu Earthquake
Seriously subsided areas |\ Linael

Tsunamis ———
N (® Sanriku-oki Earthquake (1896)
(® Sanriku-oki Earthquake (1933)

Major Earthquake centers @

Typhoon MNo. 9 (1958)

Ansei Tokai-oki Earthquake (1854)

Typhoon No. 19 (1991)

Typhoon Kitty (1949}

Typhoon Kanogawa (1958)
Ise Bay e
Typhoon No. 18 (1299) TY(F;"!';%%J; Typhoon No. 26 (1966) ad
Typhoon Ruth (1951) Typhoon Muroto (1934) Tonankai Earthquake (1944) @ Chie E
ile Earthquake
Typhoon No. 13 (1953) Mankaido Earthquake (1946) {‘1950)

Typhoon No. 12 (1996)
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W Erosion and accumulated land
( compiled over about 15 years)

Eroded area A"gg‘;'m
(hectares) (hectares)

Hokkaido 1921 631
Aomari 182 94
Akita 153 43

Yamagata 65 43
Iwate 8 g
Miyagi 79 52
Niigata 221 121

Fukushima B85 73
Ibaraki 114 176
Chiba 249 127
Tokyo 3

Kanagawa ar

ws » < Promote Integrated Coastal Protection System to
oo~ - . preventdisasters considering recreational use and

Ishikawa 38 26

ww o«  environment.
Aichi 40 . .
= ; In various parts of Japan, coastal areas hgd been protectec! mainly by steep seawalls and P‘EF’CR
mounds. However, continuous coastal erosion has resulted in severe damage to these facilities
HANATA L L through scouring and wave overtopping. This is why the Integrated Coastal Protection System has
ol 10 12 been developed. This system is a combination of several measures, such as gently sloped
Osaka 1 7 embankments, artificially enhanced sand beaches, and artificial reefs. This not only improves
Hyogo % 8 durability against high waves and erosion, but also enhances scenic, and recreational aspects.
Tottori 106 42
Shimane 89 19
M From Linear Coastal Protection System to Integrated Coastal
D 2 a Protection System
L (i s Linear Coastal Protection System
Yamaguchi 55 10
Ehime pref. 53 24
Kagawa 21 20
Tokushima 28 1
Kochi pref. 78 75
Fukuoka 3 10
Saga pref. 3 1
Nagasaki 134 22
Kumamoto 7 i
Oita pret, 90 8
Miyazaki 95 48
Kagoshima 264 144
National total 4605 2210
prefecture
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Measures against tsunami
storm surges

Tsunami

A major earthquake is imminent on the coast of Japan, and measures against tsunami are urgently required.

Northwest off the coast
. of Hokkaido
F M7.8 to 0.1%

Off the coast
of Akita Prefecture
M7.5 3%

P

Off the coast of Nemuro
M7.3 30% to 40%

L
North off the coast vl Off the coast
of Sado Isiand of Tokachi
M7.8 3to 6% = M8.1 to 0.7%

Genroku-earthquake North, off the coast
type Kanto earthquake| of Sanriku
M8.1 0% MB.0to 8

. ¢ :
= Off the coast
= of Mgags; Prefecture
A 7.9 99%
— -
= L Off the coast of Sanriku to area
"x . off the coast of Boso
’ = Tsunami lype MB.2 20%

Around Yonakuni Island
M7.8 30% -

Taisho-earthquake
type Kanto earthquake
M7.9 10 1%

Normal fault type M8.2 4 to 7%

Minami Kanto inland
M6.7t07.2 70%

Akinada to Bungo Straits

Hyuganada
M6.7107.4 4.0%

M7.6 10%

Nankai
M8.4 50%

Tanankai
M8.1 60%

Tokai
MB.0 87%

#(calculated value in January 1 2006, published by the Earthquake Research Promotion Headquarters)

Storm Surge

Many large urban areas are located in the areas below sea level. This necessitates full preparation against storm surges.
Ise Bay Osaka Bay
4 )
-

—_—

s
"- Actual state of areas
below sea level

LEN

Total of three big bays
Area 577 km2
Population  4.04 million

: T.P.£0m or below
B HWL or below
" : Design high tide level
B (HHWL) or below

# Shown above are areas whose three-dimensional mesh ( Tkmx Tkm) altitude data is below the tide level.
Prepared by the Ministry of Land, Infrastructure and Transport on the basis of Geographical Survey Institute map

Measures against tsunami and storm surges have been promoted through automation/remote control design of gates, improvement

of the tsunami and storm surge disaster prevention stations, and preparation of tsunami and storm surge hazard maps.

W Image of tsunami and stom surge disaster prevention station

TR Expected effects
sUrge 0bservalion system g ObSErVa = 1. Collection of earthquake or
Lorhd P s R : P ] et et tsunami information from the
g e meteorological observatory and
L Automation and remote| rapid supply of information to
Ofseaion  uram : | .
SIOrm[gﬁlansuof!l it coast mmﬁm v 7 residents of the regional and
information ransmission NS N 2 51| beach users.
) AT 2. Centralized control of gates
T rarsmssor il 3 / and land locks are located in
i ‘ 2| various parts of the area,
o : 92" g (71| enabling closure under remote

Observation,of tsunami and storm . control in the event of a tsunami.
surges by tide Bs Automati mote
i e | Wﬁ!%mrﬁ? & 3
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saster recovery

Emergency response is an important component of flood control

measures

Recovery is as important as prevention of disasters in Japan,
a disaster-prone country.

In the event of a disaster, emergency measures are taken to
minimize damage and the damaged facilities are restored.

Along with the recovery of public civil engineering structures
controlled by the national government, the government generally
bears most of the cost of the facilities managed by local
authorities.

Disaster recovery projects can broadly be classified into two
groups:

Disaster recovery projects and augmented recovery
projects.In disaster recovery projects, the predisaster condition is
restored. In augmented recovery projects, which are undertaken
when simple restoration is not enough because a similar heavy
rainfall event is expected to cause recurrence of a disaster,
restoration work out includes unaffected areas, in accordance
with permanent measures based on a set plan. Also restoration
is carried out taking account of cost performance, and the
surrounding environment of the river systems in mind. Disaster
recovery is as important as preventive measures.

Confluence of Yosasa and Kuro Rivers in the Naka
River System in Tochigi Prefecture at time of disaster
in August 1998

Five years after improvement

Confluence of Yosasa and Kuro Rivers in the Naka River System in Tochigi Prefecture just after

improvement (May 2000)
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ystem

1. The Flood Fighting Act

Geologically and meteorologically, Japan is located in an
environment prone to flood disasters. The country has a long
history of dealing with floods. Flood-fighting activities by local
autonomous organizations of villages have long been
implemented for defense measures along with flood control

"ne of the Flood Fighting

works. Since the heavy disasters inflicted by Kathleen Typhoon,
the importance of flood-fighting activities against flood disasters
by large typhoons was recognized, which led to establishment of
the Flood Fighting Act in 1949.

2. Revision of the Flood Fighting Act

The Flood Fighting Act revised in 2005 has additional
provisions to enhance flood fighting strength including expansion
of the scope of rivers designated as flood-prone areas,
improvement of disseminating flood information for medium- and

3. Flood-Fighting Organizations ...

In view of the historical background in which flood-fighting was
conducted and developed by traditional autonomous
organizations, mainly at the village level, the flood-fighting
management entities were basically city, town, and village
authorities according to the Flood Fighting Act. Such entities can
organize flood-fighting teams and can also help standing fire-
fighting agencies take part in flood fighting under their control.

Leaders (managers) of flood-fighting management entities
(city, town, and village chiefs) must establish flood-fighting plans
incorporating monitoring, warning, communications, liaison,
transport, operation of related facilities, and cooperation and aid
among entities.

(Revised in 2005)

The revised law allows the flood fighting manager to designate
public-interest corporations and incorporated nonprofit
organizations as flood fighting cooperative entities according to
application. It also establishes regulations on retirement benefits
for part-time members of flood-fighting organizations.

small-size rivers, foundation of flood-fighting cooperative
organizations, and provision for payment of retirement benefits
for members of part-time flood-fighting groups.

Flood-Fighting Management Entities

Citytowniallage desaster pravention meetings are called for in tha fiood-prone
areas as required activines needed 10 sacune the Irenamission of flood forecasts,
provide sheltars and other smooth and mpid evacuation fachities in cities, 1owns

_— and villages as part of disasler prevantion plans.
NS The cityftownivitage heads will make thorough efforts 1o lel residents know the

location of shallers, eto, provided for in the plans, In this casa, it is desirable to

use fiood hazard maps to provida infor residents. When evacuation of a

g wider area beyond the boundary of fhe citylown/vilage is necessary, (he

mehods o oparation rules for the council of the ctyllownhvillage meatng, i any, are 1o ba
e ——-:—-—"" stipulatad,

Cityfownivillage
disaster provention meetings

W Conceptual view of the flood fighting cooperative
entities system

ApplicationT i Designation

7

. . - s Fire fighting
T
Flood fighting cooperative entities | Tie-up agencies
+ Cooperation to flood fighting activities, Flood fighting

such as monitoring and warning team

« Collection, dissemination, and
enlightenment of information related to
flood fighting, etc.
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Outline of the Flood Fighting

4. Flood-fighting warnings, flood forecasts

For rivers that may cause substantial damage to the national
economy (109 Class A river systems and some of the Class B
river systems nationwide), the Ministry of Land, Infrastructure,
and Transport or the prefectures have to cooperate with the
Meteorological Agency in providing flood or possible flood
forecasts thoroughly to residents. The Ministry of Land,

B Expansion of designated rivers for flood forecasting

% _ Radar

Rainfall information ﬁ

from radar

rainfall levels

Rainfall amount and
level information

Ministry of Land,
Infrastructure, =
and Transport, ;

City/town/village
(flood fighting manager)

Observatory monitoring

Infrastructure, and Transport or the prefectures also designate
the rivers, lakes/marshes or the seacoasts to provide the flood-
fighting warnings to guide flood-fighting activities of the flood-
fighting management entities.

Meteorological
information

Meteorologica

Thorough understanding
by the general public



(Revision in 2005)

Improvement of flood information transmission for major
medium- and small-size rivers

A special warning stage for major medium- and small-size
rivers other than those designated for flood forecasts by the
Minister of Land, Infrastructure, and Transport or the governor
(Fig. 5), is specified as one of guidelines for evacuation warnings
as a substitute for the flood forecast. If the water level reaches
this stage, this fact has to be notified to flood-fighting managers.
Request for the cooperation of the media is to be issued as
needed to inform the general public thoroughly. In Japan, the
following water levels are set for each river for issuing of flood
forecasts:
- Bank-full stage: Water level at which the flood may cause dike
break or inundation damage. When there is any possibility that

W Image of setting the special warning stage

J
| Wiater ol change
J
|

Special warning stage
Guideline water level for

ign high watar level 4
evacuation, etc.

Warning stage
Guideline water level for
the flood-fighting team
mobilization

Normal water level

Improving flood forecasting
for major rivers

For rivers designated by the Minister of Land, Infrastructure,
and Transport and whose flooding will cover a wide area, the
flood inundation area and water depth can be forecast after
flooding occurs, in addition to conventional forecasting of water
levels and flows.

IV Flood Fighting

the water level may reach the bank-full stage, a flood warning is
issued to regional residents in cooperation with the flood-fighting
teams, administrative agencies, broadcasting stations and
newspapers.

- Warning stage: Water level during flood, which is a guideline
for flood-fighting activities. If the water level reaches the warning
stage and may rise continuously, flood-fighting activities, such as
patrolling by the flood-fighting team, etc. will be done.

- Designated water level: Water levels during flood, which serve
as a guideline for preparation of the flood-fighting activities. At
this level, members of the flood-fighting teams will be mobilized
and equipment will be prepared.

- Supply of the information that the water level has reached the
special warning stage in principal medium and small rivers

M Image of flood forecasting for medium and small rivers

Rain gauge station

l.n In-situ survey

Water level station
a2

Monitoring camera

Issuing of
flood forecast

W Improving flood forecasting for major rivers

f— Inundation recard of Typhoon Kathleen (September 1947) \

/ Map of inundation due 1o break of
Wl 1he Higasimura dike

Legend
I Wienar dopin of less than 50 om
[ Wier gt of 50 cm 80 7 m
R Wiar dogth of 2 m e moss

\_
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tline of the Flood Fight

5. Publication of the flood-prone area maps (with reference to

the revision in 2005)

M Flood-open area map of Nata River

The Ministry of Land, Infrastructure, and
Transport or the prefectural governor will
designate, as flood-prone areas, those
areas that may be inundated in the event of
flooding. The Ministry of Land,
Infrastructure, and Transport or the
prefecture will announce publicly and notify
the city/town/village concerned about the
flood-prone area and the expected water
depth in the event of inundation. On the
basis of the flood-prone area map, the
city/town/village will prepare and
disseminate the flood hazard map (the map
facilitating rapid and smooth evacuation of
residents in case of disaster while
enhancing their awareness) to residents.

(Revision of 2005)

In addition to the rivers covered by flood forecasts, the flood-
prone area is to be designated for major medium- and small-size
rivers designated by the Ministry of Land, Infrastructure, and

Transport or the prefectural governor.

Concurrently, the

city/town/village included in the flood-prone areas is to prepare
flood hazard maps and distribute their content for thorough
in the form of printed

understanding of the general public
materials.
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IV Flood Fighting —

6. Measures related to the underground spaces

In underground spaces, including underground shopping shopping malls, in the flood-prone area, the flood forecast
malls, subways, underground parking areas, etc., inundation transmission method is set to ensure smooth and rapid
depths increase dramatically faster than they do above ground. evacuation of facilities in the event of flooding.

When there are underground facilities, such as underground

W Supply of desaster information to administrators of underground shopping malls, etc.

City/town/village
(Flood-fighting manager)

Supply of the disaster information
lo adminstrators of underground
shoppeng mail, etc

‘l,.. "

(Revision of 2005)

Owners or administrators of the underground shopping mall, assurance plans independently or collectively.
etc. inside the flood-prone area are to prepare evacuation
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Per capita precipitation in Japan is only one-fourth of the world average.

Precipitation in Japan is nearly two times the world average, average. From the viewpoint of available water resources, Japan
but per capita precipitation is only one-fourth of the world cannot be considered a water-rich country.

M Annual average amount of rainfall and annual average rainfall per capita

Mean annual precipitation (mm/year) Per-capita precipitation (m*/year/person)
460 Australia 188,550
522 Canada 167,100
760 UsA 25,565
2,360 Philippines 9.320
750 France 7,001
660 China 4,958
1,716 I  Japan | 5,114
1,000 Italy 5,258
1,170 India 3,795
1,064 UK 4,415
943 World average I 21,796

Source: National Land Agency

Since seasonal variations of precipitation are great, water availability
is not reliable.

Tokyo, for instance, has considerable rainfall during the rainy high, seasonal variations mean that the amount of water
season and the typhoon season but has little rainfall in winter. available throughout the year is unreliable and unexpectedly
Consequently, even though annual precipitation is relatively small.

W Population and annual amounts of rainfall in cities

12.39 milion (8,35 million in wards) 770,000 B.01 million 7.07 million
1,467mm{1971-2000) S01mm(1871-1998) 1,123mm{1971-2000) 75imm{1871-1998)
250 250 250 250
200 200 200 200
150 150 150 150
100 100 100 100
50 50 50 50
Rarfall Raintall FRanndall Rasmndal
(mm) {mm) [mm) (mm}

* Source: "Japanese Statistics for 2004" and "World Statistics for 2004" edited by the Statistics Training Institute, Bureau of Statistics, Ministry of
Internal Affairs and Communications

"2004 Chronological Scientific Tables" edited by National Astronomical Observatory of Japan, Maruzen (2004)

US Census Bureau and Tokyo Statistics Bureau
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Growing water demand during period of high economic growth

The post-war Japanese economy before the Tokyo Olympics
maintained a high growth rate on an average through waves of
booms, in 1955-57, 1959-61 period, and 1963-64. Water
demand grew rapidly during these periods due to population
growth, industrial expansion, dissemination of washing
machines, etc., and improvements in the quality of life where
achieved due to improvement of the water supply and sewerage
system, and large consumption of building cocling water.

In addition, the pumping of large amounts of groundwater to
cope with rapidly increasing industrial water use led to ground
subsidence at an annual rate of 10 cm or more. This in turn
presented the problem of converting groundwater to surface
water, which led partially to an increase in demand for surface
water.

W Change in demand for water supply provided by the
Office of Water Service of Tokyo

W History of facility capacity and supplied water by the
Office of Water Service of Tokyo

(I/person-day) ]

(10,000 m3/day) Average water supply per capita per day
500

800
T Average water supply
per capita per day g 1 500
600 - T
400
500
400 IpaRimu A00
300 |Water supply—H Average water supply per day
200
200 <«4——— Facility capacity
/ 100
100 |
o hn . g

1950 955 1960 1965 1970 975 1980 1985 1990 1995
Source: "Centennial History of Modern Water Service of Tokyo®; 1999;
Office of Water Service of Tokyo

M Change in demand for industrial water (fresh water) in
Tokyo

Source: "Centennial History of Modern Water Service of Tokyo";
Reference and chronological table; 1999; Office of Water Service of Tokyo

Unit: water amount in thousand m3/day, Sum: ¥ 100 million/year
1950 1965 1965.1950 : :
Fresh water consumption Product shipment sum
Tokyo population 6,278 | 10,869 1.73 Total Surface |Ground- |Recycling Total |Industries dependent
~ water |water |water on service waler
£ |Population in water supply district
8 uhpuusanu persons) ooy 5,631 | 8877 1.58 1958 1,351 | 503 679 169 | 15,892 5976
E | oron opumon Y | 744 | 902 1.21 1965 | 2774 924 | 1491 [ 359 |41s81| 12759
o
= [Average water supply per capita, 1965.-1958 | 2.05 1.84 2.20 212 262 214
& |perday 321 396 1.23
=i - Notes: Under fresh water consumption, the value for surface water is
£ |Annual water supply (million m3){ 491 1,156 2.35 determined by deducting the recycling water and well water
(groundwater) from the total of fresh water.

he value for service water dependent industries is the total of the
medium classification of foods, textiles, paper pulp, chemistry, oil and
coals, ceramic soil and stone, and iron and steel.
(Source: Land and Service Water section of Industrial Statistics
compiled by the former Ministry of International Trade and Industries)

"Olympic" water shortage and emergency measures

Rapid growth of water demand forced the Office of Water
Service of Tokyo to operate to supply water beyond its facility
capacity. The service area of the reservoir system had to endure
water supply restriction for as long as four years from October
1961 to March 1965.

The water supply restriction reached its peak in 1964, that is,
immediately before opening of the Tokyo Olympic Games. The
Office of Water Service of Tokyo had to implement the 50%
water restriction in August, the same year.

T .'i'-“

Opening ceremony of the Tokyo Olympic Games



Water rights

In the 1960s, Japan reached its economic takeoff with a rapid
pace. The serious problem was that an expansion in water
demand could not be coped with. Since the demand for urban
water, including drinking (household supply) water and industrial
water rose on a dramatic scale, water was considered as an
important resource. Based on this consideration, the River Law,
which controlled the river administration in Japan, was revised in
1964, and all water rights became subject to a permit system.
However, the customary rights of the past were subject to the

M Concept of Water Rights in Japan

Affluent flow

2rse approaches to water
esources development

permit system authorizing the use of water under the same
conditions as before. In order to create new potentials for water
use through the construction of water resource development
facilities such as dams, it has therefore been necessary to seek
conciliation with these vested interests and file applications for
development projects as constituting a new water right. Based on
the water rights, the river administrator has sought equitable,
efficient and sustainable water use with respect to the historical
background.

f Flow volume

Affluent flow

Affluent flow water rights

Candidates for approval of

Stable water rights newly permitted water rights

N/ A—

Reference drought
water flow

Amount covered by vested water rights

Normal flow

Amount required for maintaining normal river function

#¢The smallest of the drought flows(river flows on 355 days or more in a year) in the past ten years
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iverse approaches to wat
resources development

Necessity of water resources development

When viewed from a global standard, Japan has a large
amount of rainfall and is rich in water resources. However, river
flows fluctuate substantially throughout the year according to
season - with larges flows occurring during the snow melting
season from April to May, the rainy season from June to July,
and the typhoon season from September to October. In other
seasons the flow is considerably less. Domestic use water and

industrial water fluctuate in consumption depending on the
season and the day of week, but not so much as the daily
change of river flow. Accordingly, stable water utilization
depends on enabling an intake of a constant amount of water
from rivers throughout the year regardless of river flow
fluctuation. Water resource development facilities such as dams
and weirs have been constructed for this purpose.

Mechanism of water resources development

Let us assume the river flow at a point where the water intake
is planned.

In a natural state without a dam, the river flow is large in rainy
and typhoon seasons as shown with broken lines in the figure,
but it decreases in other seasons. If intake of a constant amount
of water is to be attempted throughout the year, only the water
amount equivalent to A can be taken.

Accordingly, a dam is constructed to store water (the green

M Image of water resources development

-
Dam\;c\)"" ot

Supply .,

Large river flow

Storage

portion in the figure) when the river flow is large during rainy and
typhoon seasons and to discharge water to replenish river water
when the river flow is small (the blue portion in the figure). The
water flow fluctuates as indicated by the red line, enabling an
intake up to A + B throughout the year.

The water volume indicated by B in the figure, which is the
amount newly available, is sometimes called the "developed
water amount" of the dam.

Small river flow

June July

F!ainx season

August Seetember October November

Typhoon




IV Water resources

Water resources development facilities

The following facilities will be developed as water resources river to points of water utilization, such as agricultural land and
development facilities to enable utilization of the new water drinking water treatment plants.
amount. Channels are also constructed to direct water from the

Dams and weirs

There are two cases. One is to construct dedicated facilities to floods and to maintain normal functions of running water, and for
secure agricultural water, water for water supply, and industrial use in the hydraulic power generation.
water. The other is to build multi-purpose facilities to control

Chikugo River weir in Fukuoka Prefecture Chikugo River weir in Fukuoka Prefecture

Lake and marsh development facilities

These facilities are intended to regulate water levels artificially to make new water available, as in the case of dams.

Facilities for lake Biwa

Channels for adjusting river flows

Multiple rivers differing in annual fluctuation of the flow are redirecting water from another river, thereby making new
linked, so that the shortage of one river is supplied with water by amounts of water available.

Kasumigaura Water Introduction Kasumigaura Water Introduction
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Diverse approaches to water
resources development

Importance of water resources facilities

Up to the present, we have constructed about 860 multi-
purpose dams and about 1,700 dedicated dams for agricultural
water, water for water supply, and industrial water. Currently, as
an annual amount, a stable intake of 16.7 billion m® of urban
water (water for domestic and industrial use) is possible.

At present, Japan is consuming about 29.1 billion m? of urban
water annually, of which about 74% is taken from the rivers.
Development and construction of water resources development

MNatural

facilities has ensured a stable intake meeting the need for about
77% of the water taken from rivers and about 57% of total
consumption.

In particular, for domestic water for the Kanto coastal area,
where population and economic activities are concentrated, a
stable water intake has been assured for about 90% of the water
taken from rivers because of improvement of the water resources
development facilities.

(Note) As surveyed by the Water Resources Department, MLIT
Urban water is the sum of water for domestic use and industrial use.
(Percentage of water for domestic use accounted for by developed water)

Scale of water resources development facilities in Japan

The total storage volume of dams built up to now in Japan is
approximately 23.7 billion m® This includes all of the capacity for
power generation and flood control.

In Japan, construction of gigantic reservoirs is difficult
because of the small land area and short and steep rivers. Many

W Total storage capacity
Approx. 162 billion m*

Approx.

37.6 billion m® Approx.

Hoover Dam All dams in Japan

(US.A)

Aswan High Dam
(Egypt)

(Note) Excerpts from the Japan Dam Association and the Hoover Dam home page

28.9 billion m*

dams have been constructed despite these conditions.
Nevertheless, the total storage volume of all dams in Japan is
smaller than the storage volume of one Hoover Dam, and less
than 20% of that of the Aswan High Dam of Egypt.

Yagisawa Dam (Tone River System)



erious consequences of drought

W Major historical droughts

Every year drought occurs in = e

many parts of the countr R —
1964 Tokyo Tama River T10/64-10/1/64 84 days
y p y' 1967 Kitakyushu-city Onga River 6/19/67-10/26/67 130 days m’m
Tsukushino-city Chikugo River  9/5/67-0/26/67 22 days
In the past 20 years, almost every prefecture has experienced Nagasak-city 9125/67-12/5/67 __ 72days Nagasaki drought
+ 1873 Matsue-city Ibi River 6/2073-111/73 135 days
water shortage. Some areas have experienced drought almost Oty prowgrn IS de
every year. Since water demand is increasing, at this rate there Takamatsi-city 713739873  58days Takamatsu desert
: ; Naha-city, etc. 11/21/73-0024/74 239 days
will come a time when water shortage occurs frequently T g e o i
throughout the country. Naha-cily, etc. 4277478 176days
1978 Yodo River area Yodo River 91/78-2879 161 days
Kitakyushu-city Onga River 6878-121178 173 days
Fukuoka-city Chikugo River  5/2078-32479 287 days Fukuoka drougt
1981 Naha-city, etc. 7HO0B1-6/6/82  326days
1984 [Graoimg-gymm Toyo River 1012/84-3113/85 154 days
area,
P’m %Wm} Kiso River 813/84-313/85 213 days
Yodo River area Yodo River 10/8/84-3112/85 156 days
1886 Ga ri-city, etc.  Toyo River B/26/86-1/26/87 152 days
:L@.%
?’&%#&m Kiso River 9/3/86-1/26/87 146 days
‘Yodo River area Yodo River 1017/86-21087 117 days
1987 Tokyo, etc. mm 6/16/87-8/25/87 71 days ah:‘:'am
Gamagouri-gity, etc.  Toyo River 8/24/87-5/23/88 274 days
Lessons learned from the L
P’m Kiso River 8/12/87-3/17/88 188 days
n n
1889 Naha-city, efc. 2/27/89-4/26/89 59 days
FUkUOka drought ’ 1990 Tokyo, etc. Tone & Ara fivers _7/23/90-8/9/90 18 days
Mara-pref. Kizu River 9/1/90-9/16/30 16 days
The so-called "Fukuoka drought" which hit the city of Fukuoka - ;m ele. Yoshino Aiver _ 8/2/90-8:24/90 3:::5
. e 5 o -city, efc. 1-Ti2ren, 5
in 1978 persisted for 287 days. This drought caused serious %%%aéfafgﬁ,,_
inconvenience to the people of Fukuoka in connection with such 7993 Tshigaki lsland m;n T
everyday needs as cooking, washing, bathing, and toilet 1084 Takamatsucly  Yoshino Aver  7/11/94-9130/94 67 days
i Matsuy ity Shi bu River  7/26/94-11/25/94 123 days
flushing. The drought affected about 3,280,000 people and even Fatuka gy Chiogo Fiver — SADIGTTES 05 days '2ands drough
forced some people to move out of town temporarily. The Sasabo-city 81943595 213days
: . . 1995 Kouch-city Kagami River 12/13/95-318/968 97 days
drougt.n also had impact on' medical serwces. and caused T Vet SRS S
reductions of factory operations and the closing of beauty Kanagawaprel  fagami& Sskou 2200642496 77 days
parlors, barber shops, cleaners, and other businesses, and 1997 Kouchi-cly KagamiRiver  1/2097-3/1797 57 days
economic activities. 1998 Takamatsu-city, etc Yosrﬁnt.a Rw 9/7/98-9/24/98 18 days
Kouchi-city Kagami River  12/22/98-3/15/99 84 days
2000 Himej-city @'MRW 7/24/00-1072700 71 days
Imabari-city etc Soujya River 8/3/00-9/22/00 51 days
W Damage and losses caused by the Fukuoka drought (1978) Source: National Land Agency
Phase of drought W impact on local residents B Social impact
mﬂmm: - Storage (purchase of plastic containers) - Termination of pumping to elevated water tanks during interruption hours
Water supply restriction: - Water supply interruption at higher-elevations - Shorter opening hours of municipal swimming pool
12-21% 3 s . i
Total period: 83 days  ~ e water, turbidity, sedimentation - Water-saving menus (public elementary/junior high schools)
Water supply hours: - School children had to carry canteens and wel towels. - Influence on medical services (shorter hours for delivery/operation, etc.)
7 - 10 hours - Eating out - Closure of schools
Water supply restriction: - Reduced frequency of bathing
28 - 34% - Reuse of bath water, efc. - Shorter operating hours of factories
Total period: 123 days - Car washing on dry riverbeds - Sales losses due to shorter business hours (beauty parlors, barbers, cleaners, slc.)
:"‘?wm - Air transportation of mineral water (Japanese Red Cross Saciety)
N " A - Temporarily moving out of town - Bankruptey
%;;nt ) - Drilling of wells (For nondrinking purposes) - Temporary Closure of more universities
71 days ; ‘Mlﬂﬁﬂ'm
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The information-oriented society is vulnerable to drought.

Large computers require strict control of ambient temperature
and humidity and therefore need a large quantity of cooling
water. A survey of major city banks showed that about 60 to
70% of water consumed in one day at a city bank is used for
cooling.

Since cooling water is intensively recycled, further saving is

B Occurrence of drought in recent two decades (1985 - 2004)

Zero year
One year
Two to three years

Four to seven years

EOEECO

Eight years or more

difficult to accomplish; nor is it possible to store large quantities
of water. In the event of a drought, shutting down the computers
would be inevitable, even if the water supply for all other
purposes such as toilet flushing and drinking were stopped, and
such interruption would have a major negative impact on
business.

Figure showing the number of years in which water use restrictions or water supply interruption occurred during the period from 1985 to 2004
Draught occurrence state in the recent two decades



V Water resources

Changes in the amount of precipitation due to climate change

As a long-term trend, the annual average surface temperature
has risen about 1 degree centigrade over the past 100 years,
and about 3 degrees in large cities because of the effect of the
heat island phenomenon. Certain reports say that the annual
average temperature will rise by 1.4 to 5.8 degrees in the coming
100 years.

The average of amount of annual precipitation at 51 points

B Annual precipitation in Japan (1990 to 2004)]

nation-wide has tended to decrease as shown in the figure
below. In addition, the number of years with relatively smaller
amounts of precipitation has increased since 1970. Specifically,
precipitation in 1973, 1978, 1984, 1994, and 1996 was far below
the average, causing draught damage.

There is also a trend toward fluctuation between abnormally
small and abnormally large amounts of rainfall.

2,100
2,000
1,900 | ) l i
l |
> 1,800 1
e L AVl s
o, 1,500 4 1 - +
=) | \
& 1400 ! {
o || = Annual precipitation
= o 5-year moving average
(mm) 4,200 |— -~ Trend
1'1m 1 1L 1 1 1 1 1 1 1 1
1900 1910 1920 1930 1940 1950 1960 1970 980 1990 2000

(6e61) BAg aYET Ul Jajem jo abeuoys a1aa:

(£961) eseben ul abepoys s

(g261) nsieweye) ul afiepoys 1aiepm
(8L61) Exomyn4 ul abepoys J8leM _,
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(86 1) obiejadiyosy asaueder inoybnosy) abepoys tatep
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Drought conciliation

Speedier water-use

conciliation during droughts,

timely information and
simpler procedures

The recent tendency toward less rainfall and
the inadequacy of dams and other existing
water resources development facilities have
made communities throughout the country
more prone to water shortage and have
increased the frequency of drought. Fiscal
year 1994, in particular, experienced
extraordinary droughts in many parts of the
country, making the demand for countermeasures
all the more intense.

To cope with the situation, two reform
measures have been implemented.

DFacilitating water-use conciliation
during droughts

The River Law amendment of 1997 aims to
ensure smooth water-use conciliation from the
early stages of extraordinary drought. Under
the amended law, in case of drought water
users must make effort to coordinate their
water uses not only in cases where one or
more of the permitted water uses has become
difficult but also in cases where such water
uses are expected to become difficult.

The amended River Law also requires that
the river administrators make effort to provide
information necessary for water-use conciliation.

2 Facilitating water transfer between

water users

The amended River Law has now created a
new system under which water users may
transfer all or part of water they have been
permitted to use to other water users, subject
to the approval of the river administrator.

Serious consequences of drought

Consultation for water-use
conciliation during droughts

River administrator

Administrative

Water users

Provision of information
by the Foundation of
River and Basin Integrated

Class A river

Class B river
systems

ater-use conciliation councils

esaisned

Communications (FRICS)

(as of March 31, 2002)
69 river

103 izati '
systems organizations 4 .

; A household storing up water
Sicloms 25 OMganizalions  iuring the 1994 crought (Yomiuri

Shimbun, September 2, 1994)
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Creation of a "multi-nature”
river environment

What do we mean by nature-oriented river works

Creation of multi-nature river environment means preserving
or restoring a favorable river environment as well as avoiding or
minimizing unavoidable alteration of habitats or growth
environments favorable to natural life while securing a required

level of safety and flood control.

Essential points in creating multi-nature river environments

(1) Preservation and restoration of diversified environment
Biodiversity must be attained by preserving and restoring
diversified habitats and growth environments for natural life that
originally existed in the river.

(2) Securing of a sustainable environment

For life to inhabit or grow in and around a river, the upstream-
downstream as well as transverse continuity must be secured in
line with networking with the surrounding area.

(3) Preservation and restoration of river habitats and growth
environments

Preservation and restoration are attempted for habitats and
growth environments unique to the river by focusing on the
animals and plants representative of the river concerned as well

W Habu River
Creation of natural waterfront environment using
stones

(Above) One year and 10 months after work
Slender sweet-flag and pussy willow are growing on waterfront
{April 1995)

(Below) Before work

Shallow and flat flow.
Connected blocks exposed on
the slope

as rare or endangered species.

(4) Securing of the water cycle

Efforts are made to ensure the hydrological cycle by securing
the permeability of the waterfront so that the natural flow of
groundwater or spring water is not hindered.

(5) Gaining the understanding and cooperation of citizens,
persons with experience or academic background, and
organizations concerned

In addition to providing information on rivers, an exchange of
information and opinions is organized on a regular basis with the
participation of citizens interested in rivers, persons with
experience or academic background, and organizations
concerned.

I Hikichi River
Recovery of waterfront nature together with a park

8 H S

(Above) Two and a half years after work
The hometown river with abundant greenery along the

waterfront has been recovered. (October 1995)

(Below)Before work
Straight river with less
changes, which has a
concrete revetment
(December 1992)




Nature regeneration project

The object of the nature regeneration project is not to
undertake preservation of the river environment as a part of
mitigation included in flood control and water utilization project.
This is the first river project to recover a natural river system from

river environment.

W Regeneration of the Kushiro Marsh (Kushiro Marsh in Hokkaido)

r

straightened Hsd Nature regeneration

section project implemented

Current channel

[Straightened Kushiro River
after river improvement (Hokkaido)]

[Recovered meandering river

W Nature Regeneration Promotion Law

Nature Regeneration
Promotion Law

Basic policy for nature regeneration
Basic policy for p i

1sive p of reg

the Minister of Land, Infrastructure, and Transport, which is endorsed by the cabinet.)
- Reviewed approximately every five years

Administrative agencies/motivated NFO

(Each area)
Exampie: Prefecture A, Marsh P

ion of nature .... Developed by the government
(The Minister of Environment prepares a joint draft with the Minister of Agriculture, Forestry, and Fisheries and

the viewpoint of the catchment for the purpose of preserving the

This project is designed to best exploit the natural resilience
of the environment by minimizing the artificial work.

; e _‘I - . —Fk.-ccr\.rer\.r of §l
Image of recovering = S— S e e e Tcandering riverEEES
the meandering river = s - -

using the old river channel (image)]

Article 7

Article 8
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Addressing/setup of the council

Local public entities/
local administrative agencies concerned

Establishment of a collaborator, supply of information, and advisory

a

Overall concept (prepared by the Council)

Implementation Implementation Implementation
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[Maintenance and management by local entities
.... Agreement with the landowners, etc......]

Article 10

Mature regeneration promotion meeting
Liaison and coordination for comprehensive, effective and efficient promotion of regeneration of nal
comprising pertinent administrative agencies, such as the Minisl{?’
orestry, and Fisheries, and Ministry of Land, Infrastructure, and Transport)

.Op

ture

of Environment, Ministry of Agriculture,

Article 9

¥ o
3

Competent
minister

Minister of Environment
Minister of Agriculiure, Forestry, and Fisheries

Minister of Land, Infrastructure, and Transport

Nature regeneration
specialist group

inions

Article 17
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Activities for improvement of
river environment

Improving the river environment through flexible dam management

A river environment in the true sense of the word is created
through fluctuation of river flow volumes from low to high. In
Japan, dams constructed for flood control, water resource
development, and power generation have caused decreases in
flow volumes and a flattening out of the flow fluctuation.

The effects are the loss of landscapes appropriate for rivers

and damage to biodiversity. This has led to requests from
growing numbers of residents along rivers for clear streams and
bubbling brooks. What is now required is recovery of the
fluctuation of river flows in order to restore the roles and
functions that rivers originally had.

- What is the flexible dam management?

Flexible dam management means securing the capacity
(utilization capacity) needed to preserve the river environment

- What is flush discharge?

Continuation of the flow with less change over a long period of
time can cause stagnant water containing algae and
contaminants adhering to the river bed, which exerts adverse

56

within the flood control capacity needed to ensure the effective
dam operation.

effects on the environment and landscape. Regular discharge of
water stored in the dam will eliminate stagnation and keep the
water refreshed.

H Survey of flexible management of Sagae Dam (flush discharge)

= e ™ (1) Before flush discharge
Floating algae can be seen.

(2) After flush discharge
Floating algae is washed away.



VI Water Environment

Adjusting water utilization to improve river environment

Adjusting water utilization to improve river environmentThe from the dam to maintain a flow, that is, a flow that would
original environment is recovered and maintained by discharge normally be observed if there were no dam.
| Conventional: - - - |

Since a considerable amount of water is taken from the river o generate power,
the low-water section exisls between the intake dam and fall escape oullet.

Intake

| By discharging for flow maintenance- - -|

Discharging a flow to maintain normal river water functions (flow maintenance)
from the intake dam enables a return of a clear stream to the low-level section.
However, the power generation decreases because the water amount taken into
the plant decreases.
Intake

Intake dam Tank

M Improvement of coastal zones with due consideration for the environment

<Before discharge> <After discharge=

Class A river systern Ono River of Ono River system (Onogawa power plant, Ofta Prefecture)  Sinca November 1892

Class A river system  Oi River system (Kawaguchi power plant, Shizuoka Prefecture) Since March 1289
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Water purification measures of rivers

Water quality purification is achieved by sludge dredging, water to improve the water environment.
development of treatment facilities, and introduction of purified

High-tech dredger with high-performance pump (Kasumigaura, Ibaraki Purification by vegetation using the artificial floating island (Kasumigaura,
Prefecture) Ibaraki Prefecture)

2 thwater-purifier tank
1st water-purifier tank
Kogasaki treatment facilities
Abashiri River, Hokkaido "

< =

Kogasaki Treatment Facilities
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VI Water Environment

y

%
—_—

Water purification measures for dams

Some sections downstream of dams have no water or low
water because of water intake for power generation.
Downstream, water environments of rivers in cities are
deteriorating due to progressive urbanization. In response to
increasing interest in the development and preservation of river
environments, efforts are underway to secure flow maintenance

B Water purification situation

No water in the river

Before

W Aeration system

Production zone

(jwysasad) uopuedoiiyd jo Junowy

P S O P P S VLol VR N WU
555 556 S57 S58 559 S60 S61 S62 563 HI H2 H3 H4 H5 HE HT HE
Secular change in total number of phytoplankions
Sendal Office of Water Service, surface layer, average of July to September

and introduce purified water into rivers for cities downstream.
Against this background, recovery of clear streams is promoted
by expanding the dam water river improvement projects to
eliminate the no-water or low-water sections downstream and to
improve the water for rivers in cities.

Water returned to the river

After
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Survey and Study for Preservatic
of the River Environment

Census-taking of river waterfronts

To grasp the basic information on natural river environments,

habitats and growth of natural life in rivers and dams are

monitored regularly and continuously. This is being implemented
for 109 Class A and 151 Class B river systems all over Japan.

M Image of National Censuses on River Environments

Survey on fish
Aemm

Survey on benthic animals

Survey on actual space utilization|

Survey on rivers

{ Survey on plants
s
) F y I|l

River Ecology Research Group of Japan

Researchers in biology and ecology as well as river
engineering, at the National Institute for Land and Infrastructure
Management, Public Works Research Institute are cooperating in
researches in specific fields, studying the Tama River, Chikuma
River, Kizu River, Kita River and Sibetu River for the purpose of
understanding rivers from the ecological viewpoint and to find out
how rivers can be improved.

N

Kizu River in Kyoto

{Implementation system)

Research planning and pelicy Review of implementation of survey
determination, overall analysis and research, implementation of

and evaluation of research results individual research

e River research groups — %

a River
h Group

Kizu River -— Kita River
research Group research Group
2




fronmental education and
experiencing the natural activity of rivers r

Environmental education in rivers

To motivate society to learn from rivers, we will promote the to develop safe and enjoyable waterfronts.
use of rivers as children's playgrounds or as fields to experience In addition, tie-ups with citizen groups to foster the
the activity of nature. For this purpose, the Ministry of Land, development of leaders on river issues, and activities in the field
Infrastructure, and Transport, Ministry of Education, Culture, of rivers will be strengthened. Stress is also placed on utilizing
Sports, Science and Technology, and Ministry of Environment rivers to create opportunities to experience nature activities and

have coordinated efforts in a "Children's Waterfront Rediscovery environmental education.
Project." A "Waterfront School Project" is also being implemented

One-day educational lecture Leader training course
(NPO Meeting to recover clear stream on Karabori River) (Ecology research meeting in Hiroshima)

Children's Waterfront Rediscovery Project

<Prefectural level>

Children's waterfront | Reparting of
liaison meeting wa"=:"‘:f"
- Prefectural boards of) "5 S e oooh walertront>
i Waterfront School
- River administrators, o o Project
ete. H_B.Gll Whan walerront !
hmprovement
Project a5 necassany

support piication for

ST e ety % 2 Ap Director-General,
=Government levats |l g%yMardﬂlwn a:gg ey |s:r:|'.|u-": River Bureau
Children's \//w - River administrator |:Hw¢ = |

walerlwnl§

waterfront
promotion meeting
Ministry of Education,| Reglstralion of [ rt
Culture, Sports, waterfront UPPD o
Science: and activities Leasing of equipment and mar: 5
Technoiogy, Providing a variety of infarmation
- Ministry of Land, Coordination among cilizen groups
Infrastructure, and -
Transport, = \
- Ministry of Children's waterfront
Enviranment support center

M Regional citizen groups, people in
education, and river administrators
have jointly established the
Children's Waterfront Council.

M The "Children's Waterfront Support
Center” supports the activities (by
leasing equipment and materials).

B The "Waterfront School Project”
develops and improves facilities as
needed.

“Children's Waterfront” Activities (Kogi River in Osaka area)
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Dams can perform the task of
blending with the surrounding
landscape.

Dams abound with the atiractions found at features of resorts,

such as abundant water, neatly constructed roads, and
mountains covered with lush greenery. In order to enable people
to enjoy the dams, more effort is under way to improve the
environmental quality of dam areas.

(Okinawa pref.)

natural environment

SABO works, prevent
sediment disasters and
support community
development efforts.

Sabo works have made areas along Daiya River in Tochigi
Prefecture safer than ever. As a result, the areas that used to be
a flood plain have been developed into safe sites and effectively
utilized for residential areas, athletic ground and parks, thus
helping to revitalize local communities.

The Daiya river after channel works (Imaichi City, Tochigi Prefecture, 1995)



VI Water Environment A

SABO Works prevent sediment disasters and make effective
use of slopes as green parks or other purposes

The upper part of a hill prone to sediment disaster is removed.
Then this stabilized area is used effectively as a park, for the
purpose of regional revitalization.

frasmn

Before the works After the works

About 120 houses were relieved
from the danger of slope failures. A
hospital, a health facility center for the
aged and a community welfare center
were newly built (Horikiri-yama,
Onagawa-cho, Miyagi Prefecture).

Before the works.

After the completion prevention works
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Improvement harmonious with
natural environment

We are working to make coastal zone more enjoyable and

useful.

W Improvement of coastal zones with due consideration for the environment

Conventional approaches to coastal development have
focused heavily on disaster prevention. Future efforts, however,
should encompass measures to not only prevent disasters but
also develop coastal space into a medium through which to
promote contact between human beings and the sea. The

Coastal Community Zone project scheme is one such approach.
The goal of CCZ is, by combining public works such as coasts,
parks, roads, and sewer systems, and private sector vitality, to
create an environment that will encourage people to enjoy the

sea.

Tanoura Beach in Oita prefecture

Aqua Restoration Research Center

The Agua Restoration Research Center was
established to develop the technology which
supports river improvement method
harmonious with the natural environment in
1997. This facility is located in three divergent
areas along Kiso river in Gifu Prefecture. Kiso
river was chosen since it has a wide variety of
habitats and its environmental condition is
highly applicable to other rivers in Japan. This
facility consists of three main facilities, the
research center, three experimental rivers, and
six ponds.

L - Y =
Habitat Research Zone i Second End Point Pond B8
Water Inundation e 1] F'oint Pond / -

Frequency Research Zone,

= . E = BResearch and =
¢ o AT

— fshiccoiai el
JiRiver Bank Development Research Zone

il Backwater Research Zone
Gravel Bar Plant Conservation Research Zong,



Integrated with the surrounding region

Rivers function as waterfronts affording people with pleasant
experiences, providing enjoyable landscapes and disaster
prevention functions as transport routes for possible evacuation
and conveying critical supplies in the event of earthquake. The
need is growing these days to utilize various functions of rivers in
town planning, so that each region can best enjoy its own
specific characteristics.

The River Bureau of the Ministry of Land, Infrastructure, and

Transport promotes project by registering and approving those
intended for integrated structural and non-structural
development in conjunction with the region, such as the
Waterfront School Project and the Community River
Improvement project for further development of flood control
activities appropriate to regional characteristics and needs.

Such projects will also involve municipalities playing a
substantial role in implementation.

Community River Improvement Project

Established in 1987, this project was implemented while being
integrated with town planning jointly by river administrators and
municipalities.

Many rivers are now abundant in natural settings, with
accessible spaces, and spaces to enjoy landscapes that are
attractive to local residents.

Sakuradutsumi Model Project

Established in 1988, this project was implemented while being
integrated with town planning jointly by the river administrator
and municipalities.

The Japanese most favorite cherry trees were planted on the
river banks, providing the place of relaxation and recreation for
the people.

A Waterfront Plan project

The Dotonbori River is located in Osaka's well known
shopping and entertainment area. Historically, Osaka has grown
by linking its rivers with industries, people, and life. Osaka aims
at restoration of "Water City, Osaka" in its regeneration activities.
As a part of such activities, regulations on the river zone have

Bustling center around Dotonbori River

lzumi River (Yokohama)

Cherry trees along the Hinokinai River in Akita

been relaxed to allow utilization of this river. The river zone is a
public space that cannot be occupied for purposes not
accessible to all. In the Dotonbori River area, open cafes
operated by private enterprises are permitted.

Opening of the river zone to private enterprises (image)

own planning based on utilization of waterfronts

r
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Establishment of river
‘Information systems

Establishment of river information systems

(1) Outline

Optical fiber networks will be developed to upgrade and
improve facilities management efficiency, including normal
monitoring and remote control of river administration facilities in
the event of disaster and in normal conditions. This will also be
done to achieve an open river administration, promote
information sharing, enhance supply systems and establish two-
way communication between agencies and residents.

(2) Information network and disaster prevention system

- The Ministry of Land, Infrastructure, and Transport has an
information network established between the Ministry and
river/highway offices and regional development offices for the
main purposes of river and road facilities management and
disaster measures.

- In particular, we are to promote the development of integrated
networks, in which high-speed large-capacity optical fiber
networks and wireless networks with high disaster resistance
are organically interlocked.

- Various disaster prevention systems are built on the basis of
information network.

- Rainfall and water level data collection system for river and
road administration, radar rain-gauge system, seismograph
network system, facilities monitoring camera, and helicopter
TV picture system are to be developed.

- A facility damage information sharing system and TV
conference system are to be utilized for rapid response in the
event of disaster.

-In June 2003, a Disaster Information Supply Center was
opened for the integrated supply of disaster-related
information possessed by each division of the Ministry of
Land, Infrastructure, and Transport, which provides
information widely to the public via the Internet.

1) Information networks
(1) Wireless network

Networking about 930 agencies, including the Ministry,
regional development offices, river/national highway offices,
prefectural governments by means of 1470 wireless stations

(2) Optical fiber network

Networking the Ministry, regional offices, river/national
highway offices, and municipalities by means of about 27,000
km optical fiber cables laid as of 2003.

(3) Satellite network

Used to back up the ground network and to transmit images
of disasters by means of stations fixed at the Ministry and
regional development offices and mobile ground stations all over
Japan.
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Establishment of river
information systems

2) Disaster prevention system

Various disaster prevention systems have been developed to
administer rivers and roads under control of the Ministry as well
as to cope with disaster measures.

(1) Information collection system
- Rainfall amount and water level telemeter information
- Radar rain-gauge system

- Seismograph network
- Picture transmission and collection system (pictures from the
facilities monitoring cameras and from helicopter TV)

(2) Information collection and processing system
- River information system
- Road information supply system
- Picture information sharing system

tion and supply of various disaster information

Display of dam discharge
information

Real tlme supply of
river information

TV station
it CATV station
Local FM |
station

TV, Internet

Drainage pump
stations and gates

W
Vel
T

i

Slope monitoring with GPS

& ‘:;-1: R i s
Ay Space monitoring
and remote control

Gate and land lock




VIl River Informations

I Telemeter rainfall and water level data supplied via the internet ("River disaster prevention information")

& Disaster prevention information concerning rivers, such as the river water level,
rainfall state, dam storage condition, etc. supplied in real time via the Internet
(Service started in June 2001)

[ Contents l

& Radar information (radar rainfall, radar rainfall history)
' Telemeter information (water level, rainfall, water quality, snow depth)

@ Flood fighting warning

@ Flood forecast

@ Dam information (dam discharge notice, various dam data)
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‘Establishment of river
information systems

Disaster Information Supply Center
-One-stop search and supply of disaster prevention
information, via the Internet, which is maintained by each
division of the Ministry of Land, Infrastructure, and Transport
(Typical information)
Real-time rainfall
- Supply of 1855 river-related data, 1122 road-related data, and

1315 Meteorological Agency data in real time (every 10
minutes)
Real-time radar
- Supply of rainfall observation information from 26 radars for
rivers and roads and 21 radars of the Meteorological Agency
(every 10 minutes)

W Information, including images provided by the disaster Information Center

Real time information i
rain-gauge, radar)

Infrastructure, and

River Bureau, Road Bureau, \

etecrological Agency) information

- Disaster prevention

Land and Water Bureau

City and Regional
Development B

IJ"!JI. ETAWR

Disaster information supply center
home page, Ministry of Land,

\ (Operated by Meteorological Agency)

- Uniform and integrated real-time

- each bureau (June 2003to )
I - Uniform integrated stock data .
L information using GIS (planned for 2004)™

Transport)

Now....we need the
weather and disaster
prevention of a place
—__we want.

information from

~=

ention information

User
(person in charge of disaster
prevention, the public)

.
|Hdi§m

[Real-time rainfall information]

[Real-time radar information]
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Supply of river information via internet or i-mode is the Real-time supply of information on "rainfall" and "water level" for
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Establishment of river
information systems

Sharing Information and Improving Communications

We will (1) improve provision of information, (2) develop
databases and (3) promote information disclosure to make
available the extensive information on public works projects,

develop innovative information sharing and enhance two-way
communication.

Case: Provision of Basin-Wide Information via the Ara River

Community Net

To serve areas downstream along the river, we have developed
the Ara River Community Net, which links the local communities
in the river basin with an optical fiber network for information
management and networking in order to provide swift and
accurate information, especially during natural disasters such as
floods and earthquakes.

The Ara River Community Net is a basin-wide information
network connecting parties such as local authorities, companies,
knowledgeable persons and residents by using optical fiber
cable laid in the downstream area of the Ara River linked to a
CATV cable network. Using advanced computer systems, the
network provides numerous parties with disaster information,
river information in normal times, and community information.
[Purpose: Utilize the Information Network to Help Form New
Local Communities]

(OThe Ara River Community Net will provide information to help

build ties between companies, academic institutions,
government agencies and citizens in order to establish an Ara
River Life Area, a broad community in which the people in the
downstream area along the river can lead fuller lives by enjoying
stronger ties.

[Content: Provision of Disaster Information and Images of the
Ara River by CATV]

(OUsing the optical fiber line installed for communities in the
downstream area along the river, we built an information network
linked to CATV and other broadcast stations.

(OUtilizing advanced computer technologies, we provided
disaster information, river information at normal times and
community information via the network serving the Ara River
downstream areas.

Oln fiscal 1999, we provided river basin communities with
images of the Ara River broadcast by a CATV station.

M Provision of River Information during Normal Times
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Japanese International Cooperation in
Flood Gontrol Technology

Japan-China River and Dam Conference

This conference was established as one of the cooperative
activities based on the Japan-China Science and Technology
Cooperation Agreement concluded in 1985.

Its aim is to contribute to enhancement of river administration and
technologies of both countries through presentation of research
results and an exchange of opinions on such topics of common
interests to both countries as rivers and dams.

Personnel Resources Development Project for Water Resources
Management in China

The Ministry of Water Resources of China faces such problems as
a shortage of personnel resources with high-level technical
training, an unbalanced distribution of personnel resources among
districts, and aging of engineers. The Personnel Resources
Development Project for Water Resources Management of China

is being implemented to overcome these problems.

Japan-Netherlands Water Management Conference

In 2005 government officials from Japan and the
Netherlands met to discuss cooperating to meet challenges
presented by problems common to both countries such as
floods and storm surges. Participants presented the latest
information on measures being taken in their respective
countries against flood and storm surge. They also
exchanged opinions, agreed that cooperation in the water
field would be of benefit to both countries, and issued a
signed declaration.

and Marshes

This seminar is intended to contribute to the enhancement of
water management and related technologies, and the
promotion of information and people-to-people exchanges
concerning water management in both countries

Japan-Italy Sediment Disaster Prevention Technology
Conference

This conference is intended to push forward technical
cooperation in the field of sediment disaster by discussing
and exchanging information on recent sediment disasters,
countermeasures implemented, the latest technologies, and
such topics as laws and regulations, and administrative
issues including those related to surrounding countries.

‘ - \ he Neﬂ‘erlands
Japan-France Water Management Seminar for Rivers, Lakes

% M France

P

Project to Establish a Syrian Water Resources Information Center

Syria is experiencing serious water shortages, including recent
draughts, because of growing demand for water that is
accompanying population growth and industrial development.
Parts of the country suffer from such problems as abandonment
of agricultural lands due to depletion of irrigation water,
substantial lowering of groundwater levels, and depleted well
water. The country's Water Resource Information Center
Development Plan is being implemented to establish a system for
adequate management of information on water resources to cope
with these issues.

\
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M China

]
Italy 0

M Syria Korea

M Iran  Nepal

/

BRE 20 The;hilippines

S

M Indonesia

Nepal Natural Disaster Mitigation Support Project

As a cooperative effort to deal with the problem of
sediment and water disasters that occur every year, JICA
has implemented a “Nepal Flood Control and Sabo
Technology Center Project” for the past seven and a half
years. The Natural Disaster Mitigation Support Project is
under way because it is essential o integrate measures
taken against disasters throughout Nepal.




VIll International Exchange and Cooperation

Japan-Korea River and Water Resources Development Technical
Cooperation Conference

This conference was established on the basis of a joint communiqué of
a ministerial meeting on science and technology in both couniries in
1977. Its objective is to promote technical cooperation through
presentations of research results and exchanges of opinions on
technical issues pertaining to development of river and water
resources.

Conference

Japan-Korea Sediment Disaster Prevention Technical

This conference has been held since 2001 with the
objective of exchanging information and opinions on recent
trends in the field of sediment disaster prevention measures
in Japan and the Republic of Korea. The conference
contributes to technical cooperation in sabo administration
and related technologies in both countries.

‘Japan-U.S. Flood Control and Water Resources Management
Conference

To promote technical cooperation with the U.S. Army Corps of
Engineers that possesses the advanced flood control
technology and water resources management, a conference
has been held since 2004 on the basis of “Implementation
Agreement conceming Flood Control and Water Resources
Management between the Ministry of Land, Infrastructure and
Transport of Japan and the U.S. Army Corps of Engineers”
(signed in March 2003) concluded in accordance with the
Japan-U.S. Technical Agreement.

Indonesia Volcanic Area Integrated Disaster Prevention Function Reinforcement Project is under way to
Project augment functions of administrative agencies fighting
Indonesia, the volcanic country, has a large pepulation of ag:amst thgse disasters anq K prm_ude_ wchnical ;
farmers living in areas with fertile volcanic ash land around guidance in terms of practical application technologies
volcanoes. These areas suffer as many as 2,000 minor as well as those related to river and sabo engineering.

The Philippines Flood Control Administrative Functions
Reinforcement Project

The Philippines suffers frequent and diverse natural
disasters because of her geographical, meteorological
and geological conditions. These include typhoons,
floods, landslides, sediment movements, earthquakes,
and volcanic eruptions that inflict enormous damage on
people and property. The Flood Control Administrative

and major sediment disasters every year, resulting in
significant loss of life and property damage. The “Volcanic
Area Integrated Disaster Prevention Project” is under way
to mitigate the risk of these disasters.
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International Flood Network
(IFNet)

Objectives

The objectives of the IFNet activity are to reduce flood damage th roughout the world, and to promote a policy aimed at decisively
breaking the vicious cycle of poverty and environmental destruction by facilitating intemational cooperation in flood management.
+ To reduce the loss of life and damage caused by floods.
* To promote policies and practices that can break the vicious circle of poverty and environmental degradation and lead to a
safe and sustainable future.

Activities
IFNet is an open network of persons and organizations from all over the world that are involved in flood disaster reduction. The functions
of the network are designed to provide support for activities undertaken to reduce flood damage.

¢ "Action Report" - A report on actions taken to reduce flood damage and prevent disasters -

To share broadly the lessons learned in flood-fighting experiences and countermeasures in each country and region of the world, it
reports on actual flood disasters, damage incurred, and countermeasures taken immediately after the outbreak of a flood, also on
subsequent actions taken to reduce flood damages.

® Raising Awareness of the importance of flood issues
For spreading recognition of the importance of flood disasters, IFNet is participating in international conferences and support related
activities.

® Strengthening network functions and promoting cooperation
IFNet is moving ahead with efforts to strengthen cooperation with other organizations active in flood mana. This includes participation in
other organizations projects and in IFNet activities, including those related to disseminating information.

® Dissemination and exchanges of information

Collection and dissemination of information on floods and flood risk management efforts, compiling and disseminating information
received from members around the world, issuing reports on participation in interational conferences, publishing a regular newsletter
etc.

® Global Flood Alert System (GFAS)

IFNet provides information on global rainfall with indication of heavy rainfall areas utilizing data observed by global observation
satellites. The information is expected to become a valuable source for flood forecasting and waming, particularly in such river basins as:
rivers without any telemetry system; large rivers where upstream rainfall takes several days to reach downstream; transboundary rivers
where it is difficult to communicate information from upstream to downstream. (See also following figures.)

M Global Flood Alers System (example)

G.fobél re;infei'l-l mép A 4% ol Map showing 1/10 chance of rain  Areas exceeding 1/10 chance of rain



Secretariat for Preparatory
Activities of UNESCO-PWRI Centre

Objectives

In view of the importance of solving water problems occurring frequently worldwide, the UNESCO International Hydrology Programme
(IHP) is contributing to solve global water problem through the foundation of UNESCO Centres in every corner of the earth. The centres
serve as an international base for every specific theme of water field and aim to promote exchange of international information,
partnership and cooperation.

The Public Works Research Institute, an independent administrative agency of the former Ministry of Construction, has contributed with
significant achievements in solving diversified water management problems, including flood control, water resources and quality
management of public waters and river ecology among others. Recently, international research projects, such as the flow prediction of
the Mekong River basin, known for its data scarcity, are also done successfully. The Public Works Research Institute played also a
central role in the Phase 1 of the World Water Assessment Programme(WWAP), hosted by UNESCO headquarters and run by the 24
UN Agencies including WMO and WHO, by developing the greater Tokyo case study for what the achievements were highly esteemed.
Recognizing the positive role of such international contribution and willing to make use of its accumulated technical knowledge and
achievements in promoting future research and development required for solving the multifaceted water management worldwide, the
Public Works Research Institute is going to found an International Center for Water Hazard and Risk Management inside the institute,
after its recognition by the UNESCO general meeting in autumn 2005.

Policies

This centre aims to promote Research, Training and Information Networking activities, focusing on the issues and problems related to
water hazard and risk management.

These three activities will be developed in integrated manner. For instance, the daily research results will be applied to the capacity
building for researchers and professicnals mainly from developing countries. The human network to be formed through the training
activities will become a permanent core of the future information networking. The information networking will boost mutual flow of
information, enabling the outcome to be reflected accurately in the research and capacity building.

In other words, we aim to work on various problems synthetically by organically interacting research, training and information
networking.

Three Pillar Activities



Prepared by

Infrastructure Development Institute-Japan
5-3-23 Kojimachi, Chiyoda-ku, Tokyo ,Japan

Tel. +81-3-3263-7920

Japan River Association

2-6-5 Kojimachi, Chiyoda-ku, Tokyo
Tel. +81-3-3238-9771

Under the Supervision of
River Bureau,
Ministry of Land, Infrastructure and Transport

2-1-3, Kasumigaseki, Chiyoda-ku, Tokyo, Japan
Tel. +81-3-5253-8444

2006.3
(Rev.2006.9)



