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Japan is vulnerable to climate change. o condiions
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Elevation
(i) Land: A north-south stretch of land extending over a length of 2000 km [
(i) Four main islands: Four main islands are separated from one another by
straits. There are also numerous small islands.
(iii) Backbone mountain range: Mountains run at the middle of the land. 0 H
(iv) Tectonic lines: Median and Itoigawa-Shizuoka Tectonic Lines run from Ab o Ut 50 /0 Of p 0 p u I atl on B
north to south. 0 . 3m - 4m
(v) Plains: Narrow plains are located along shorelines. an d ab out 75% Of = ;’“ ‘im _
(vi) Weak soils: Most large cities are located on weak soils. 0 — mmon
(vii) Earthquakes: About 10% of world's earthquakes occur in Japan. p ro p erty on ab ou t 10 /0 Of — ﬂ _ om
(viii) Heavy rains: Japan is on the eastern edge of Monsoon Asian and is faced B e Area
with the threats of heavy rains and typhoons. Rivers flow on steep slopes. I an d I ower th an Water
(ix) Snow cover: Sixty percent of land is located in snowy and cold areas.

levels in rivers during
flooding



Japan and the Netherlands 1. Present conditions

in Japan
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Japan The Netherlands
Area 378,000km2 Area 42,000km2
Geographical characteristics Many short steep rivers. Rhine River, Maas River, Schelde River as mild
Sediment problems because of poor solil slope international river
Flood plain area is located by alluvial fan and Delta and low area
riverside
Name of River Tone River Rhine River
Profile of | Basin Area About 17,000km?2 About 185,000km2
represent .
ative length of river 322km 1,320km
river Average bed slope About 1/175 About 1/2,600
largest flow discharge 17,000m3/s(1947) 13,000m3/s (1926)
annual mean rainfall 1,718mm About 800mm
Climate . L
characteristics 100 year daily precipitation 376mm Tokyo 80mm de Valdo
100 year hourly precipitation 94mm Tokyo 40mm de Valdo




: - - 2. Outline of the IPP
Mechanism of global warming and climate change (impacts on water-related disasters)

Large volumes of greenhouse gas emissions cause CO, concentration in the air to rise and increase heat
absorption, resulting in temperature rise. Thus, global warming occurs.
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Melting of glaciers, ice caps and Thermal expansion Change in Change in snow
ice sheets of sea water evapotranspiration accumulation condition
Sea level rise A 4 1 1
(Maximum rise: 59 cm) More intense typhoons Increase of More frequent heavy Earlier snow melt
precipitation by a rains and droughts and reduction of
factor of 1.1 to 1.3* discharge
| b

v

Change in water use

Increase of river flow rate pattern
| }
v v

More frequent high tides and coastal More frequent More serious debris flow Higher risk of drought |
erosions floods




Rises of temperature and sea level e

-Temperature is expected to rise by about 0.2 per decade in the next 20 years.

-Global average surface temperature is expected to rise by 1.8 to 4.0 _ in 100 years' time from now.
-Global average sea level is expected to rise by 18 to 59 cm in 100 years' time from now.

-Global warming and sea level rise will continue over several centuries even if green house gas emissions
are controlled.
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1900 2000 2100 Rises of average temperature and sea level at the end of the 21st century
Year AL: High growth oriented society Society achieving both Society achieving high
ALFI: Dependent on fossil energy sources global environmental economic growth
ALT: Dependent on non-fossil energy sources protection and dependent on fossil
A1B: Emphasis on the balance among various economic development energy sources
energy sources
A2: Multipolarized society . About 1.8 About 4.0
B1: Sustainable growth oriented society Temperature rise (from1.1 t029 ) (from2.4 t06.4 )
B2: Emphasis on regional initiatives
Source: S i i
ea level rise Sea level rise
IPCC AR4 WG1 (Working Group 1) Summary for Policymakers (Japan Meteorological Agency)

-Solid lines indicate rises of global average surface temperature in each scenario identified using multiple models.
-Shaded areas indicate the range of standard deviations of average annual temperature for each model. Source: IPCC AR4 WG1 Report



How to study adaptation measures

Resolution of climate change prediction
models has been enhanced year by
year.

Predicting climate
change

4 |

Predicting the increases
of disaster risks

IPCC First Assessment Report
(1990): Horizontal resolution of about
500 km

IPCC Second Assessment Report
(1996): Horizontal resolution of abou
250 km

»Predicting the increases
of floods in each basin

. IPCC Third Assessment Report
>Eval'_-1atmg Safety . s ) . (2001): Horizontal resolution of about
reduction in each basin g ' 180 km

k /

4

Re-defining the goal

(2007): Horizontal resolution of abol

IPCC Fourth Assessment Report
u
110 km

GCM20 and RCM20: Horizontal
resolution of about 20 km

Mesh sizes are simply indicated regardless of actual mesh locations.

» Prepared by the River Bureau



Areas with increased rainfall amount e el

ﬂuture rainfall amounts were predicted as a\
median value of

Average rainfall in 2080-2099 period
Average rainfall in 1979-1998 period

The above equation was obtained based on
the maximum daily precipitation in the year
at each survey point identified in GCM20
(A1B scenario).

Hokkaido 1.24

Tohoku 1.22

Kanto 1.11 iy /’EE»Q;

Hokuriku 1.14 - e

Chubu 1.06

Kinki 107

Southern Kii 1.13 f’ e 115 120
San-in 111 mfm -«;;g: 110 115
Setouchi 110 ' Sl 105 1.10
Southern Shikoku 1.11

Kyushu 1.07




Declining the degree of safety against flood by increasing rainfall

Aljigeqold aouepaadxa [enuue

Impact for flood safety level by changing rainfall after 100 years

Future flood safety level annual exceedance probability
Region 1/200 CurrentPlan | 1/150 CurrentPlan | 1/100 CurrentPlan
Number of Number of Number of
river system| river system| river system
Hokkaido 1/40 1/70 2 | 1/25 1/50 8
Tohoku 1/22 1/55 5| 1/27 1/40 5
Kanto 1/90 1/120 3 ]1/60 1/75 2 1/50 1
Hokuriku 1/50 1/90 5| 1/740 1/46 4
Cyubu 1/90 1/145 2 ]11/80 1/99 4 | 1/60 1/70 3
Kinki 1/120 1
Southern Kii 1/57 1 1/30 1
Saninn 1/83 1]1/39 1/63 5
Setouchi 1/100 1| 1/82 1/86 3| 1/44 1/65 3
Southern Shikoku 1/56 1 1/41 1/51 3
Kyusyu 1/90 1/100 4 | 1/60 1790 14
All Japan|1/90 1/145 7 |1/22 1/100 28 | 1/25 1/90 47
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3. Impacts of
heavy rains

Declining the degree of safety against flood
by increasing future rainfall
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Circled number is number of calculated river system



. . . q 4.1 f
More frequent and serious droughts: Change in river flow rate due to global warming dTop:‘gﬁso

Comparison between present conditions(1979 to 1998)
\ and future rainfall(2080 to 2099) in Class A river

-

Comparison between
present rainfall and
predicted rainfall after 100
years shows decrease in
most area in March - June

\ /
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Reduction of river flow rate in il)f >/
the periods requiring irrigation 4 Y
water e.g. during the surface ;‘-;**‘i?
soil puddling in paddy fields _;#L'?.ﬁft:ﬁf
. i "{ L'. L 5
may be detrimental to water use. ' {'j'_:_fx/‘{’*ra‘s.’;\ \ Legend
|_'h1-,‘_":""?'!i;.'.}1". - ?--‘u- _Jll__ -'x;:?‘?fl"‘ - - Future water volume/present water
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_.‘ o g PC’ e :_ 1T ST; water volume/present water
] }; ! & -':im{ SO?umeF:Tg water volume/present water
: a") "Qq - Fultureviatervolume/presenlwalev
R

Spring (March through June)

Source: Water Resources in Japan 2007, Land and Water Bureau, Ministry of Land, Infrastructure and Transport



. . . . 4. | f
Frequent and more serious droughts: Change in river flow rate due to global warming dTop:‘gcﬁso

(o . )

( . )
In the upper Tone River, snow cover With global warming,

is likely to decrease considerably. (i) earlier snow melt and (ii) reduction of snowfall
That will accompany the reduction of induce changes in river flow rate, and
river flow rate in the snow melt (ii) earlier surface soil puddling in paddy fields is

season or in early spring.

S expected to cause the annual water demand pattern

Qo change and to have serious impacts on water use)

J

Change in snow cover in 100 years' time due

.. - - T T T
to further global warming (Fujiwara) (ii) Reduction of river 1 4= (i) Earlier discharge due tp earlier
flow rate due to I snow inelt !
300 redyction of the amount; ! !
===Average " u 1 1
)50 e of showfall | v_ = | |
[]
T 200 | . = Reductloh of river flow rate during the
S O [ ]
% 150 | g = surface spil puddling in paddy fields
z : i |
2 100 ~ . - ! !
(% % ‘ I 1
50 |- M = ; Present |
— : Q) .
0 ; ; ; = 1 |
October 1 November 1 December1 Januaryl February 1 March 1 April 1 May 1 E} ‘I . : .
x || ! ! !
*Prepared by Water Resources Department, Water and Land Bureau, Ministry of j I j j
Land, Infrastructure and Transport based on Regional Climatic Model (RCM) 20, |
a global warming prediction model, developed by Japan Meteorological Agency. ! (”I) Insufficient rIV¢I’ flow rate even wl1en the
' surface puddling starts earlier (requmpg large
' amounts of |rr|gat|on water) !

i <+—>
January April  surface soil July October
. puddling period . . .
Release of reservoir water not contributing to effective water use
Where the reservoir is full, released water is not used effectively.

Source: Water Resources in Japan 2007, Land and Water Bureau, Ministry of Land, Infrastructure and Transport



Impacts of sea level rise:
Increase of areas below sea level, and of risks of inundation due to high tides sealevel rise

' Increase of risks of inundation due to high tides

*At present, it is not clear whether the increase of inundation risk is

. attributable to global warming or not but there may be a possibility.
Frequency (times)

, . . . 120 A
-St. Mark's Square in Venice was flooded with 100 I About 100 times
water less than ten times a year at the beginning 8o | /-’
of the 20th century. Ground settlement and 60 About 40 times
climate change later caused the frequency to 40 Y s than .
increase to about 40 times a year by 1990 andto %0 (@ime oo s T T sl
as many as 100 times a year in 1996. o o o o o o o o .- o =
. ; : : S 5 S a > 3 S -5 3 & ..-°8
-There is also a report of 250 times of inundation a 3 2 3 3 a a2 .33 2 2..-7 &
year In 2006 Annual frequency of inundation of St. Mark's Square in Venice, Italy (grfp_h prepared based on the Economics of Climate Change by ?tgrn Review.)
25 S 77 g
The corridor of Itsukushima Shrine in Hiroshima was inundated iz I
in water less than five times a year in the 1990s. It was flooded o L Annual frequency of inundation of
1 i the corridor of Itsukushima Shrine in
a_tbout ten tlm_es ayearin _the _20_003. The frequency was 22 S b I%I o Hirocnims (ranh mrenared by the
times a year in 2006 and is still increasing. o 2?5099 0.9, Chugoku Regional Development
239 5 §¥§ 9T L L5 TS 2N ITLY Bureau based on a diary of
29 % 9 99 3% 9 % 339 9 S g 8 g & ItsukushimaShrine.)
\_ J

P Increases of below-sea-level areas in three large bay areas (Tokyo Bay, Ise Bay and Osaka Bay) )

; - . * i
Ashiya City to Osaka City Kawagoemachi to Tohkai City Yokohoma City to Chiba City T,fsp;(;eodn ?,Z;hni\?gﬁ E;r;_iie
: - - - digital information.

*Shown are the areas at
elevations lower than sea level
shown in a three-dimensional
mesh (1 km x 1 km). Total
area and population are based
on three-dimensional data.

*No areas of surfaces of rivers
or lakes are included.

*A premium of 60% is applied to
the potential flood risk area

Areas with flood risks due to
high tides will increase.

Rate of - 7
Aft level o g "
Present er sea level rise increase i and to the population
A < . 2 i — vulnerable to flood risk in the
Area (km?) 577 879 " _.~Qsaka Bay’ B Ise Bay i I 2 Tokyo Bay case with a one-meter rise of
P Bt o | Y % sea level.

Population (in tens of 404 593

thousands of people)

J




Present

SR

Retreat of
the beach
due to sea
level rise

~—

Further
retreat of
the beach
due to sea
level rise -

Sea level rise (m) 0.3 0.65 1
Average distance

of beach retreat 30.55 654 101.04
Percentage of 56.6 817 903

eroded area

Prepared by the River Bureau based on the "Assessment of impacts of sea level rise on sandy beaches"

Coastal erosion in the Majuro Atoll of the Marshall Islands
(Masaaki Nakajima, May 2001)

Source: Japan Center for Climate Change Actions

With sea level rise, the beach tries to achieve a stable gradient,
so the shoreline retreats by a margin larger than the sea level
rise.

With a one-meter rise of sea level, beach retreats by about 100
m. About 90% of beaches in Japan are vulnerable to erosion.




Climate change adaptation measures (against water-related disasters)

4 N\
Climate change due to global warming is expected to induce the following phenomena in coastal and low-lying areas.

-More frequent heavy rains and more intense typhoons
Frequent and serious flood and sediment disasters
-Sea level rise and more intense typhoons
Frequent and serious high tides and coastal erosions
-Wider range of variation of rainfall intensity and change of river flow regime

Frequent and serious droughts

Combining CO, reduction measures (mitigation measures) with global warming control measures (adaptation measures)
is important to further reduction of the risks of climate change.

—

U

o Basic direction of climate change adaptation measures

1. Adaptation measures to achieve "zero victims" should be considered because providing full protection from disasters is
difficult.

2. In a nerve center like the Tokyo metropolitan area, intensive efforts should be made such as preventing the central
government from ceasing functioning to minimize the damage.

U

[o To provide protection from frequent floods expected to be caused by climate change due to global warming, flood }

)
[ —

control policy should include measures in the basin partially allowing inundation in addition to conventional flood
control measures.




Image of adaptation measures in future

6. Japan's response to
climate change

Red figures indicate present degree
of safety against flood.

Blue figures indicate future
degree of safety against flood.

Future For example, after 100 years |

Present
|
|
T
1/150 =@ i - ok oo
Degree of
safety against egree of safety against
flood lood presently aimed a
presently ould deteriorate wit
aimed at future increase of
precipitation.

1/70

Degree of
safety against
flood
presently
secured

Degree of safety
against flood

Deterioration of the

comprehensive flood control etc

Reconfiguration of
river improvement
for increasing
external force

. degree of safety against

- flood currently secured ,

=

safety against

<l flood secured [

e ——

Adaptation by
Structural measures

Degree of

—

(i) Adaptation measures based on regional development
through such actions as restrictions on and review of land use
(ii) Adaptation measures centering around risk management



Process of effective and efficient adaptation program

Review of past flood

.

Runoff analysis and flood analysis

.

Categorize flooding pattern in
each category

i

Calculate damage and effect

:

Consider effective and efficient
adaptation measures

-1 Categgrize floeding- patgin}

River
etc

Segmentalize flooding
patterns of

-2Devide flooding patterns into
blocks by land features and riv

Ex. Prediction of victims

Index of potential
victims =

SysIy Buisealou

Description of disaster risk

v

bank strengthening
‘ &

@ disaster prevention
station

Index of potential
victims

New road
embankment

sysiy Buiseasou|

drainage pump

il

into Risk Map by blocks

Irmation errectivenes

‘\
Consider effective and efficieén

adaptation measures




Adaptation by using structural method

6. Japan's response to
climate change

Improvement of the credibility of structure, effective and multipurpose and long-life utilization of existing structure

Improvement structure

International g Tl - ¥ Multipurpose ret
Stadium Yokohama of Tsurum
Final game of the =
World Cup was held
in 2002

Overflow
levee

‘ i g - “6’ v

Bl

Multipurpose retarding basin
of Tsurumi River

River improvement of
flood control Dam Tsurumi river

improvement of the
credibility of structure
ex Coastal protection

Before

aging revetment
by deteriorated concrete

Rehabilitation of aging revetment
by setting up anterior wall




(i) Adaptation measures based on regional development through such actions as restrictions 6. Japan's response to
and review of land use climate change

Response to floods that cannot be dealt with by facility-based measures, through land use or community development allowing inundation.

Shift to land use or ways of living that minimize damage

circle levee River improvement of continuous levee
o

)) RN 7 WL

River improvement for
protection of specified areas by
using circle levees

»

| Designation of potential
disaster hazard area

I Restrictions on land use by designating potential disaster hazard areas || _| Shift to community planning resistant to inundation

N
5
i

+ 4m :

N P + 55m

100

4
%/
:
1 by .
0 ‘2
'R 1 NP+
) 2m NP+ 35m
+1m _ |1 '
0 o
;
Qﬂi

Class 1 disaster J§
hazard area

o Adopting pilotis to prevent damage to buildings during a flood




(i) Adaptation measures centering around risk management

6. Japan's response to
climate change

Building of a wide-area disaster prevention network that connects
™ embankments, roads on the dry river bed for emergency traffic and
elevated roads to wide-area disaster prevention bases.
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! /|Network of roads and river embankments|

Inundation of Route 34 during a
flood in July 1990

Image of road-embankment connection

Reinforcement of actions in the initial stages of a
disaster for minimizing damage and restoring M
infrastructure early, and enhancement of an
organizational setup to achieve the goal

Technical Emergency Control Force (TEC-FORCE)

TEC-FORCE

Organizational setup

‘ Staff of Regional Development Bureaus and Offices

Field support center |

Engineers of National Institute for Land and

Infrastructure Management and Public Works Research
Wide-area infrastructure force Institute
(rivers, roads, sediment control,

ports, etc.)

Sewerage system force

{ |
—[ Technical support group (engineers) ]

- || Private sector construction organizations
(operators of equipment)

Building land force | Coordination

Staff of local public entities J

!

Buildings force

Activities

-Investigation of damage

-Quick fix

-Prediction of degree of
damage risk

-Planning of control
measures

-High-level technical
guidance ;

-Assistance in o /
reconstruction

Sy,

Disaster control helicopter




Adaptation measures based on risk management

6. Japan's response to

climate change

Share preliminary information concerning the degree of flood risk

Water levels in built-up areas in the past floods are indicated on the hazard map.

Information
dissemination

‘ Flood hazard map of xx City —'
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Locations and
names of shelters

' Points of contact
-Administrative
organizations
-Medical
institutions
-Lifeline systems

/ management

organizations

Toyooka City, Hyogo Prefecture’

Flood Embankment Shelter (building)

L
Hints on escape and
necessities

Potential inundation
areas and depths of
inundation

Image of a flood hazard map

Easily recognizable signs




Adaptation measures based on risk management

Share real-time information

Provision of rainfall amounts and water levels real-time via cellular phone, the Internet or local disaster prevention radio

Flood forecasting through real-time simulation

Rainfall measurement station

Radar observation station
@
Rainfall =

measurement station

Gauging
station

oooo
oooo

Flood (water level)
prediction system

Ll o
(|

River office

Meteorological
observatory

- - i Delivery of an image to a
Information provision via TV screen

cellular phone or personal

computer

S [ ey

- —

Floodwater prediction through real-time simulation




Strategies for adaptation measures

Prioritized investment to disaster prevention
v'Investment prioritize areas related to disaster prevention for limitation of available capacity

Clarification of priority and Planning of road map
v'Drawing up short-term, middle-term, long-term policy by [selection and concentration] as meaning

of clarification of prioritized policy.
v'Planning the road map by assessment of disaster risk every term.

Adoption adaptive approach Adaptive Approach
v'Adopting adaptive approach of revising road map in || Revising adaptation measures by analysis of [
response to future observation and cumulative food prediction by monitong changes ot cimate | | 7| e
know|edge change and social condition. @ by adaptation
: A
New teChnlcaI deVEIOpment and Monitoring Monitoring ; Monitoring angm‘ﬁng] range o
. . prediction
contribution to the world m f
v’ Contributing to the world by transferring of new 8 .....

. . . Range of
technology and Japanese expertise, policy, % -~~".A_}pred?cnon
tECh nOIOgy G Drawing up }pr«;:g?cilga

|| e | P @i wm
. . -— . >
Part|C|patory approach
v Participatory approach is necessity. Informing to be Adaptation || Adaptation | Adaptation

>

understood easily to citizens.
Past Now Future




