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1. Keynote Lecture
“Impacts and Responses of Climate Change”
-New Challenge for Infrastructure Management-

Dr. Nobuo MIMURA
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1. Trend of Natural Disasters in Asia

Occurring Impacts

2003 European heat wave
Excess deaths in France
(14,802), U.K.(2,045) etc.

2004 Typhoon damages in
Japan

2005 Hurricane Katrina
Losses of US$96 billion.

2007 Heat waves and bushfires
in Greece

2010 Floods in Pakistan,
Japan’s historical hot




Present Impacts: Increasing Disasters

* Increase in weather-related *Flood
: Storm
disasters ®Earthquake/tsunami, volcanic eruption

B0thers (Heat wave, cold wave, forest fire)

16

l Great Natural Disasters 1950 — 2005
(Munich Re, 2006)

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Global trend of natural disasters, 1960 to 2004

(PWRI, 2005)
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Regional Distribution of Damages, 1975 to 2005

Oceania  Africa Cceania Afri
— rca

Burope 037%  / 724%  Avericas  Europe 1.96% :
057% = " 205% 16.59% ot 0%
~ Americas
Asia Asia
88.87% 44.00%
Affected people Economic damages
Types of natural disasters in Asia in 2005
(ADRC, 2006)
Drought Earthquake o
Wind storm 9 0 8.0% Epidemic
24 6% | 6.3%
Extreme
Wild fire_ - temp
2.3% J3.4%
Volcano
0.6%
Slide ;
4.6% Flood |

47 4%
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Estimated Typhoon Parameters

Lowest Center Pressure Maximum Wind Velocity

“ Lowest Cent.
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. Asia and the Pacific

Population Growth in Asia

e West Asia
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Relative vulnerability of coastal deltas by sea-level trends
to 2050 (extreme >1 million; high 1 million to 50,000;
medium 50,000 to 5,000)

Sao Francisco

® High
= Medium

2. Future Prediction of Climate Change
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2.1 Scientific Assessment of Global Warming
IPCC’s Role

® Intergovernmental Panel on Climate Change (IPCC)

Jointly established by WMO and UNEP in 1988
IPCC's role is assessment of the latest scientific understanding.

® |IPCC Assessment Reports

1990 First Report

1995 Second Report

2001 Third Report (TAR)
2007 Fourth Report (AR4)
2014 Fifth Report (AR5)

® Working Groups(WG)

WG1 The Physical Science Basis
WG2 Impacts, Adaptation and Vulnerability
WG3 Mitigation of Climate Change
Synthesis Report

15

Flow of Scientific Knowledge

Provision of
Policy-relevant
Info

Negotiations

—————————— > UN, COP Meetings

Scientific ﬁ
Assessment

IPCC

—

S — >
i 17
Earth International
Observation | __,| Programmes
GEOSS ESSP
WCRP, IGBP,
IHDP, DIVERSITS
START, APN

Countries

—

Universities
Research Institutes
Gov Agencies
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SYNTHESIS REPORT SynthESIS
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CLIMATE CHANGE 2007
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Long-term Trend of Northern Hemisphere Temperature

NoRTHERN HEMISPHERE TEMPERATURE RECONSTRUCTIONS
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2.3 Prediction of Climate Change

Modeling Climate System

Composition, Circulation

Changes in the Atmosphere:

l

,0, CO,, CH,, N,O
Aerosols

\

Volcanic Activity
>

0, etc.

Atmosphere
N, O, Ar,

Precipitation
Evaporation

Land Surface

es In the Cryosphere:

Cha

Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes in/on the Land Surface:

Orography, Land Use, Vegetation, Ecosystems

Circulation, Sea Level, Biogeochemistry

(IPCC WGI AR4, 2007)

GCM and Regional Model (Nesting)
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Earth Simulator

WEYSaL—5 Earth Simulator
HEU/—K (320M#)  EEARy MO—2 (E5EH) HEERR 10T 10TB Main Memory
Processor Node Cabinets Interconnection Network Cabinets N—EF1 1o Disk Unit
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Overall Comparison of Observed and Modeled Temp
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Scenario-based Approach for Climate Prediction

Future emissions of Green House Gases are estimated based on
scenarios for future societies. Six scenarios (SRES scenarios)
were used for climate prediction.

SRES Scenarios

Economic

Global Regional




Climate change projection given by IPCC’s
Fourth Assessment Report (AR4)

MuLti-MobpeL AVERAGES AND ASSESSED RANGES FOR SURFACE WARMING
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2.4 Overall Impacts of Climate Change

Water cycle Agriculture
Water resource Food supply

Climate change

variability U reoeye [

nergy, Industr

Extreme events

Coasts Insurance
Ocean Finance

Changes in Run-off

Projections and model consistency of relative changes in runoff by the end of the 21% century
| | | | |
| £ o reed
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Overall Impacts Shown in AR4

Increased water availability in moist tropics and high |atitudes’
Decreasing water availability and increasing drought in mid-latitudes and semi-arid low |atitudes £

I

WATER
. I a Additional people
0.4 to 1.7 billion S 1.0 to 2.0 billion 1.1 to 3.2 billion" with i
' water stress
Increasing amphibian About 20 fo 30% species at inc- Major extinctions around the globe
extinction 4 reasingly high risk of extinction 4
ECOSYSTEMS [Increased coral bl aachingr’ Most corals bleached © Widespread coral lrlortaliuq-6
T .8
. . . 7 Terrestrial biosphere tends toward a net carbon source, as:
Increasing species range shifts and wildfire risk ~15% —40% of acosystems affectetl
Low |atitudes
Crop Decreases for some cereals E All cereals decrease
FOOD pmdut.tivit;’r
Increases for some cereals® Decreases in some mglunsg

Mid to high latitudes

Increased damage from floods and storms'?

COAST About 30% loss

of coastal wetlands 17

|

?:mwahng eaa-:;;:;f 0to 3 million 12 2 to 15 million 12

Increasing burden from malnutrition, diarrhoeal, cardic=respiratory and infectious diseases' *

il

HEALTH Increased morbidity and mortality from heatwaves, floods and droughts 14
Changed distribution of some disease vectors 17 ;} Substantial burden on health services?®
Local retreat of ice in Leng term commitment to several Leading to reconfiguration
Greenland and West metres of sea-|evel rise due to ice of coastlines world wide and
SINGULAR Antarctic 17 sheet loss 17 inundation of low-ying areas!®
EVENTS

Ecosystem changes due to weakening of the meridional overturning eirculation®

0 1 2 3 4 5°C
Global mean annual temperature change relative to 1980=1999 (°C)

(IPCC AR4, 2007)

Major Findings of AR4

* Major impacts are likely to occur in water resources,
ecosystem, food supply, coastal areas, human health and
settlement. Impacts would vary with regions which have
different changes and adaptive capacity.

* All regions may have negative economic consequences if
global average temperature increase over 2 to 3 degree C.

 Climate change could impede nations’ abilities to achieve
sustainable development pathways.

* A portfolio of adaptation and mitigation measures can
diminish the risks associated with climate change.
- Mitigation to avoid “unmanageable”

- Adaptation to prepare “quvoidable” 32




3. Coastal Impacts in the Asia and
Pacific Region

Typical Coastal Impacts

1. Coastal erosion
- Sandy beaches
- Mangrove coasts
2. Inundation and flooding
- Flood due to storm surges

3. Salt water intrusion to aquifers and rivers

143~




3.1 Coastal Erosion

. Loss of Sediment supply from
rivers

. Changes in relative sea level
- Sea-level rise

- Land subsidence Wave action
. Inappropriate coastal structures

. Loss of natural protection such
as mangroves and coral reefs

Longshore /
J K Sediment Transport .
4:_:’//

=7 Deposition

Erosion

Erosion of sandy beaches due to SLR

Shoreline Ay
Retreat ™

- . llllllnlilr #

Topography after
Sea-level Rise

Present Topography
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Erosion of
Japanese coasts

> Japan lost about 100km? of
sandy beaches for the past
100years.

» Heavy measures against
erosion.

» Will the national land be
covered by concrete walls?

100 | :

Area of Erosion (%)
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Satellite image around river mouth of Chaophraya
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Erosion at the
front
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Combining Traditional Wisdom and Technology
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beach  Mangroves Reef

Natural protection
+ Appropriate modern technology
+ Maintenance of community
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What should we do against coastal erosion?

1. Maintain the sediment flow from mountains to the
coasts.

2. Maintain the sediment transport along the coast. We
need a careful planning and design for coastal
structures so that they will not obstacle the flow of
sediment.

3. Preserve natural protection as much as possible, such
as sandy beaches, mangroves, wetlands, and coral
reefs.

4. Apply well-designed structures.

- Area affected by Storm Surge 3 2 I d t.

I:l Occassionally affected by cyclones - n u n a I O n
[ ] rarely affected by cyclones d FI d 5

—= Cyclone Paths an O O I n g

by Storm
Surges

Tropical Cyclones in
Bangladesh




History of Cyclone Damages

Date Max Wind Max Wind Storm surge | Casualties
(m/s) Radius (km) (m) (people)

30 Oct 1960 57.5 74 4.57-69.10 5,179
9 May 1961 40.8 64 2.44-3.05 11,468
28 May 1963 55.6 74 4.27-5.18 11,520
11 May 1965 58.1 74 3.66 19,279
31 May 1965 44.7 64 6.10-7.62 12,000
23 Oct 1966 40.3 64 6-6.67 850
12 Nov 1970 61.7 74 6.10-9.14 500,000
24 Nov 1974 44.7 64 2.8-5.2 200
9 Nov 1983 33.3 64 3.05-4.57 11,0697
25 May 1985 42.5 64 3.05-4.57 11,0697
29 Nov 1988 44.4 64 1.52-3.05 5708
29 Apr 1991 62.5 74 6.10-7.62 138,000
25 Nov 1995 58.3 74 - 650
19 May 1997 55.6 74 4.6 126
26 May 1997 41.7 74 3.0 70
16 May 1998 45.8 74 1.83-2.44

Countermeasures in Bangladesh

Combination of hard structures and soft measures

Hard Structure

- Cyclone shelters: High buildings

- Evacuation roads to shelters

- Coastal dykes

- Aforestation of coastal forests

- Raising ground (Killa) for livestock

Soft Measures
- Disaster prevention Plan
- Early warning for cyclones
(Radar system for cyclone observation)
- Peoples awareness raising and education
- Workshops in communities (para)
- Evacuation practices
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Combining Early Warning and Hard Measures

Cyclone Shelter (Chittagong Port City )

(5

Evacuation Road to a Cyclone Shelter
(South-west coastal region of Bangladesh )




Coastal Aforestation
(Cox’s Bazar Beach in the south-east costal region )

i

]

s i S
P . S :h.‘l‘kl..\...t-‘..‘,y,.*—.y.

Risk and Countermeasures in the A/P region

* Population of the region will nearly double at the end of
the 21st century.
v 3.7 billion in 2000 to 7.4 billion in 2100

 Increased population concentrate to the coastal areas.
Poor migrants will live in unsafe, unsanitary low-lying areas.

* The problem is how to ensure the safety and security for
the several thousands of millions people.
v' Regulation of unmanaged urban growth
v' Long-term urban planning and disaster prevention
plans

» Sustainable economic growth is needed to achieve these

olicies.
p 56
~154-




Japan’s Comprehensive Policy

against Natural Disasters

Basic Strategy

O Combining soft and hard measures

O Introduction of multiple measures to grade up
the social preparedness as early as possible

O Re-construction of communities’ resilience and
preparedness

Policy

@ Introduction of flexible measures to respond to the
recent trends of increasing natural disasters, including
land use planning and facility operation.

(@ Strengthening the risk management function of local
governments.

@ Provision of relevant information for evacuation.

@ Raising peoples awareness through dissimilation of the
past experience and new knowledge on natural
disasters.

(® Re-construction of communities’ preparedness through
education, practices, advertisement etc.

- combination of self-, mutual- and public supports
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Information Infrastructure
-Hazard Map and Evacuation Practices




4. Response to Climate Change

Responses to Climate Change

Mitigation : Reduce GHGs emission

Adaptation: Adjustment of natural and human
systems to cope with warmer world

Role of adaptation
A portfolio of adaptation and mitigation is the only way to
diminish the risks associated with climate change.
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Global CO, Emission and Kyoto Protocol

Without Targets of

Kyoto Protocol

71%

Others

With Targets of

S o Kyoto Protocol

s \ 29%
Russia | M
\
\
\
|
/

63

4%

15

B

=

Wnrld S0> smsmons 5L S
b

=

b

Stabilization Pathways

Historical emisslons

Slabilis3ton levals !

- 130 /
- 710555 ;
- 0 g
-

1 45013 e
- 3480

= = [l-3HES ae rqu

TH0 18 1D B0 1B 1WD AW AW XN ;

40 D X6 A

20504

Yex

YE0 200 20

-158-

Equhtrium globel mean f mparature Increase

above preindustrial | C)

_

2000 40 M0 6@ W M0 M0

100

O e sl el g 00,4

(IPCC WGIII AR4 SPM)




Estimate to Achieve the Goal of 50% Reduction in 2050
(IEA(2008) Energy Technology Perspectives 2008)
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Climate Change Adaptation

2
E |
‘E i
a
g .
= |
o 1 i
| 1
| |
| i
|
|
I &
Stationary climate : Changing climate
: : -
Past Present : Future
: - .I
[ Imiplement adaptation
: MEasures
| e
Flanning time horizon
- Coping range plus
oo | [ | 2,
Concept of Coastal Adaptation
Retreat Move from dangerous areas
Development regulation for disaster-prone coastal areas
Land use planning
Evacuation from highly vulnerable coastal areas
Immigration
Accommo Change use and living patterns
] Changes of land use patterns
dation Protection of mangroves
Disaster insurance
Protection Protect societies from risks

Protection by hard structural measures
- Dikes, seawalls, floodgates
- Anti-erosion measures
- Water resource management
Protection by soft technologies
- Anti-erosion measures
- Conservation of coastal ecosystems
- Early-warning systems
- Evacuation practices
- Awareness raising
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The Netherlands’ Policy

waterdiepte na overstroming
i
b

bawaliings diehthuid [prsoneniking)
N o-m

Ministerie van Verkeer en Waterstaat
26 June 2009

Ministerie van Verkeer en Waterstaat
2 26 June 2009




2. Urban Planning: Preparedness

Ministerie van Verkeer en Waterstaat
26 June 2009

3. Risk Management: Reduce damages

Flood fighting Evacuation

Ministerie van Verkeer en Waterstaat
4 26 June 2009




Utilize Favorable Conditions

Grape cultivation
for wine in the
South Island, NZ

Current

climate

Mean annual temperature

Needed Adaptive Capacity (Resilience)

Resources

Financial and infrastructures

Human resources

Human power

Knowledge Basic scientific knowledge, and people’s
understanding

Access to Personal and aggregate capacity to approach

information to the scientific information

Technology Basic and applied technologies

Social institution

Variety of social organizations to support
safety net

Community Social group for mutual support
Ability of Risk Social ability to handle potential risks
management
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5. Wise Adaptation and Relation with
Sustainability

Wise Adaptation

 How to plan adaptation under uncertainties in
climate projection, effects of mitigation, social
changes etc?

 Introduce effective, efficient, flexible adaptation.

« Short-term and long-term planning

1) Short-term adaptation “real time adaptation”
- respond to occurring climatic extremes
- monitoring/early warning e.g. new radar system
- evacuation

2) Long-term adaptation “adaptive adaptation”
- flexible adjustment of adaptation planning

~164-
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Elements of Wise Adaptation

Impact/vulnerability assessment at local level

. Monitoring/early warning

Soft options first, then hard options

Incorporate CC adaptation to renewal cycle
of infrastructure

Co-benefit approaches for mitigation and adaptation

6.

Collaboration of ministries

7.

Participation of stakeholders and capacity building

+ etc

Climate Change Adaptation
In Green Innovation

* In 2090, the Japan’s Prime Minister declared 25% reduction of
GHG emission by 2020 in the UN General Assembly to call for
collaborative efforts of many countries.

* In 2010, the Japanese Government set New Economic Growth
Strategy to respond to the three major constraints.

1) climate change

2) aging society

3) economic growth

* Major targets include;
1) Green innovation towards a low carbon society
2) Life innovation for active aging society
and others

This means that green innovation becomes a major driver for the
new economic growth. ~165- 78




Climate Change Adaptation
In Green Innovation

« Green Innovation consists of mitigation and adaptation
as two pillars.

» Changes in perception for climate change countermeasures
- turning “passive” to “active”
1) to avoid adverse impacts
2) to promote new social values
- opportunity to transform to a safer society with high
QOL
- opportunity to solve other problems
- opportunity for new business for low-carbon and
CC adaptive society

79

<Large Cities>

Public Transport
Efficient Energy Use
Potential flood risk
Heat island |
Aglr g somety

' 'ial Experiment for L'::
Adaptation Cities
A Way of Ieammg by domg

al Cities> i

Compact city Local
Co-benefit of mitigation and production/consumption of
Adaptation - food and energy

. Conservatt
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Adaptation and Sustainability
Some Key Issues (1)

1. As developing countries are already vulnerable to the
present climatic conditions, win-win approach is
effective to developing countries.

* “Win-win” means to be effective both to the present
vulnerability and future impacts.
Increase of their responsive ability to the current
disasters will also strengthen their preparedness and
resilience to the impacts of future climate change.

Key Issues on Adaptation (2)

2. The success of adaptation depends on the adaptive

capacity (i.e. resilience) of each country and local
community.

 Enhancing adaptive capacity to the current climate
variability and future climate change is one of the
most important goals of an adaptation policy.

* From this viewpoint, it is also important to utilize and
enhance the local and indigenous knowledge.
It is a major challenge to incorporate the traditional
knowledge and technologies in modern science and
technology.
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Key Issues on Adaptation (3)

3. Human security and sustainable development

Adaptation to improve society’s resilience to
climate change and human security also constitutes
an important policy towards achieving sustainable

development.

Adaptation is not a single policy, but a comprehensive
approach to development policies, such as poverty
reduction, agricultural development, water resources
management and disaster prevention. (Mainstreaming
adaptation)

Key Issues on Adaptation (4)

. The real world is under multiple stresses.

Global warming is not the only constraint to the

society. Human society also faces other problems.

e.g. environmental pollution, loss of biodiversity,
changes in land use due to economic development,
population growth and economic globalization.

As adaptation to climate change has co-benefits to
other stresses, it will be a measure to ensure the safer
societies and healthy basis for future development. In
this sense, adaptation is a major component of the
policy toward sustainable development.
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Summary

. The Asia and Pacific region is already vulnerable to the present
natural disasters and climatic conditions.

. Climate change and sea-level rise will cause more threats on
the growing population and economic development in the
region.

. Natural disasters, water resources, food security and human
health will be a major threats to the region. Adaptation to these
issues needs a long lead time.

. Adaptation is a major response to climate change. Adaptation
should be incorporated to the development policies. In this
sense, adaptation is a component of sustainable development.




Appendix

New Japanese Initiative: Comprehensive
Assessment and Adaptation S-4 and S-8

S-4 Comprehensive Assessment of Climate Change Impacts
to Determine the Dangerous Level of Global Warming
and Appropriate Stabilization Target of Atmospheric GHG Concentration

SUMMARY OF RESEARCH RESULTS

Project Team for Comprehensive Projection
of Climate Change Impacts
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- Distribution of damages

« Damage costs for different emission pathways
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Comprehensive Assessment in Japan
Changes in Frequency of Heavy Rain Events (>50mm/hr)

Freguency
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Distribution of Disaster Risks

Changes in Precipitation In Increased land slide
2030 probability in 2050
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High Temperature Injury
of Ripening in Rice

Mandarin orange
could suffer from
High Temperature
and Water Shortage
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Northward Migration
of Tiger Mosquito
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Flood Risk
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Difference in Damage Costs in 215t C
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-2. Lecture

“Introduction to ICHARM and its
Regional Cooperation activities on
water-related disaster management

- In partnership with ADB”

Mr. Katsuhito MIYAKE
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Introduction to ICHARM and its Regional
Cooperation activities
on water-related disaster management
- in partnership with ADB

Katsuhito Miyake
Team Leader,
Disaster Prevention Research Team,

International Centre for Water Hazard and Risk Management
under the auspices of UNESCO (ICHARM)

19t International Meeting on Public Works Research and Development
17 November 2010

€ 'Gianm

Introduction to ICHARM and
Its typical activities

€ 'Ganm
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450 2009 Global 1sing water-related disaster events
Assessment Report
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International Centre for
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ICHARM Objective

International Centre for Water Hazard and Risk Management
Since 6 March 2006

e To be the global Center of Excellence to
provide and assist implementation of the
best practicable strategies to localities,
nations, regions and the world to manage
the risk of water related hazards including
floods, droughts, land slides, debris flows
and water contamination.

» At the first stage the priority is on flood-related
disasters

€ 'ianm

Director of ICHARM
Dr. Kuniyoshi TAKEUCHI

Profile of Dr. Takeuchi

e 1968 MS in Civil Engineering from University of Tokyo, Japan

e 1972 Ph.D in Ciyt and Regional Planning from University of
North Carolina at Chapel Hil,USA

e 1982 Dr. Eng. in Civil Engineering from University of Tokyo,
Japan

e 1982 Professor in Faculty of Engineering, University of
Yamanashi, Japan

e 2003 Professor in Interdisciplinary Graduate School of
Medical and Engineering, University of Yamanashi, Japan

e 2006 Director, ICHARM

e 1998--2000 Chairman of the Inter-Governmental Council of
UNESCO International Hydrological Programme (IHP)
e 1998--2000 Deputy President of International Water

Resources Assaciation (IWRA)

e 2005 President of International Association of Hydrological —
Sciences (IAHS) ((‘ ICHARM

e 2000-- Chairman of Japan National Committee for the & 6
UNESCO International Hydrological Programme (IHP)
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(Oct. 2010)

B
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Research activities by ICHARM

€ 'ianm

Research activities by ICHARM

Satellite—based rainfall application
& IFAS (Integrated Flood Analysis System)

€ (cianm
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Integrated Flood Analysis System IFAS

Toolkit to implement “Global Flood Alert System (GFAS) — Streamflow”

Global observation of rainfall b “A Satelite-based

by earth observation satellites e Time Topographic data Other GIS data for runoff mode

(Land use, soil, etc.)

o N
W -
N e o » ¥y e
-~ - e - - ———
\\= é R Ex.) IFNet-GFAS, NASA -
\\\\ r 3B42RT, JAXA-GSMaP Data download through
i r Internet, free of charge

IFA S(A basis for flood forecasting/warni
Real-time input: Satellite & ground rainf:
GIS data input for setting parameters

| : GIS analysis to build runoff model

) IF4% Runoff analysis and flood simulation
User-friendly interfaces for output

Currentsituation
Despite of the needs for flood forecasting/warning,
No rainfall, GIS data, nor analytical tools
3 Required much money & time for implementatiol

After the application of IFAS:

Prompt & efficient implementation

No need to develop original core system

Step-by-step improvement of accuracy with
hydrological observational network

-
HARM

Parameter estimation using global GIS data

GIS data Parameter Relation between land-use classification and parameters

I Parameter
Land use, Land cover Land use classification
—

e classification

’ .i. R |:> Roughness Broadleaf Evergreen Forest 1
Surface permeability Broadleaf Deciduous Forest
Needleleaf Evergreen Forest
\Needleleaf Deciduous Forest

Soil permeability /\ Mixed Forest

Soil thickness

Tree Open
Shrub
Herbaceous

|:> Herbaceous with Sparse Tree/Shrub
Rock permeability Sparse vegetation

Cropland
Paddy field
Cropland / Other Vegetation Mosaic

Mangrove

Parameter Setting Wetland

/\‘B\are area,consolidated(gravel,rock)
)are area,unconsolidated (sand)

< Urban

| Snow / Ice

The parameter values of each classi

ficati D
at basins which can obtain hydrologi@tta Hefgrernanidid

g (Ndv e lwlw w|w|[dN NN (R( PR

R

GIS analysis function
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Interface display

Main display Edit display of rainfall data Setting display of parameter

il o
q /’h
Calculation result (Hydro) Calculation (Plane view) Plane view on Google Map
- = ¥ — 1 ———

Development of local ownership
........................... of flood forecasts
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Seishi

Nowcasts by IFAS Nabesaka

; - e T IFAS modeling schematics
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2010 Pakistan Flood in Kabur River Basin s

Subsurface flow
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/>\ interaction

Two dimensional
(diffusion wave)

~184-



Comparison between satellite-based inundation extent and
inundation simulations with a ICHARM'’s Rainfall-Runoff-
Inundation (RRI) Model for Pakistan flood, August 2010

Subsurface flow Slope - River Runoff-inundation simulation can interpolate
(Unsaturated, Saturated _"linteraction el f i i
< N missing satellite-based information on flood

N Y\

inundation area

caused by flash flood.

(diffusion wave)

Research activities by ICHARM

Automatic river flow & sediment discharge observation
using non-—contact current meter and unmaned-boat-
mounted ADCP

(In cooperation with MLIT & NILIM)

CCcnn
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Development of automatic flood/sediment discharge observation system
Purpose 2009-2011

ICAHRM and NILIM have jointly started a research project since May 2008 for the enhancement
of water/sediment discharge observation technology. The final target of the project is to provide
a practical technique for automatic flood flow/sediment-discharge observation system.

Automatic observation system
e water discharge measurement system e sediment discharge measurement system

M et 1
B rET Sl

The system is planned to be composed of

1) flood flow observation with non-contact current meter

2) river-bed observation with echo sounder installed in river flow with oblique angle
3) water surface slope measurement with water—level gauge

4) river-bed and bed load discharge observation with a H-ADCP

For verification purposes, cross sectiona
measurement with an Acoustic Doppler Current
Profiler(ADCP) is conducted during flooding

Development of tethered ADCP platform Field observation for boat test

e : : We carried out field observations and proposed a
For verification of the automatic observation structure of the tethered ADCP platform for high—

system, we have to esta_.bllsh cmeastliing speed-flow measurements from a viewpoint of safety
method for flood flow using a tethered ADCP. and measurement accuracy improvement.

i ~puch

b —

50 100 50 200 250 00 %0 4

I - -

Pitch/Roll(deg)

-

Roll/pitch of the
\ boat and the

. .
B
H
00 50 100 150 200 250 30 B0 4of 00 S0 o ss0 a0 o500 R0 400 |
x " i i B Bh
; by, T
i

| _ data acquisition
i .'::':mm:/ il Hé W b ratesk
ICHARM

The tethered ADCP platform is expected to expand possibility of ADCP measurementsWe_,i
variety of flooding condition with high flow and suspended objects/sediments of steep 20
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Research Activities
Risk Factor Analysis Series

T e P -
Reports published T ICHAR M e

° BangladeSh e JCHARM - Dhoxumersis Autivibbes Related Indc
* Sri Lanka P ——

Documerta

* The Philippines Actscn s Repart
e Hatiya Island, Bangladesh

Fublicatloss
Classats
Leafber

Reports to be published S— ;;.,‘::‘:,,“:.'.:;":,'::.,“:,..,...m

* Honduras e B
. iliobi e
Infanta, the Philippines - R

o '
~
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ICHARM'’s Factor Analysis of disasters
Bangladesh Flood case in 1998
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mitigation
[ Activities ]

(1) investigation on the possible
measures of comprehensive
tsunami disaster prevention
based on the potential
tsunami hazard and the
existing land use in the target
area;

assessment and development
of education materials on
comprehensive tsunami
disaster prevention

study on the potential
implementation of coastal
vegetation as a tsunami
barrier; and

development of guideline for
planning and design of
tsunami mitigative coastal
vegetation belt.

Research on sustainable measures for tsunami damage

[ Output ]

Research on practical application of local experience on disaster
management

Collection of local traditions

legends, technigues in
Japan and other countries

i Cur Misskon
[T ———

[ ey

4

Debris flow breaker

Study on rationality of
collected knowledge
compilation of knowledge

« Similarities (time, climate,
topography, materials, social
conditions, ideas, etc.)

« Validation from scientific
viewpoint

AR & b rrvw s Pu Cormw of Cncrlloros o orowiche aed saai] Fipiormerission of
T T L T e

[provide best practices and assist implementation]

Stone Monuments, local

history book, local legends, etc.

Preparation of draft GL
peer review by selected
country experts

T

GL/handbook compilation
on local DM experience

i
]

Sharing knowledge through
PWRI publication, wikipedia,
etc.

was M

-
Mattress made of treew
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Capacity building at ICHARM

€ (Ganm

Ongoing Training/academic Courses at ICHARM

Under JICA’s Technical Cooperation Project

Local Emergency Operation Plan with Flood Hazard Maps (2009,
2010 and 2010)

Short-term

Capacity Development for Adaptation to Climate Change in
Asia- Climate Change Analysis: 5 weeks (in 2011)

Short-term

Water-related Risk Management Course
(Disaster Management Policy Program with GRIPS)
One-year Master’s degree course launched in 2008

Long-term

Short-term | Follow-up seminars on Flood Hazard Mapping ‘

Long-term | Ph, D degree Course Three-year course launched in 2010

Ad-hoc Trainings

€ (Ganm

Short-term training courses on IFAS
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Flood Hazard Mapping exercises
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Master’'s degree course

e Partners
* ICHARM - Teaching, supervision and assessment
* GRIPS - Degree awarding institution
» JICA — Provides financial sponsorship

e Duration — One year (October —September)

e Modes of teaching
* Lectures
» Assignments (Tutorials)
* Field visits
* Individual studies leading to a thesis
e Successful candidates are awarded the degree of

Master of Disaster Management by the National
Graduate Institute for Policy Studies (GRIPS)}\r—\

ICHARM

[Distribution of Alumni] U N T
Yo ’ R L --I'T .-—?:'l:
- Py B
\I f
\‘%_‘ .
B, f W
N B LN .."‘-;-‘;’-n_-._
Light blue: New country ~3
5Py,

: from 2010 course g
; ey )
oo
o &;{},

Country Total Organization
Bangladesh 6 Bangladesh Water Development Board
China 6 Bureau of Hydrology, Ministry of Water Resources, etc.
Ethiopia 2 Ministry of Water Resourse, Dire Dawa University
India 1 Water Resource Dept., Govt. of Assam
Indonesia 4 Ministry of Public Works
Nepal 2 Department of Water Induced Disaster Prevention
Myanmar 1 Ministry of Agriculture and Irrigation
Philippines 1 Department of Public Works and Highways
Sri Lanka 1 Department of Irrigation
Thailand 2 Royal Irrigation Department, Ministry of Agriculture and Cooperatives0
Japan 4 Consulting companies, Japan Water Agency
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Category Course

[CO urs e] Basic Study [Management Disaster Mitigation Policy

Basis Disaster Risk Management

Integrated Flood Risk Management

Engineering Computer Programming

Basis Hydrology (Basic, Advanced)

Hydraulics (Lecture & Practice)

|Application  [Management  |Local Disaster Management and Hazard Mapping

Application Practice on Local Disaster Management Plan
Engineering Urban Flood Management
Application Flood Hydraulics and Sediment Transport

Mechanics of Sediment Transportation and Channel Changes

Dam Development & Management

Sabo Development & Management

Practice on Flood Hazard Modeling & Flood Forecasting

® Flood Risk Assessment
Stochastic Hydrology
Flood Inundation

® Rainfall-Runoff

[Master’s Thesis] ‘
1
3
Hydraulics

29Title
m Hydrological Statistics
4 6 Climate Change
(“ ICHARM

Ph. D. degree course

Started in October 2010

Entry requirement — Masters degree or equivalent in a relevant field
Duration — 3 years

Mode of training

e Lectures on advanced topics in Hydrology, Flood Hydraulics and
Sediment Transport, Integrated Flood Management, Hydraulics, River
Morphology, etc.

 Individual research leading to a high quality thesis

» Certain graduate courses in Tokyo University will also be open to the
students

e Criteria for award of Ph. D. degree
» Research performance to be judged by a committee of examiners
» Publication of 2 peer reviewed journal papers

e Financial support — By way of part time employment at PWRI.

e Ph.D. students will also be encouraged to help Masters students

€ (Gian
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<List of Training Program in the last 5 years>

ICHARM Short Training Course

Number of
Training Program Year Total
Participant
Flood Hazard Mapping Training|FY2004- 76
Course FY2008
UN/ISDR Comprehensive Tsunami|FY2008 1n
Disaster Prevention Training Course
Local Emergency Operation Plan with | FY2009- 10
Flood Hazard Map
Capacity development for Adaptation |FY2010 5 (Tentative)
to Climate Change in Asia

€ (ianm

Information Networking activities
by ICHARM

€ (Gianm
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Asia-Pacific Water Summit(APWS) and regional
knowledge hubs

On 3-4 Dec. 2007, the 15t Asia-
Pacific Water Summit was
organized, inviting app. 300 high-
level guests from the region.
ICHARM acted as Lead
Organization for priority theme
“Water-related Disaster
Management”. Pelicy Rieh 2007
During APWS, it was agreed that
Regional Knowledge Hubs would
be established to serve for
reducing water problems in the
region.

Contribution to Asian Water Development Outlook
Ranking of Water Related Disaster Risk
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€ (Ganm
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[ICHARM
Publications]

[ICHARM Newsletter & Leaflet]

8
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5th International Floods: R -
Conference on From Riskto | | - ﬁ
Flood Management SRpertnny |,
UREIRSITY
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The Jmspart of Climate Change om Floady S
Tood Forscasting and : =
® Only Intern Conf solely ;,,.L,Mmm | |@ F
focused on floods - Urham FloodiFlask loods Eexlienii =
® Organized by field level ~ Ffpm ffeem £ ﬂ%ﬂu
practitioners of nations . ; 1]

® Plenary sessions
discuss implementation of
UNSGAB/HLEP actions

27-29 September

2011 2N M &
Tsukuba, Japan 2 ("‘ ICHARM |- == -j.
3 |§|F="‘:'It

Regional Technical
Assistance in collaboration
with ADB
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ICHARM was designated as Regional Water
Knowledge Hub for Disaster Risk Reduction
and Flood Management
under the APWF

ICHARM Entrance

Knowledge Hub

Our Challenge: Localism

Localism is a principle that takes into account local
diversity of natural, social and cultural conditions,
being sensitive to local needs, priorities, development
stage, etc., within the context of global and regional
experiences and trends, to be needs driven rather than
supply driven, responsive to respective local realities.

1L

Research programs should be coupled with capacity
building, by closely working with local institutions,
knowledge partners, engineers/scientists
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f' ICHARM

Inauguration of Regional Technical
Assistance with ADB

f S

e On 13 November 2009,
Partnership Agreement
was signed between
PWRI/ICHARM and ADB

e ADB provides funds for
operational cost and
consulting service

Director-General Yao {lef), Chief Executive Sakamoto (cantes) and procurement, ICHARM

Directos Takewchi [right] shake hands at the signing cerermony.

Al -;:‘ sian Deve| ﬁ': it Band ',i_.__-

provides Expert —
services, etc. qﬁ [[1Hig
P]
_ / A
o =
(]
Flood
- . vulnerability
L;= . indices &
International Lower Mekong Basin investment
workshops on _plan for
international |mprove'd
good practices community
k defense

Mald ru'a-ﬁr':_

Indone&aj

Satellite-based flood forecasting system -]
(IFAS) in Bengawan Solo Basin
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Project Support

Indonesia

Banglades
h

India

Lower
Mekong
basin

Bengawa
n Solo
river

Country

TBD

Cambodia
Laos
Vietnam

i

v’ Satellite-supported flood alert system
v’ Capacity building on local disaster management

v’ Technical support of current EWS for improvement
v Capacity building of engineers and managers

v’ Capacity development through exchange visits and
meetings.

v Support MRC in developing flood vulnerability indices

"“ TF’"T*"’I‘T"'V’ Tv—:

i\

Regional Technical Assistance in collaboration with ADB
- Local application of IFAS to Bengawan
Solo river basin in Indonesia

(€ crnn
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PETA DAERAH RAWAN BANJIR
TAHUN 2009/2010

BALAI BESAR WILAYAH SUNGAI
BENGAWAN SOLO
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Flood plain area in Bengawan Solo river basin in 2009
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Current situation of IFAS modeling

Topography : Global map
Basin boundary : HydroSHEDS
Cell size : 1km

Time interval : 1h

Land cover : Global map It is necessary too much time to calculate discharge.

Model check time : 30min
Calculate time : 45min

Discharge (m3/sec)

Experimental Calculation cell
Size=2km Jurug

3000 ﬁT'TTTFrl—E‘rEr—“aT 0

== G SMaP(corrected)
2,500

—— Discharge(GSMaP_corrected) 120
O Measured Discharge

2,000
—— Discharge(Ground)

1,500 r

Rainfall (mm/hour)

1,000 r

500 r

0
12/15 12/19 12/23 12/27 12/31 1/4 1/8

Date (2007-2008,GMT) mm
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Regional Technical Assistance in collaboration with ADB

Community Based Flood Disaster Risk Management
in Solo River Basin, Indonesia

Scope and Objectives (Overview)
Community based Flood

i il Disaster Management Long-term FR
Situation/Trend (Immediate Solution) management

/ Vulnerability \ / \ f \

Socio-economic
Sattﬁr(c)lil;/a':u(a:gon Projection Change in Socio-
Partici?)atory Economic State
Approach) rain & water gauge, s-

curve, stage etc. )

Community 3 3

based 29

FERM pa 3

g0e °3

B g 39

> a (9] S0 Q

202 0nd e

ST =

: =2z -

Inundation 8=z 29

Map (different Do

. 'HaZ?rd'ab'r but Worst A

Xt , trend, b I -
Hydrological Climate Change

Analysis Projection + Climate Change Impact Impact on

K(Engineering based)/ K J Hydrological State 1
J2

-202-




h Results

Inundation map of lower Rapti basin (without
afflux bund condition)
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Durtawa Ahota

Y
s

India
e

Hanlkarwn Afflux Buned | LEsmanpur Bamage

With Afflux Bun
Lmgend
o
100.2
i 2:0-
-

s seoian  asm

135.44m

ICHARM
60 cm rise in@

st )

A FRAMEWORK FOR CBDRM in Solo Basin :

River Authorities Central/Regional

Demonstration in selected Community

Flood Hazard Planner
Local Government/Experts
!
Coordination, Planning,
Backstopping, M/E etc.

Basic requirements for

Community Organization,
community-HM preparation

Capital Formation,

Skill Development,
Technology Transfer,
Gender & - E nment

- Reconnaissance survey with

<_>‘ Hazard Map Prepared

-

I
Know How
—
Joint Risk Assessment

Community Based Disaster
Management is in Function
(Implementation Stage)
1
Community Mobilization
Gains Maturity (long term &
short term goals identified)

Modifications

community members & experts
- Analyze historical events
Observe ‘Silent Marks™— ==

@ PRA Techniques
mmunity Map

I

1
HM is prepared in paper

sk Mapping
Evacuation Provisions
Additional Information

- Frequency and destruction
- Questionnaires, discussion

I

References: a) River stages I_mproved
b) Potential breach points, (rain gauge, s- ‘
c) Rainfall approximation curve, scales/

stage etc.)

iundax & potential flood IFAS based
Jepths, efacuation roufes, safel > trial EW

locations, additional
educational materials

issuance

-

~
)

Community at Risk

Emergency Response
Simulation Through a4
Evacuation Dbidls
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Regional Technical Assistance in collaboration with ADB
- Review of Flood Early Warning Systems
in Bangladesh

CCcrnrm

Bangladesh: Under the supervision of ICHARM, Consulting team members Will carry out technical
review of EW systems and rank the proposed interventions including those proposed by TA-4562

based on their feasibility

Early Warning Svstem Study (EWS)
vkt b
T bumcad Arsiasnrn Cotvsust wl
Astan Development lank
T ]

Final Repart

Tarrmbm S0

This report proposes 22
interventions for the
improvement of EW system in
Bangladesh

1. Review documentation on EW

2. Identify, visit and review relevant institutes activities on EW

3. Assess existing systems and performance

4. System evaluation based on SWOT AHP & MCR analysis

5. Priority ranking of proposed interventions

6. Ranking based on the feasibility a-h

7. Stakeholders meeting for information dissemination

8. Recommend measures and drafting the reports

Study will give feed back to
PPTA

| Project Preparatory Technical Assistance (PPTA) |

Legos

Target areas .

‘ N ¢ ] deg{elqprnent
Gy

SO Y
< "‘ %

e Emms

FHM
(BWDB)

of

+ B e W e
Current EW stations (TA))
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| Recommendation for Implementation Arrangement Consultation with all Stakeholders

Frame Work for
the EW Review UG K R fom EWC based ontheir
Study feasibility

SWOT matrix will be developed

Ranking Interventions based on the for each intervention for each
stage of EW cycle. AHP method

Importance will be applied to quantify and
(SWOT-situational +AHP-ranking & MCMatric) determine the important

intervention in EWC

IS ISE comprises SCI’EEHEE Qey

interventions listed for each stage of EW | Sort listed (key) interventions I

% To refine listed interventions to avoid

serious duplication or overlapping. This can
| Apply Dependency Test I be done by placing all interventions in EW
cycle and checking the commonalities in
their outcomes

This list comprises parts of 22-
interventions and those identified through |
review process

List Interventions |

[ q 3
RefineZZ-interventions| | Update interventions |

Impact (flash flood,
riverine,.)

Individual Inst., Institutional | Identify Key Issues |

Set-up, Networking

| Institutional Review \ | Technology Review

Literature Review |

Regional Technical Assistance in collaboration with ADB
- Development of Flood Vulnerability
Indices in Lower Mekong Area
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Based on past achievement, FVI will be
proposed

Feurty Linws For &risteg Yusre shis Fopulsan n Flasd Prose ey 1
f
Jr..'-. S ———

[ L

_- _'il .

Proposed Activities for LMB
5 phased activities

Phase 1 (Fact finding and concept development) and 2 (Pre-consolidation
of data and info.) are completed.

Phase 3; Consolidation of data, concept and proposed methodology;

proposed activities are mostly logistic, organizational issues and,
data compilation for indices development are included in this phase.

Phase 4; Survey design and execution, analysis and verification of FVIs.:
mostly field survey in six Cambodian villages

Phase 5: Projection of local vulnerability indices to regional scale

CCcrnn
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ICHARM is trying hard to

disseminate and extend knowledge
that contribute to water-related

disaster risk reduction

Please visit ICHARM website at
http://www.icharm.pwri.go.|p/

Thank you very much for your attention.

€ (Garm
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-3. Lecture

“The affection of the climate change
on the flood prevention and the
adaptation measures”

Mr. Atsushi HATTORI
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The affection of the climate
change on the flood prevention
and the adaptation measures

Atsushi HATTORI
Head of River Division
River Department, NILIM

Natural and Social condition of Japan

rElevation legend

(m or higher)
Bl
1)
5 About half of all national population and
» three quarters of assets concentrate in
= the alluvial plains, which is about 10%
15 of all nation’s land.
200 . . )
260 —Devastating damage is anticipated
o when flood occurs.
i
B8R0
1000
1250
1500 o = 20 a0 a0 B0 80 70 BO B0 100
2000 L 1]
Fluvial plane (lower than high water level) Others
A )
property 75 25
pi———— ==
[ | 1|
population 51 | 49
! '1
areas 10! ao 5
r _— S
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The amount of flood damage is on the increase

—Although the area of inundation had been on the decrease because of flood control measures, it has been
showing a slightly increasing trend in recent years. Mainly because of the urbanization of flood-prone areas
and the increase in flood-vulnerable property, the amount of damage has been showing a tendency to

increase.
F/_|\°°d :iafmagendznsity ( O,hOOCfi yentha) Property damage (100 billion yen)
mount of prope lamage per ha o
inundation anes (2000 poas) or Flooded land area (10,000 ha)
6,000 6.0
Area of flooded - /‘/
5,000 land in residential Property d density 50
' areas, etc (amount of property damage per ¥
’ s unit area of inundation) /A/\(
4,000 \ ——1 40
Amount of property
e r
3,000 V‘ \ damage HH 1 HHnso
200017 Ther ™~ THHH H M f20
L]
sl B
1,000 M e RN Al ) Lo
M A |
P15 5 5 Y S O S R Y Y

79 '80 '81 '82 '83 '84 '85 '86 '87 '88 '89 '90 '91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 ‘06
Notes: 1.Averages in the last five years
2. The amount of property damage and flood damage density include business interruption loss. 3
3. Source: 2006 Flood Statistics combined by River Bureau, Ministry of Land, Infrastructure, Transport and Tourism
4. 2000 prices

The resultant urbanization has caused the water retention and
detention functions of the watersheds to decline.

1958 2004
Percentage of urbanized area: about 10% Percentage of urbanized area: about 85%

Natural land

Urbanized Area

Example:
Tsurumi River basin

Transportation network developed in each period
|| As runoff increases, the time to peak runoff decreases. ||

Before watershed After watershed
urbanization urbanization

(]
=4
@ 1
= 1
2 1
k2]
[=) i
o 1
8 1
[ i Before
'
: \
! _ decreased to 1/3. \1
i
Do P o
5hrs 10hrs 15hrgt ™

Duration from peak precipitation intensity
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Both hourly rainfall and daily rainfall tends to

increase.
IAnnual frequency of 50 mm/hour or more precipitation events (per1,000
|
g
350 credse O a8

300 50%
250 | o Aﬂoy\ o

s
19982007 W\
P . o 238 events g
1988-1997 ga P

200
150 Jih . Tou l
| | - 104
. 177 events

100 1976-1987
50 162 events (average)
@wrag)

0

25

'76 '77 '78 '79 '8 ‘81 '82 '83 '84 '& '86 ‘& '88 '89 ‘D '91 '92 '93 '94 ‘B '96 ‘9.7 ‘9-8 ‘99 -‘(l) ‘01 '@ ‘03 ‘04 ‘G ‘06 ‘07 ‘08
Annual frequency of 100 mm/hour or more precipitation events (per 1000
locggons)

'76 '77 '78 '79 '80 ‘81 ‘@ ‘83 ‘84 ‘85 ‘86 '87 88 '8 ‘W ‘91 '92 ‘AW ‘94 ‘95 '96 ‘97 ‘98 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04 ‘6 ‘06 ‘07 08

The annud frequercy of precipitation eventswith different hourly
precipitations was calculated fom AMeDAS data obtared fromabout 1,300 5
lecations in Japan

The 2008 data ar data obtained on o before September 2, 2008.

Annual frequency of days with a daily precipitation of 200 mm or more

Jeah Jad shep jo soaquinN

12 |W| Increase of about 50% i‘ 51 days g

?
14 -~ (1901-1930 average) (1978-2007 average)

12
10
8

6
4

2

0
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

The annual frequency of days with a daily pr ecipitation of 200 mm or more calculate dfrom me asurements obtainedat 51
locationsinJapan. Both valuesin each year (thin line)and 11-year moving averages (thic line) areshown. (JMA data)

Increasing frequency of heavy rains: The trend is expected to continee.
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In future, precipitation is likely to increase throughout the country.

Projections of increase in daily precipitation in 100 years

| [Kanto [ 1.11]

[ [Hokuiiw | 1.14]
Southern
Kii 1.13
Sanin 1.1
Setouchi 1.10
Southern Shikoku | 1.11

Ratio of increase in precipitation®
7] 1.2 times or more
[ |11-1.2times
[ ]1.0-1.1 times
* Maximum daily precipitation 7

Relatively Low Level of Flood Protection Safety Compared with
the High-Degree Land Use

Influence of increased precipitation 100
years from now on the flood safety level

of Ara River

Sumida River. ', ",

1/200

Ueno Station

ARARiver

Bp I‘anda Ril«'e’.

Tokyo Station
®

Completed

Flood safety (return period) will decrease to
about 1/2 of the target level in 100 years
because of 10 to 20% increase of Rainfall.

Prepared by Geospatial
Information Authority of Japan 8
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Climate Change : Adverse Affects
of Concern

Doubled Hardship for
Flood safety Administrators

A
I 1

Relatively Low Level of Increasing Flood-Disaster
Flood Protection safety Risk under the onaoin
Compared with the high- Climate Change 909

degree land use

Direction of future MLIT efforts

KFhe goal: Working toward "zero victims"
Complete protection from increasingly severe floods is

difficult to achieve.
Studies are conducted on ways to achieve "zero victims."
In the areas where key state functions are concentrated,
priority measures such as measures to prevent serious
damage on key state functions are to be taken.

\_ ':> Minimization of damage /

~

Measures to cope with growing external forces

Multi-layered flood control measures

In addition to the flood control measures designed to ensure
safety from the design-basis discharge, watershed-based
measures are also taken to ensure safety from growing

external forces. 10
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Multi-layered flood control measures

(future level of flood safety shown in blue)

(present level of flood safety shown in red)

Present

Future (100 years later, for example)

eRiver-related ©
d, eve Upgrading facilities

me_asures Squ‘! ill fall for dealing with
as improvemel will fa increased external

of facilities considerably forces
@ Adaptation

1/70 measures

relying on
2l I i
Target level ciities

Present level of flood

of flood

safety
Accomplished

accomplished level of flood
level of flood safety
safety will fall,

@ Retention ® Retention

community pi
® Adaptation measures centered arofid

evacuation guidance an:
risk management

assistance)

Adaptation measures implemented in cooperation with local community

Adaptation measures coordinated with changes in social structure
Land uses permitting inundation and community planning measures are used to cope with floods beyond the flood

control capacity of facilities.

ted with land use

Flood d: mitigation es coordi
regulation and steering

Ri ng levee River improvement by use of continuous levees

Tonm

Nak

b bi River

River improvement
designed to protect a
limited area by means

I evee
Ring levees for the Nagara and Ibi rivers

of ring levee Designation of
construction, levee hazard areas
| raising, etc.
Inundation control by use of secondary levees, etc., to prevent further
expansion of damaged areas

Naruse River
Naruse River =
" 0

n2

(Before)
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Adaptation measures centering on risk management

Integrated damage mitigation and restoration/recovery measures from the viewpoint of risk
management

Improving forecasting/warning technology and systems by strengthening observation systems and improving
rainfall/runoff prediction technology

Improvement of real-time information sharing and flood forecasting by providing rainfall and water level

information through cellular phones, Internet, public safety radio cc 1s syst etc.
Raingauge station Weather radar 3 MLIT H
] ° ation @ % monitoring E
Rainfall G d % § i
°b§?a'¥§“°" / d: ed rainfall $$ .
A 76 estimation Repeater E
station H
e —
i Providing information it
a‘ﬁvé?‘fg' ‘se(a?ilon Waterleve h’ thron:rgxlc;llgllg; phon;s and |ma9t§ .tli:/tac :al?‘trl"l:::uon
observation S
station : i ." .
arning stati oooo i =_':
oooaf. -
Flood (water -
River office level) prediction
Meteorological ?‘
observatory [ - :_..._:
w W
11 . - '-.“.::
13
A network of 26 weather radar G
systems for rainfall o
observation, each with a
quantitative observation range & Y
of 120 km, covers the entire |
country. %
Radar type C band radar
Observation interval 5 min.
; Time lag before the
release of 5to 10 min.
information
) Data resolution 1km 14
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An emerging type of disaster caused by localized heavy rain

- -
/p 9 A ;
| -
s _—y -
—" s ¥ ; s
v r = Raingauge TTTTTTIETT
Station

Water Level
Gauging Station
i

Accident
site

—

A"

= C Band Radars’ Resolution

On July 28, 2008, the Toga
River (Class B river) swelled
rapidly because of localized
heavy rainfalls.

At Kabutobashi, a water
level rise of 1.3 m in 10
minutes was observed.

Five people including
school children were
drowned.

ater level rose Tm34cm in 10 minutes.
28 July 2008 14:40 14:50)

Prepared by FRICS
Information Development| 5
Division

Necessity of radar rainfall observation systems capable of
detecting localized heavy rainfalls in urban areas
( Time lag between observation and information delivery )
Legend for rainfall data
. Measurements not available
iy p Urban area
Observation data for 14:30 Prepared by FRICS
were delivered after 14:40. ey lovelrose by 1.3 iformaion Dovelopmert
4 _ J
- Radar rainfall observation system capable of ~
detecting localized heavy rains
Monitoring by use of X band radar
Further growth
into heavy rain (1) Monitoring of “guerilla type” heavy
Occurrence | —=> rain that occurs suddenly and grows
heavier rapidly
® e Spatial resolution of the order of 100 m
SN (3) Providing information in real time
— JE = Updating information at 1 minute intervals
| 1010 20 min. > 16
|\ J
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How to monitor the precipitation by
-band radar

Vertical polarization Rain drop Weak rain Strong rain
& — —
&
: '
¥ ¥
Imm 4 mm 5 mm
—s —>
: A I 1
Horizontal polarization v v
G mm 7 mm ’ B mm

Since the rain drop is flat, we receive different

signals for vertical and horizontal polarization. ' .
Very strong rain

The stronger the rainfall,

—Phase difference is to be generated.
The flatter the rain drop.

We estimate the precipitation from the phase
difference between vertical and horizontal polarizatign
The bigger the phase difference, the stronger the rainfall)

Development of X-band MP radar network
26 radar systems will be installed in urban areas in Japan. ]

= m ¥ L R

X-band radar
Radar type (target value)
Observation .
. 1 min.
interval
Already set in fiscal year 2009 Time lag before
O (radius : 60 km) the release of 1 min.
information
To be set in fiscal year 2010 Resolution of
(same) provided data 250m
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Near Tokyo

Monitoring range of
-band MP radar

Near Nagoya

Red circle 80km radius Blue circle 30km radius

Near Osaka

Monitoring range of
-band MP radar

Hokuriku region

TR TS

20

Red circle _80km radius Blue circle 30km radius
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Provision of -band radar
precipitation information on the We

©ln 4 areas, we are providing the precipitation information by X-band MP radars on the Web.
©oReal time precipitation distribution (every minute) and historical image (from 30 minutes ago to the present).
ohttp://www.river.go.jp/xbandradar/

The entrance page (all Japan)
|l1_-l"rq u.-.----n._.,—.-_

Detail image

e e AW weERaEEE

Nkl F R L— 3 I TR Y I

Select the area for
detail information

If you choose historical image, you can seeél?e
animation from 30 minutes ago to the presént.

area image {

Example 5 July 2010,

heavy rainfall in Iltabashi, Tokyo)
3 . Det-ail

precipitation

w [0k
el k
== iman'h
= i b
w | D

® =humh
5 |
* No data

Itabashi
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Comparison between C-band and X-band MP radar
July 2010 heavy rainfall in Itabashi, Tokyo

Itabashi City office Itabashi City office

N
-l

f ST UA

Ty b
e

C-band radar X-band MP radar
23

Comparison between conventional C-band and X-band MP

Conventional C-band radar observation X-band MP radar observation

Minimum unit: 1Tkm mesh Minimum unit: 250m mesh
Interval: 5 minutes Interval: 1 minute

Required time for data distribution: Required time for data distribution:
5 10 minutes 1 2 minutes

Conventiona

-band MP|

— -band
data data
5 minutes after an observation data 5 minutes after an observation data
—2 observation data are available —6 observation data are availgble

* Observation radius for C-band radar is 120km, for X-band MP 60km.
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Prediction on the

annual maximum Influence on
precipitation ﬁ the flood
under the climate

control works
change

Grasp the relation between them, and facilitate the
debate on the adaptation measures depending on
the prediction data under the climate change.

Introduction of the nationwide, common, and
simple measures. —Flood control works index V

Enable the effective debate depending on the
differences among the rivers.

Apply the measures all over Japan.

Connect the results to the debate in the field. 2

River Discharge Capacity Assessment under the Climate Change

8 5 Increase of Discharge Securing the Original Safety Level
g - 3 8,\ Under the Climafe Change &'
= cm= (T e 3 3
OO cwm : o .
c Q%5 *é_ Additional Project
O ®© = .
>3 o 8 ToAdapt toCIlmate Change
%o 2 s — ] Legend
o D2 2 River Management
o2 g Proict in place
Al = = 1
>2 2%
g0 r.gc) s Amount of
S ) = 2 —— . Effort
» Present Future ratio of
. flood
future/present ratio control | Assessment on

of flood control works

Prediction of
Precipitation
in the Future

[ Additional

Upper Limit of  works

Uncertainty in the Ppédictioft,

e.g. variation of s€epdfios,

simulation Modéf®

.0

possible cases Large
Average
Lower Limit
Small /

Present Climate

Future Climate

f/ p ratio of
flood control
works under
the climate
change has
been
conducted for
main riversen
Japan.
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Definition of flood control
works index: V

V= [Bhdx
total river
future/present ratio of flood control works: V/V,

X Axis in the
direction of flow

High Water
Level

Present precipitation: »

Future precipitation:

Increase of precipitation (discharge)

for same annual probability

High Water
Level

Excavation

27

We can replace “Excavation” by other measures, e.g. relocation of levees, dam construction.

Increases in maximum hourly and daily precipitation :Predition datawas provided _
by Japan Meteorological Research Institute
Comparison of the maximum daily precipitations 100 years from now in 16areas in Japan.
Although the ratios of increase vary among the areas, almost all areas show a value greater than one.
° Maximum Hourly Rainfall
o 15
14 r e 'y A
13 [ *—a = 2 < > = .\“‘. ’\\;/)\\:
o o 12 .77.\1‘%?/.\ AVLL(A‘ /\./.\'
Ll 11 \/. ¥/ v\\\/\/ Y%-tile
Z 1 1 25
09 —*-500
—-975
o 08
° . Maximum Daily Rainfall
B 14
o
13
o2 -a )'1 A——y o
o ://'\5/;\ U S
YT
09 -
08
Future precipitation (the median of the values
calculated as shown below) was estimated from
2080 2099 average
1979 1998 average
which was calculated from the maximum hourly
and daily precipitations at different survey points 28
obtained from RCM5km (A1B scenario). North N South
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Future/present ration o on the maximum daily

precipitation in a year for each region

Hokkaido Okhotsk Region | lower | middle | upper
okkaido ots| B T r N
Hokkaido Japan 1.10 1.12 1.15
sea 1.18 1.19 1.21
Hokkaido Pacific
North Tohoku 1 1.25 1.27 1.28
East Tohoku 1.20 1.22 1.25
West Tohoku - - -
East Hokuriku 1.27 1.29 1.32
West Hokuriku
Kanto (Tokyo) 1.26 1.27 1.29
Nagano 1.13 1.15 1.17
East Chubu
West Chubu 1.10) 1.12] 1.14
San-in g o 1.19 1.21 1.23
Seto-uchi
North Kyusyu i 1.01 1.03 1.05
South-west Japan 1.08 1.10 1.13
a 1.03 1.05 1.08
1.05 1.07 1.08
'@% 0.98| 0.99| 1.01
1.14 1.16 1.17
ZJ
1.05 1.06 1.07
Future / present discharge ratio (middle prediction) q
1.19
F.UtU re/preseht Colored number:
dlscharge ratio Precipitation ratio
09 ~1 1.27
1~1.1
1.1 ~12
1.2 ~ 13
13~ 14
14~ 15
W5
0.99 g
e ]1 L 1.03
';‘::?'. : 1.05 1.10
T
- 1.06
- 30
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Colored number:
Precipitation ratio

Future / present ratio

Wo~o02
Wo2~03 1.27
03~ 04
04 ~ 05
05 ~ 06
06 ~ 0.7
0.7 ~08
08 ~ 09
Wos~1
[ BR
099
__ g ! hovahe ™ 103
5 R 105 1.10
g 1.06
31
Future / present ratio of return years Future / present ratio
HWo~oz
Woz~o03
0.3~ 04
el 04 ~05
' 05~ 06
e 06 ~ 07
07~ 08
” 08~ 09
lower - = ' =§T 1
TR middle # w
- " ' o ;
o
" . = upper
-5
-
w - 5
} 32
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future/present ratio of flood control
works V/V, (middle prediction)

Vi 1V,

- ~ 50%

|:| 50~100%
|:| 100~150%
|:| 150~200%
|:| 200~300%

Colored number:
Precipitation ratio

B 300%~
0.99 el
116 ]frr_,_n—' ” 1.03
ety - 105 1.10
;-E
= 1.06
33
Future / present ratio of flood control works V{/V,
Vi 1V,
- ~ 5%
E f. |:| 50~ 100%
- |:| 100~ 150%
|:| 150~ 200%
A [ 200~300%
lower : .u.,‘ [
‘- " -
E e L...
~ il
middle * = 8
= £ ! ’ - A=
s - x
- R :
upper
o 2 "
- ! #—' -
- 55 34
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ratio
0y =1
1 =11

j2~13
13 =14
14 =~15%

future/present discharge ratio
(middle prediction)

Colored numbers:
Ll = 12 Precipitation ratio

Y

137

118

future/present ratio of flood control
works V/V,, (middle prediction)

.12

Wis 128
DEF 121
Ll 1"':...-—' 103 e
b, 105 110
r.*.'ff 108
Precipitation ratio a Discharge Future/present ratio of
(result of A1B ratio

flood control works Vi/V,

scenario, GCM20)
Average of Lower prediction
all basins Middle
(from 2080 dicti
to 2099)
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-4, Lecture

“New Role of Sewerage System In the
Low-carbon Society”

Mr. Masashi OGOSHI
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New Roles of Sewerage System

for the Low-Carbon Society

National Institute for Land and Infrastructure Management

Outline

e Progress and Current status / future trend of
wastewater treatment and reuse

e New roles of sewerage system for the low-
carbon society
— Reduce GHG emission by N20O control
— Reduce GHG emission utilizing bio-mass energy
— Waste heat recovery from sewage
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WATER RESOURCES

Limited affordable water resources
97.47 % - Sea Water
1.76 % - Glacier
0.76 % - Ground Water
0.01% -  Surface Water
0.1 million km?

(2003)

ARTIFICIAL WATER SYSTEM

Water Works
&

Sewer Works

Water treatment
&
Wastewater treatment

4
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PROGRESS OF WASTEWATER
TREATMENT

19C  SS removal

l
20C BOD removal by CAS

!
Nitrogen and Phosphorus removal by Modified AS

CONTROL OF INFECTIOUS
MICROORGANISMS

Disinfection by Chlorination

Indicator Organism

Total Coliforms bacteria tecal pollution

Diarrhea / Protozoan or Viral
appropriate indicator unknown
High removal rate by MBR
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Treated
wastewater

Wastewater

Activated Sludge Reactor
CAS, BNR, AO, A20

WATER REUSE /RECYCLE

Cascade type
Tap — Miscellaneous use — reclamation — toilet flushing — Sewer
— MWTP

— irrigation — natural waters

Recycle type
Sewer — Satellite purification — Miscellaneous uses — Sewer

— MWTP — miscellaneous water pipe — toilet flushing — Sewer
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PROGRESS OF WASTEWATER
TREATMENT

SS removal
I
BOD removal by CAS
!
Nitrogen and Phosphorus removal by Modified AS
I
Microorganisms, Virus, and
DOM (Pesticide, PCB, Dioxin, EDs., etc. ) removal

by Membrane
MF NF RO

Smaller < energy < Larger

9

ENERGY SAVING WATER REUSE
/RECYCLE

River/Lake — Aqueduct — Purification Center — Water pipe —
Distribution Pond — Service pipe — Tap Drain — Sewer —
MWTP — Public water

Reuse treated wastewater
&
Save fresh water
Save energy for water transport
Save energy for water treatment

Regenerate water environment down stream the intake point
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ESTIMATION OF ENERGY
CONSUMPTION IN OKINAWA
WATER REUSE FOR IRRIGATION

Max 50,000m3/d Area 15.3km?

RN D Total length 88.5km GL 0 to 157m
Tertiary treatment (chemical treatment
and rapid filtration with before and
after chlorination)

A

Irrigation Area 1

RM«?—«’

L_T’l“'

fww

This Figure is a result of CREST project by JST

RESULT OF ESTIMATION
IN OKINAWA

Electric power consumption
Wh/m3)

Average
in Okinawa

Reuse

Average Energy Consumption for water supply in Japan 0.55 kWh/m3

This figure is a result of a CREST project in 2009 by JST
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OTHER EXAMPLE OF ENERGY
CONSUMPTION FOR WATER REUSE

electric power consumption
(kWh/m3)

CONCLUSION OF WASTEWATER
TREATMENT AND WATER REUSE

We can control the water pollution due to excess BOD, Nitrogen and
Phosphorus.

We have still difficulties to control the pollution caused by pharmaceuticals
and chemicals.

Upgrading of wastewater treatment makes it easy to use the reclaimed water,
especially application of membrane technologies. But membrane separation
consumes a lot of energy.

We have begun the study about energy saving new water em which is
constructed by water works, s r works and water reuse. Thinking about

tems as one water system, it will be possible to get more efficient

water utilizing system.

Existing water reuse systems are not energy saving itself alone.

14
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GLOBAL WARMING & SEWERAGE
AFFECT TO WATER UTILIZATION

Increase of drought & flood
Increase of irrigation water for food production

Increase of water consumption in urban area related to
temperature rising

l

Increase of water needs

l

Increase of assist by water reuse

15

MITIGATION OF GLOBAL
WARMING BY SEWER WORKS

1. Reduce GHG emission from sewerage works.

The major source of GHG emission in the MWTP is electric power
consumption.

* Exchange energy saving machines from old and inefficient things.
* Refine control system to the smart one that works to reduce
inefficient operation.

etc.

22d big source is the furnace for sewage sludge incineration.
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GHG EMISSION IN MWTP

Breakdown of
Electricity

I 0%

Main Pump 6.6%

Electric Power

Sludge Incineration 47.9%

(N,0) 19.2%

Sludge 9.9%

Activated sludge treatment ]
(N20) 8.7%

Fuel 4.3%

REDUCTION OF GHG EMISSION
FROM MWTP

Fluidized Bed Furnace

750 800

Conversion rate of the nitrogen in sludge to N20 (%)

Highest Ter7118perature at the free-board (
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HOW TO CONTROL N20O FROM
AERATION TANK

Center of the reactor

End qf the reactor
‘—O—‘—O—‘—Oﬁi\‘ho—‘—o—#&so—‘—o—‘—vo—‘

Entrance of the reactor
o)
10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:00

Time(hr)

HOW TO CONTROL N20O FROM
AERATION TANK

w
o
o
o
<]

N20O Emission (mgN2O-N/nB)

0.10 0.15
NO2-N (mg/L)
NO2-N in the effluent
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EFFECTIVE USE OF BIOMASS
ENERGY

Sewerage sludge is a bio-mass.

2. Use sewerage sludge as an energy resource
and reduce fossil fuel utilization.

As Methane gas from Anaerobic digester
Additional biomass
House garbage,
Plant branches and leaves
Etc.

SLUDGE TREATMENT AND
UTILIZATION

BOD, SS etc. are exchanged to sludge and removed from wastewater.

Thickening 2% solid 98% water — Anaerobic Digestion
Methane Gas

Dewatering, 20% solid 80% water — Composting, etc.
Fertilizer

Incineration
RDF

Bio Gass
Landfill

Carbonization
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EFFECTIVE USE OF BIOMASS
ENERGY

OTHER GHG REDUCING
TECHNOLOGY OF SEWERAGE

3. Waste Heat Recovery using sewer system

Waste Heat dispose to sewage

Sewerage transport waste heat

Heat Recovery from sewage

Areal Heating and Air-Conditioning Center
Office, Factory, Shops, etc.
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CONCLUSION

About the control of GHG emission from sewerage system, we knew that

The temperature of the free-board in fluidized bed furnace should be h
than 850

The nitrite nitrogen concentration in the secondary effluent should be less

than 0.1mg/L.
We have seen various technologies to use bio-mass energy efficiently.
Combine with local biomass and sewage sludge, MWTP is possible to become

a areal center of the low-carbon society.

Thank you for your kind attention.
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-5. Lecture

“Newly-Proposed Operation Rules
against Floods Exceeding Design™

Mr. Shinya MITSUISHI
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Newly-Proposed Operation Rules against
Floods Exceeding Design.

Head of Water Management and Dam Division, River Department,
National Institute for Land and Infrastructure Management
Ministry of Land Infrastructure, Transport and Tourism, Japan

Dr Shinya Mitsuishi (D.Eng)

Dam Projects in Japan

Number of projects Number of projects
w0 | 115 projects cancelled
(As of April 1, 2010) 1400
80 B ——e— |Initial projects for the year *1
70 F B New projects *2 4 350
60 L 6 Emmms Completed, etc.
50 F Cancelled i 300
(47)
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
*1 The number of projects implemented does not include projects in liquidation due to cancellation, existing ones during amortization by the
Japan Water Agency, and those during refund of construction contribution of power suppliers, etc.
*2 The number of new projects does not include the total of new site investigation and new construction (changes in projects such as
transition from site investigation to construction and from normal subsidized projects to those of reservoirs for domestic use.)
2
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@ Dam Management in Japan

120 — 600
I Dams controlled by the Ministry 532
[ Dams controlled by the Japan Water Agency (JWA) 99
100 Dx bsidized by th \{ / 500
B [ Dams subsidized by the state -
i) —@— Total number of dams managed 8.’
= IS4
g 80 400 <
o @
© 1S
a 1)
E £
3 60 300 8
= o
o 5]
g 5
-g 40 200 -g
> =
< =
20 100

1950's  1960's 1970's 1980's 1990's  2000’'s

@ Basic Principles for Flood Control Operations

1. Reliable operations and definite effect

2. Ensured safety (safety of downstream rivers and
facilities including dams)

3.  Prompt response to flood changes

4. Per-flood adaptation and effect maximization
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Dam Flood Control Methods in Japan

Constant rate/amount discharging method Constant discharging method

4 Qp

Dam cutting flow

__________ L Flow

Discharge

Flow Dam cutting flow

Discharge

Inflow
Time Time
Natural regulation method No Inconstant rate regulation method
gate or constant opening) o

Dam cutting flow
Flow Flow

\ Discharge

Inflow

Time Time

Constant rate/amount discharging method to be used in major dams

Dam Operations for Excess Floods

Special discharge operations

(Discharge volume is matched to inflow volume
in response to insufficient dam capacity)

Significant increase in discharge

Flow -

Inflow . Heavy damage caused

Flood control
initiation volume

July 2006 Flood inundation in the Sendai River
(Satsuma, Torai district)

Discharge

Time
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Dam Operations for Smaller Floods

Flood control initiation volume :
Set based on the discharge capacity in sections without renovations

Flow

v
In spite of sufficient dam capacity,
Inflow discharge * ” causes damage in sections
Flood control without renovations.
initiation volume
Discharge
Time

Dam Flood Control Utilizing Rainfall Prediction

Aim: To minimize discharge volumes by predicting total dam
inflow volumes, based on rainfall predictions, and comparing
this to available dam capacity

e Predict rainfall in area upstream from dam using WRF 48-hour
rainfall prediction

« Deal with rainfall events much higher and lower than the rainfall
prediction by setting large and small errors in the WRF model

= Accurately determine effective rainfall (runoff) volume by calculating
basin infiltration capacity, including initial rainfall loss and ground
water retention capacity

= Manage flood control capacity and water use capacity in an
integrated manner

e Decide dam operations to apply by comparing predicted inflow
volume with available dam capacity

= Minimize damage to downstream area by maximum utilization of
available dam capacity
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Merits of Dam Operation Methods
Using Rainfall Prediction

If rainfall prediction is utilized...

-~

Against excess floods

Preliminary discharge to secure greater
flood control capacity together with Inflow
constant discharging will lead to a AW
reduction of maximum discharge volume,

minimizing damage.

The ability to predict rainfall enables us to utilize

Elow Discharge under current
operation rules

Discharge unde
new operation

\ water use capacity for flood control.

~

Timy

-~

Against smaller floods

In cases where flood control capacity
is deemed to exist, downstream
damage can be eliminated by
proactively storing flood water in this
flood control capacity.

Flow

arge under new operat

Discharge under current
Inflow operation rules

Time

Setting of Errors in Rainfall Prediction

Regression coefficient a of continuous rainfall

1.0

0.0

Maximum value of prediction = 1
+0.400/48 *rainfall duration

ot

_~*" Median of prediction (Actual rainfall = Predicted rainfall/0.8)

ant
s
ann®

YL L

T, Actual rainfall

..... 'ﬂ--.-_-‘“é.“_.. B .
T I I Y ; ..... TTTTTT)
X = ar,
Minimum value of prediction = 0.700 I, Predicted rainfall

0 6 12 18 24 30 36 42

Rainfall duration (hr)

Relation between rainfall duration and
predicted rainfall/actual rainfall

48

10
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@ Simulation Conducted for 12 Dams

Hoheikyo Dam

Shijushida Dam Nibutani Dam

Houri Dam

Dokawa Dam ~ Nukui Dam

Kawamata Dam

Yahagi Dam

Tsuruda Dam

Sameura Dam

* Kanogawa Dam

Nomura Dam
11
@ S mmary of Simulation Results
‘The discharge ‘The discharge
operation ata Thedisharge | Thedistarge | operation ata Thedisrarge | Thedisharge |
Nunberof | Valueusedto | consantrate | - Prefiminary { eencested | L Nunterof | Veliesedto | conantrate | Prfminay |opraton o raeecested ot
Nameofdam | cases | judggesitable | uptothe | dischargetook | thehamless | thedesign | Nameofdam | cases | judggesuitable | uptothe | dischargetook | thehamess | thedesign | %
examined | operation harmless place | dischargerate | maximum "““ I examined [ operation harmless place | dischargerate [ maximum ““""’"u“"“
discharge rate took place | discharge rate P discharge rate took place | discharge rate P
was conducted ‘was conducted
maximum 11 0 1 1 1 maximum 3 11 8 1 1
prediction 1 0 T 1 1 prediction 7 9 4 1 2
Hohelkyo | 12 minimum 1 0 1 1 1 Touuds |11 minimum 5 3 6 1 5
Actual operation 9 0 3 1 0 Actual operation 0 0 11 1 0
maximum 6 4 T 0 0 maximum 0 1 1 1 1
. prediction 6 2 1 0 0 L prediction 0 0 1 1 1
Shiyushida | -7 minimum 7 0 0 0 0 Nibutani ! minimum 0 0 1 1 1
Actual peration 4 0 3 0 0 Actual operation 0 0 1 1 1
maximum 6 0 0 0 0 maximum 0 1 1 0 0
\aanaa | 6 prediction 6 0 0 0 0 Kanogava | 1 prediction 0 0 1 0 1
minimum 6 0 0 0 0 minimum 0 0 1 0 1
Actual peration 5 0 1 1 0 Actual opration 0 0 1 0 1
maximum 6 10 T 0 0 maximum 1 1 0 0 0
prediction 13 1 1 0 1 prediction 1 1 0 0 0
A T u 0 0 0 1 Nomura | 1 minimun 0 0 1 0 0
Actual operation 8 0 6 1 0 Actual operation 0 0 1 0 0
maximum 4 0 0 0 0 maximum 0 1 1 1 0
prediction 4 0 0 0 0 prediction 0 0 1 1 0
Nl ¢ minimum 4 0 0 0 0 Dok ! minimum 0 0 1 1 1
Actual operation 3 0 1 0 0 Actual operation 0 0 1 1 0
maximum 9 1 1 0 1 maximum 0 0 1 1 1
Sameura 10 prediction 9 0 1 0 1 Hohri 1 prediction 0 0 1 1 1
minimum 9 0 1 0 1 minimum 0 0 1 1 1
Actual operation 5 0 5 0 0 Actual operation 0 0 1 1 1
maximum 53 30 16 5 5
Tol 59 prediction 57 13 1 5 8
ol minimum 56 3 3 5 2
Actual operation 34 0 35 7 3
12
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Patterns in Simulation Results

Cases of maximum values used

Many cases with preliminary discharge operations or discharges at
volumes above harmless flow volumes

Cases of minimum values used

Many cases where entire dam capacity was spent completely

50 or so cases of smaller floods

Discharges limited to harmless discharge volumes by carrying out
preliminary discharges and so on

(Actual discharge operations at harmless volumes were only
conducted in 34 flood events)

13

Simulation Results in Case of Excess Flood

iy - ‘ﬁf .
m Actual - . P
- I ? rainfall i the-oasin | | 3 A comparison of operations utilizing the WRF model
il
] Cpprerge smutated and actual operations
Actual inflow into
the dam mé/s
& ++ Actual discharge T Maxinum Maximum volume
O & mls £ ~ Time of | . " 3
E I— E Name of Dam dood nflow discharge(m’/s) reduced
B e i - % (m’s) | Acmal | WRFuse | (m/s)
[ 1 ? % Yahagi Dam H129 2.993 2.378 974 1.404
i
g Nibutani Dam H158 5.959 5.489 5.000 489
Drachargs o mamam desn— AT 1 ; DokawaDam | HI68 | 1005 | 8§27 712 115
|5 discharge rate 1300 _m?s | 10

Discharge at harmless discharge
rate 800 [m¥s]

Simulation result of flood in Yahagi Dam as of Sep. 2000

Appropriate preliminary discharge operation and
decision to maximize discharge

v
Reduction of maximum discharge and significant mitigation of damage

14
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Application in Actual Dam Management

Integrated operations at the three dams in the
Nabari River upstream area

« Heawyrain predicted in October 2009 from.typheonNo=18.

« Possible inundation of the downstream river area even if routine
operating regulations were exercised at the three dams managed by the
JWA

« The Ministry of Land, Infrastructure, Transport & Tourism instructed the 3
dam management offices to store above-operating regulation levels of
flood water in the dams (called 'integrated dam operations')

« Flood damage in the urban area of Nabari City avoided

A photograph of Nabari Ohashi downstream in the
Nabari River, taken on Oct. 8, 6:34)

Course of the Ise Bay Typhoon (in 1959) and
the Typhoon No. 18 (in 2009)

o S Y -

L LR

- - :\: "H,_ }1" .-': "=
1 -
TN

i
-
\

e
.....
..........

"ioct.8 9 00 hm.

....... [

Typhoon No. 18 (2009)

Ise Bay Typhoon (1959) 4

Oct.6 9 E_lo m. - 'n —
—f _..A_-""" 1‘
\ kY -
"l 1‘ Analysis of rainfall accumulation

N i i . . From 9:00 a.m. on Oct.7 to 9:00 a.m.
h Octz4 9 00 a.m. - it
i-, | % Oct. 3 %-29_____ . on Oct. 8,‘Un|t. mm
s | A :
R S A T ! ,

16
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Location of Nabari City and Three Dams

Nabari‘Rivg]:!InaChl Dam
abari city, Mie
=**Rrefe

Murou Dam
(Uda city, NarasPre

Nabari site:Observation station for water level
(a picture taken on Oct.8 6:34)

9 259 17
Overview of Integrated Operations
Eacth rloutintle ctigm operla:jtion based on !mplementatlon of Water level of the Nabari River was
control reguiations could cause integrated kept lower than the design high water
inundation of the Nabari River, which . e Ry M, pr ey gy
threatened to exceed the design high operations by the estirr;e?ted 2 lsghouses 9
water level at the Nabari Site. three dams ' '
10.00
PNater level Water level without dams (estimate) Effect as of 4:30
9.00 at Nabari Site Implemented routine operation ~ 3
. (estimate ~N
. . ] About 1.5m
Design high water level ya =< __ fAbout 0.6m
?>) 8.00 9z v
% Water level of inundation hazard \
g0 _._ . -
= Water level for judgment of evacuatio
______________________________ _ Water level
6.00 Water level for attenti dation T by integrated operations
5.00 L) T T
To implement = e @
icti j = i) 2
400 prediction and judgment g g 3
=] ° T
o o IS
a a a
3.00
o o o o o o o o o o o o
S ® & ® 9o ® 9 @ 9o @ 9o 0
o o - - o~ ~N (32} ™ < < wn n
18
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Flood control operations carried out under the three dam integrated operations meant
that expected flood damage to 1,180 houses in the Nabari urban area was avoided.

Flood control at
about 310 m3/s

2:00 T

I I
+ +

o o
S S

8:00 T

< o

800 800
600 | 600 —
Q
E 400
2
=
L 200 |
0 —t— 0+
(=] (=3 (=3 (=3 o o (=3
S S S S S S 8
S &N < %) o =] =
Flood control in Shorenji Dam F
800
Flood control at
600 | about 440 m¥/s

0:00
2:00 T
4:00 T

|
t

o
4
%

Inflow into dam

Dam flow of this time

Flood control activation volume
as stipulated in paragraph 1 of
the operating regulations

|
t
o
<
©

Flood control in Hinachi Dam

19

A Comparison with the Ise Bay Typhoon

Details Typhoon No. 18, 2009 Typhoon No. 15 (Ise Bay typhoon), 1959
P e r i o d Sep. 29 2009 (21:00) to Oct. 9 2009 (15:00) Sep. 21 1959 (21:00) to Sep. 27 1959 (21:00)
o
8 Lowest pressure 910 hpa 895 hpa
5 .
Maximum speed 55 m/s 75 m/s 3-hour r_amfall
955 090 o was equivalent
= Central pressure to pa pa
%5 to that of the Ise
g3 | Maximum speed 40 m/s 50 m/s Bay typhoon!
S | Radius of storm | 220 km (South East), 170 km (North West) 250 km 4
1-hour rainfall 65 mm 58 mm
Rainfall in the
Nabari River 3-hour rainfall 143 mm 137 mm
upstream
Cumulative rainfall 315 mm 393 mm
& 1-hour rainfall I 41 mm 43 mm I ,,,,,,,,,, i —
= Significant
2 Cumulative rainfall 239 mm 342 mm j9nt !caq
“ = — reduction in
g- Death toll - 11 damage
5 Number of missing - 1 in Nabari City
2 g -
; § Swept houses - 102
5
g ;‘ Demolished houses 1 180
2 2
g
ga =z Partially destroyed - 525
=}
>
Flood above floor i 1,434
Flood below floor 27 848

20
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Articles Related to Tvnhoon NoO. 18

LEIIT PETSPTTY.

:

i
i? |
i

i

( 21 10 21 ) ' (21 10 9 ) o

Example of Water Use Capacity Non-fulfillment

30 0
10
by
25 ou acty | |20
- Acustdam storage
Copacty it

g

Discharge at maximum design

F 1m0 2 w0 =
“E discharge rate 1300 /s g £ g
N i it = 15 | Effective storage capacity 12,700 ten mil 0=
= O =
5] 3 <
om0 @ £ | 1 fteoeeses 60
£ &y | Conrollevel capacity 9,200 ten i, ‘5
o= R o e ettt 3

n g0 RgTTTES 70
A Discharge at harmless 80

300 .~ %, discharge rate300 80 ST
________________________ T w0 20

Simulation results for the flood at Nomura Dam in August 2004

22
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Improvement of the Method
for its Practical Application to Dam Management

Improvement of operation methods

Clarification of rainfall prediction errors of the WRF
model

Improvement of dam facilities

23

Reservoir Water Level and Discharge Operations
Based on Rainfall Prediction Errors

Vinmin = Vs

Vinmin > Vs

Vinmax > Va

Case | preliminary discharge of AV Case 2

preliminary discharge of AV or increase
of the discharge rate

Vinmax = Va

\%i
Vs

: flood control capacity Vinmax
: available capacity for water use
at the time of prediction Vinmin

Vo =Vf+ Vs : available capacity

at the time of prediction

. reservoir level based on

the maximum WRF prediction value

. reservoir level based on

the minimum WRF prediction value

24
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Clarification of Rainfall Prediction Errors
of the WRF Model

= 30
[ TS | - . . _
‘€ Maximum . M » | Median regression coefficient
@ regression 7 . inii
=oas > e, . * | Minimum
§ 2.5 coefficient - - / . regression
g * \ . [ . coefficient
; 20 e . . A . [ :
. b / |
g ! N 3 T f
= 1S - YTe T T e i L4 | l
3 - - e | *— — e
£ H g : | . [~
[ L . | Iu' 3 3
g 1.0 l ’ f l | I '
S ] / /
i - e
g : —
= 05 |
= O
g oo Loosnalusmes R M
5 S
= o0 ’ 8
] & 12 18 24 30 36 42 48

Total time (hour)

WRF model rainfall prediction for 14 small to large floods

in 10 dams
—l—
Compare to actual rainfall and examine error
25
Improvement of Dam Facilities
1 _ Dam crown elevation _ Only three conduit gates

Emergency spillway

—~ nake pipe bRl S s
T \\ (power generation) s/ ) e - ’ - Not possible to smoothly carry out
\_""--\._\___ s, BE - Sitsurface 1= operations where discharge rate is
- T ||em} it D 0 :
N e EmergencybutlevGonduit «  increased to match the inflow rate,
T, el *™ - or preliminary discharge operations
o ~
L [« !
e e Add one conduit gate and
i L examine effect
Discharge facility in Tsuruda Dam
Simulation result Simulation result under assumed increase
under current capacity in discharge capacity
- - . L ¥

— Actualaverage rainfall
inthe basin mm

S Actualaverage rainfal
inthe basin mm

—— e s Matching operations can be
— scutoinote carried out smoothly

dam s

——— Discharge simulated
s

Actual nfowinto he
Discharge at maximum dom mts Discharge at maximum

design

design
. discharge rate 2400 fs

eoencuidscharge | 4 oF T design  [Laff e Aot dscharge
s

Maximum discharge volume

o | dehargerate 2000 s 1 i
i . 38 T :
' £ 5 reduced by 243 m3/s
o

Discharge at ) Discharge at

harmioss scharge Rarmicas ischarge

et 800 1 Tate 600 1

Effect of improvements in discharge facilities at Tsuruda dam
(July 2006 flood event) 26
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Conclusions

This method enables the control of flood damage for many
flood events by reducing maximum discharge volumes
through preliminary discharge operations and so on, even in
the case of excess floods.

With this method, discharges can be kept to harmless
discharge volumes for many smaller floods.

To minimize the risks posed by rainfall prediction errors, it is
necessary to correctly understand the characteristics of such
errors, and reflect that in any flood control decisions.

For those dams where the capacity of spillway gates and so
on is insufficient, it is desirable to remodel them so that
preliminary discharges etc. can be carried out effectively.

27
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-6. Lecture

“Sediment Disaster Forecasting and
Warning System”

Mr. Masaki MIZUNO
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Sediment Disaster Forecasting
and Warning System

SABO (Erosion and Sediment Control) Division
Research Center for Disaster Risk Management
National Institute for Land and Infrastructure Management

Masaki MIZUNO

T_oday’s topics

1. Sediment Disaster Warning and Evacuation Critical Rainfall
Setting Method (The conventional method )

2. Study of a new CL setting method (Setting CL using RBFN )

3. Sediment Disaster Forecasting and Warning System in
Japan (Preparation and Announcement of Sediment
Disaster Warning Information)

4. Actual operation of sediment disaster warning information
system

Erosion and Sediment Control Division / 5;

National Institute for Land and Infrastructure Management
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(The conventional method ) _ . .
Sediment Disaster Warning and Evacuation Critical Rainfall (sabo
departments) Disaster occurs

Unreal Area : range where y<x
*Because continuous rainfall is not
greater than 1 hour rainfall.

|
i
e IT.T"".

1 hour rainfall

Continuous rainfall

= S Sediment Disaster Occurrence Elapsed time
S = Risk Critical Line - .
s — (Critical Line : CL) @ Disaster occurrence rainfall
S O 8 ) @ Disaster non-occurrence rainfall
S S )
ke - o
'-IE —
S
= anger range
= o
273
n .2
>
o
(5]
N

Coterarge )®
a erange
° [ ]

Long period rainfall index y2
(equivalent to continuous rainfall etc.) | Am—

Soil-water index (Japan Meteorological Agency)

During the past few

I rﬁ
| (Soil — water index}) years, the danger of

sediment disasters

occurring has
increased.

Sediment disasters such as slope
e liff failures are

yre to the quantity

Radar — Amedasu analysis stored in the soil

rainfall '

Short period rainfall predictiof

% ; At the same time as the
R 7 fallen rainfall gradually
" > / ain seeps into the soil from the
Soil — water index b surface, pit asses through a
7

Present soil water content and number of levels and is
historical sequence discharged elsewhere. This
seepage and discharge
process is modeled by the
three tanks arranged
vertically as on the left, and
the total of the quantities
stored in these tanks is
called the soil — water index.

[ Past historical information J

Applied to rainfall cautions and
warnings
Improvement of disaster prevention
and weather information

At a meteorological observatory, in circumstances where a heavy rainfall
warning has been issued, a comprehensive judgment is made according to

the soil — water index, meteorological conditions etc., and when the danger

of a large sediment disaster occurring is extremely high, the above “key :
word” is used to change the warning to issue an even more urgent warning. \
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(The conventional method ) _ _ _
Strong points and weak points of the sediment disaster warning

and.evacuation critical rainfall (sabo departments)

Sediment disaster occurrence
danger critical line

©
9] .- .
b (Critical Line : CL)| @ Disaster occurrence rainfall
© / ® Disaster non-occurrence rainfall
9]
= @
=) e o ® ®
.

(equivalent to 1 hour rainfall etc.)

Short period rainfall index

e o
:
e o

Long period rainfall index

(equivalent to continuous rainfall etc.)
+ Danger can be assessed according to the two rainfall indices (short period
rainfall and long period rainfall).

= Critical lines may be set subjectively. Land and Infrastructure Management

(The conventional method ) ) ) )
Strong points and weak points of the sediment disaster warning

and evacuation critical rainfall (sabo departments)

Sediment disaster occurrence
danger critical line

©
g (Critical Line : CL)

= @ Disaster occurrence rainfall
o P @ Disaster non-occurrence rainfall
[

=) ® o Y

o
Danger ran
.
o ©
] ]
.
o O

Long period rainfall index
(equivalent to continuous rainfall etc.)
- manDisaster data is needed to set CL.

Erosion and Sediment Control Division
National Institute for Land and Infrastructure Management

(equivalent to 1 hour rainfall etc.)

Short period rainfall index
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Study of a new CL setting method

How is CL set in a case where occurrence rainfall is rare
(non-existent)?
=>» Range where it is hypothesized that the sediment disaster danger

is low based on rainfall experienced in the past (safe range) is
specified (range with many experiences in the past).

De Lo Non-occurrence| rainfall

Rare rainfall is omitted

Unreal Area

from the average
-4 rainfall distribution

'''''

Short period rainfall index

Long period rainfall index

Study of a new CL setting method
Meshes are set and the frequency that the non-occurrence snake curve passes
through each is counted.

Pass through
frequency

: 30 times ~

20 ~ 30 times
10 ~ 20 times
5~ 10 times
1~5times

0 times

(197
g
<
©
0
o
c
)

"""""

Because a snake curve does necessarily pass through all meshes,
the pass-through frequency distribution is discontinuous (uneven).

= Subjective judgments are made to set the safe range.
Isn’t there a method of setting more objectively?

Erosion and Sediment Control Division
National Institute for Land and Infrastructure Management
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Study of a new CL setting method

Study of the applicability of the RBF network (Radial
Basis Function Network)

1Ay

Gauss function P

hj(x)= exp(—“x —; Hz/rz)

Input layer Intermediat Output layer
(n) e layer (m) (1)

Learning by an RBF network

P m 2 .
E= %(Yi -0(x;)) + _lejo — Min
= = Erosion and Sediment Control Division
National Institute for Land and Infrastructure Management =
Study of a new CL setting method
Image of Task of Preparing the Range of the Aggregate of Points
Judged that it
(a) occurs rarely (b)
d °
. Judged that it
«— lcannot be e @
....................... called
0o’ o, ¢ [@naggregate. | ggfe, o
se 0 0%, o T “o
0q ®
* "o".: :.‘ * "o":o"
® o b ° 4% o " °
. 1 : T :
Drawing a line here while Drawing a line using
considering the overall calculation results
situation
Erosion and Sediment Control Division
National Institute for Land and Infrastructure Management 51" : 1o,
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Study of a new CL setting method

Gauss function

° | ® Non-occurrence rainfal

o ® o o Non-occurrence
rainfall learned as [1

Height 1

Unreal Area

Short period
rainfall index

Long period rainfall index h; (x) = exp(-|x—¢;|*/r?)
Gauss functions are superimposed to set the response curved
surface (0=output value (elevation) =1)

x
\ é 0 5 Probability Degree
iy yalue = : Nomoccutente e (¢
Probabl\“y g = < 10 danger
1 4= 50 8
038 K= £ 08 Low
& py = - s
0.2 .
N g §)“3§ ® 0.4 I
: N
The range with many 7 ¢ o S 7 & & 2 2 2
non-occurrence  p,. & DPery, oo 5 § Fr egree
rainfall data (elevation “a/y in s 5 o of
is high) indicates a dex 0 50 100 15 200 250 300 danger
low degree of danger. Long period rainfall index H*'g—h,u
Study of a new CL setting method
From the response curved surface set based on non-occurrence
rainfall, an optional equiprobability value line is abstracted
(slightly corrected to prevent contradiction with phenomenon)
70 70
~ < E
g_c éso 3 Eo <>]<) 50
=2 2° K =2 g%
Eo = c =
[ N 30 = o =— 30
§ +— ('_520 © + q('_U
Z\ B qE % = 20
‘g% § 10 3 f) § 10
I 0 T 0 : .
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Long period rainfall index Long period rainfall index
(Soil — water index (mm) ) (Soil — water index (mm) )

An equiprobability value line judged to be suitable

according to its relationships with the false alarm rate,
frequency warnings are issued, and rainfall warnings is set. )
= Objective CL can be easily set. Erosonand Seciment ConvaDivion '\

National Institute for Land and Ir ire N it
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Results of applying the new CL setting method

00 -

g

N

o : o - : E
< o rainfall =IO rainfall < ]
£ 80 - IS 1S < £ 80 - [l
E ' £ B E '
= £ — 8- = c
= 60 - el = = = 60 - i)
= 3 =

= £ e <

€0 g S
> B >

£ = =

2 2 2
T2 T o T2

0 100 200 300 400 0 100 200 300 400 500 600 0 100 200 300 400
Soil — water index (mm) Soil — water index (mm) Soil — water index (mm)

e
]
S
=
o
s

= o ainfa =100 ainfa = g
£ 80 I £ < . £ 80
£ © £ © cee S ©
= o gl © = o
= 60 [= — c = 60 [=
q(E =) ﬁ =) \‘(E =}
£ E% £
S a0 [ S a0
> >0 >
3 % 3 32
I T I

0 0 0

0 100 200 300 400 0 100 200 300 400 500 600 0 100 200 300 400
Soil — water index (mm) Soil — water index (mm) Soil — water index (mm)

For what kind of region can average rainfall distribution be easily reproduced
= Using the RBF network to set CL is judged effective.

Erosion and Sediment Control Division /
National Institute for Land and Infrastructure Management 51"}

Merits of using an RBF Network

® CL can be set using multiple non-occurrence rainfall data, even
in regions where there is little disaster data or where there is no
disaster data.

® The safe range can be specified automatically based on rainfall
distributions experienced in the past (extremely objective).

® The specification of the safe range can be automated to a certain
degree using the RBF network, so efficiency can be greatly
improved.

* CL must be set for all meshes (380,000 meshes nationwide:
approximately 80,000 meshes/1 prefecture), and the conventional CL
setting method is very time consuming and laborious.

The result @

This method is adopted to set the sediment disaster warning
information preparation and announcement standards.

Erosion and Sediment Control Division I
National Institute for Land and Infrastructure Management 471" 14,

-271-




CL setting methods using RBF Network

CL setting methods when using RBF network with sediment disaster warning
information:
(1) CL is set for each mesh unit of the data provided by the Meteorological Agency
(2) CL is set for meshes without disasters applying the standard value set in
municipality units with necessary modifications.
(3) CL is for meshes with disasters considering the captured disasters.
(4) CL is set considering the lower limit value of the soil — water index.

Standard form of the Setting CL using RBFN

Sediment disaster occurrence
danger critical line
(Critical Line)

o
[«5)
-
<
<
[<5)
—
[
-]

60 minute cumulative
rainfall (mm/hr)

2nt Control Division

Soil — Water Index (mm) icture Management 7" "5,

Sediment Disaster Forecasting and Warning System in Japan
preparation and announcement of sediment disaster warning information

Basic information on [IRE GGV ¢:| I —
sediment disasters sabo office unicipalit

Supply s a government service

uollendens
uoliendens

A|1ea Jo uoijezijeay

Supply of new cautionar
sediment-disaster
information

Rales for appropri
information suppl

ate | Prefecture d/
(fire-defense an
disaster-preventian)

Weather advisories  |NYEEU1:g
and warnings v .
observatory TV and radio

Communication based
on law

Flow of information newly supplied
through coordination and cooperation
between the sabo office and Japan
Meteorological Agency

| 2 101ISIP Ul SYUBpISay | |ﬂ JLISIp Ul sjuspisay ‘ ‘ W 10LISIp Ul sluap!saa|

Erosion and Sediment Control Division
National Institute for Land and Infrastructure Management 1" "16."
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Example of cautionary sediment-disaster information

Cautionary sediment-disaster information time:AA DaeOOO

for AA Prefecture, item No. X Jginftar:nouncegenégygk |
Municipality in which warning issued: refecture an egiona

P . Weather Observatory
CC district, DD City

It is expected that the danger of sediment disaster due to heavy rains will rise
significantly within the next two hours. Please take thorough steps to provide
warning in sediment disaster-prone areas and surrounding areas. It is expected that
the maximum rainfall in municipalities targeted by this warning could reach 60
mm in some places over the next three hours.

Explanation
Municipality in which warning

- -~ Region in which seismic
--- intensity was ?? or more
during the EE Earthquake

/// Area of actually measured heavy

rain (30 mm per hour or more)

|::> Length of arrow corresponds
to hourly movement distance

For inquiries, please contact:
Sabo Office, AA Prefecture: 111-111-1111
BB Regional Weather Observatory: 222-222-2222

Erosion and Sediment Control Division _
National Institute for Land and Infrastructure Management ™"\ 1%

Actual operation of sediment disaster
warning information system

1. The CL is set for each 5 km mesh.

{0
- v
RO
A
el
A7 T2
f T8 f)
ML T
2 L
[~y EEER)
h < ®DInabe City @lga City @ Tsu City
L] 1
LN EIN e
/4 51 9
ZviliaL
ik o
= e Fao —
\ <L A=
G i L I==\
{ ] F ol A
SH Sl e
Xl i) s st it
©hias i i i
nvad @ise City ®0odai Town ®Kumano City
] Erosion and Sediment Control Division . _
~ — Y’ National Institute for Land and Infrastructure Management 51" 18
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Actual operation of sediment disaster
warning information system

2. The snake line is drawn using both actual (observed) rainfall
data and predicted rainfall data.

¢ 15 Step: Draw a shake line

X axis -> Soil rainfall index Announcement of sediment-related

. . . s disaster precaution information
Y axis -> 60-minute rainfall & at this point
Both are actual (observed) data. 5
« 2nd Step: Forecast a snake line after one 5 CcL Exceed CL line

hour and two hours
Points in one and two hours later are
estimated using rainfall-forecast data.

+ 31 Step: Judgment
If the points in two hours later locates
outside the critical line (CL), the
sediment disaster warning information is
issued.

Forecast rainfall
after two hours

Forecast rainfall
after one hour

precipitation / 60min.

Snake line (actual rellinfall)

Soil water index

Actual operation of sediment disaster
warning information system

3. The sediment disaster warning information is issued for the
unit of each municipality.

(Sample )

This is because the municipality has SHALHUEEANE BI8
responsibility to issue emergency
calls to the residents.

ey
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Example : Case of sediment disaster occurrence by
heavy rainf in Yamaguchi Pref.

The case of actual sediment disaster
happened on July 21, 2009 in Yamaguchi Pref.

Erosion and Sediment Control Division \
National Institute for Land and Infrastructure Management 51" 21

Example of snake line progress using RBFN

« On 21st July 2009, 65 debris flows and 105 slope failures occurred in Yamaguchi Prefecture.

« 14 people died as a result of these mass movements.

« The time series of 60-min rainfalls and soil-water index, the timings of occurrence of debris
flows and slope failures, and the period of early-warning information issue are shown in the left
figure.

« The progress of the snake line and the timing of the disasters (red box) in the damaged area are
shown in the right figure.

100 Early-warning Information 300 100
- Debris Flows (24) — L
= a0 m 60-minute cumulative — 90 | P A Li
E ranfal € Slope Failures (4) Snake Line
E g || —sekwaterindex 250 E 80 +  Cocurrence
k] E B
£ 70| Debris Flows: 200 E § 70
o 60 Number of Occurrence: 24 e g 60 +
2 50 Slope Failures: 4 =z 50
g Number of Occurrence: 150 E %’
E 40 o E 40
3 & 3
© 30 00 = g 30
e T 2 L
g2 0 7 E ?g v/
(=1 2 Py "
e 1 “ 0 _.,i\.'_/[_. —rd
0 g & 8 8 8 8 & 8 8§ g =g 0 0 50 100 150 200 250 300
T 2 2 g 2T 2 2 g 3 2 = soil-water index (mm)

The disasters occurred when the snake line exceeded the CL and went into the danger range
—CL adequately captured the timing of these disasters occurrences

INAUUTIE THISULULE 1UF Lal U al U 1THTASUUGLUIE Vidiiageniernt (AN 2
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Thank you for your attention

Erosion and Sediment Control Division lréf %22

National Institute for Land and Infrastructure Management 571
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-/. Lecture
“I'TS Deployment in Japan”

Mr. Fumihiko KANAZAWA
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e S T T
~__ The19th Conference on Public Works Research and
- = d Session on Intelligent

== = = = = = = = = A
November 2010
Fumihiko KANAZAWA

ystems (ITS) Division,

As =
Ny ey

Definition of Smartway

Smartway: a road system which can exchange various types of information
among cars, drivers, pedestrians, and other roadway users.

Foundation for affluence and

Foundation for the deployment

of various ITS services comfort in life and society

*Realize efficient mobility for people,
goods, and information

*Realize integrated ITS to provide
safe, smooth road transportation *Realize comfortable living spaces
and positive environment.

+Build infrastructure that provides
safetv and security

Communication

AR SN O e A T A
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Smartway Project Advisory Committee established as the core
of industry-academia-government collaboration (2000)

Smartway Project Advisory
Committee

Proposals based on social and

technical trends

. u

Working groups under the
Smartway Project Advisory
Committee

Smartway Partner Council

o

Private companies and organizations

Joint research on the Next-generation road service system (2005-2008)

Public-private joint research with 23 companies

Joint development of roadside equipment and onboard units

= —

-
S TS

* “ITS Enter the Second Stage: Smart Mobility for all” ‘
(A proposal by Smartway Project Advisory Committee: Aug. 2004)

* Public-Private Joint Research ‘
(Drafting of technical specification)

» The Smartway open trial Demo 2006
(Tests on NILIM’s test course: Feb, 2006)

¥

* Publication of technical specifications

$
* Smartway 2007 Demo & ITS Safety 2010

(Tests and demonstration on public roads)
¥
* Nationwide deployment
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» Categorization of problems to be solved

» Service definition

» Setting service evaluation index and method

— Development of service applications

\ 4

* Tests using driving simulators

¥

* Driving tests on test course

\ 4

 System verification tests on public roads

$

* Driving tests on public road

=
L
S TS
Various applications
1995 2001 2009 and bexow _— . bp ;
LLL L] ; Providing wide area traffic
e ‘ information
eAudio and visual Various
eTelematics . idi ic i I 1
e media Proyldlng traffic lnformatlor_1 in
' manufacturers) 0 7 easily understandable audio
- ¥ form
Car Car
navigation i navigation Providing information to
— VI ivi
35 million Cs s support safe driving
units onboard Providing information at parking
24 millio TS areas, and rest areas
units ETC L,
N =
/7J — |losre DSRC
Providing 26 million \
Information units p \\ Private sector services
' Utlization ‘ — : Providing information
[ ) : serviees rateQO % (Services) :  based on requests
[ :onbom ‘coIIFei?ior]J :  Cashless payments

----------------------------

-2

81-




| — |
Expansion of Next-Generation ITS -

+ Car Navigation system and ETC evolve and integrate, then various services will be
realized all in one.

» These services are realized by the high-speed and large-capacity communication
(5.8GHz DSRC) between the “ITS Spot” installed on the roadside and the in-vehicle
car navigation system corresponding to the ITS spot services

* Various services such as providing wide-area traffic information or image are
realized by the high-speed and large-capacity communication

ITS spots are deployed nationwide (around 1,600
units are installed mainly on expressways)

Car navigation system corresponding to ITS spot
services have been released on October 2009

Car navigation system
corresponding to the ITS Spot

- — A
Deployment of ITS Spots o e

» Around 1,600 ITS spots are installed mainly on the expressways nationwide

» Around 50 ITS spots are installed at the expressway rest areas including Tomei and Meishin
Expressway and Michi-no-Eki (highway rest areas).

For example, on the Tokyo Metropolitan Expressway,
321TS spots are installed in FY2009, and 166 ITS

spots are installed in 2010

ITS Spot will be installed around every 10 -15 km including the points of be
o guanvakmon ity

fore Junction (around @ in service ®: service will start on the winter in FY2010
| expre wa

ALOXOIRSIWEYS, saen e i : RSP S e P Y

90 points) on the intercity expressways and arol
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» 5 manufacturers release car navigation system corresponding to ITS Spot (as of
June 2010)

» Around 10 million units will be shipped in 5 years (estimated by ITS Japan)

Toyota [released on October 2009] Pioneer [released on October 2009]
‘ Popularization Estimate of Car
m | Navigation System Corresponding to
ITS Spot
10
e thousand
y -
.r 5 e
-
s == q % Around 10M units
: s | will be shipped in
300! 5 years
- -
Panasonic [released on March 2010] 250
Mitsubishi Electric Co. o Mitsubishi Heavy Industries 200
[released on October 2009] === _[relevaseq on March 2010]
= ¥ N 150
100
50

1styear 2M year 39 year 4" year 5 year

Source: ITS Japan

: ——
— -
E=

ITS Spot Services will be launched after winter of 2010.

B |TS Spot services include three basic services.

Three basic services
Dynamic route guidance Smarter route guidance considering
wide area road traffic data
Safety driving support Preventing from scaring drivers by
previous cautions
ETC Electronic Toll Collection
Other services

Access to the Internet at highway rest areas (accepted by
some car navigation products)

Update digital road map database in car navigation system

E More additional services including fee settlement, sightseeing guidance and
commercial vehicle support will be deployed in the future.
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e : ———
?ynamlc Route Guidance .
Providing travel time data of broad area sishieaid
o Required travel time data of the entire metropolitan areas is provided to enable car
navigation systems to determine the optimum route with real time data.
o Road networks can be utilized effectively.
| From TOHOKU Expressway | | From TOHOKU Expressway |
A\ -
//
Area of Service| \\
FM-VICS in \\,C
SAITAMA \
Prefecture L \
s >~ )
Destination / ( =
> C'/ —\ Area of
o ) T ‘ Service
™~ ~ (ITS Spot)
> 7
e e 1

[RRESISting safety driving =, A=
Reducing close-call experiences by alerting drivers in advancé&™ s

© Though ITS Spot usually provides road traffic information, in unusual case, ITS Spot
provides safety driving support information with considering road conditions.

e - - - -
Cautions of obstacle on road ) Caution to notify traffic congestion beyond
) Traffic accidents occurring in only 2% of length of the
On the Metropolitan Expressway, about Metropolitan Expressway account for about 20% of all
50,000 obstacles are found every year. accidents on the expressway. (That means these 2%

sections e
(on average, 140 per day and one in 10 Caution: r -
minutes) 60% of rear-end type -

[ Congestion
collisions have been ar?ead.
reduced at Sangubashi
Curve.

TMC broadcasts caution simultaneously

Obstacle left lane.
Drive carefully.

N\
J

Providing still images of snow, fog and other
weather hazards or traffic congestion in tunnels.

I H4

1
i e ot & AZETPUIVND e [T i Hod 3 o WL TR O

Cautions are provided previously
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» Access the Internet via car navigation system in highway rest area

» Enable to update digital road map database in car navigation system

Sightseeing information

Internet access

Entrance

. ——
— -
E=

o Collection of probe data* from vehicles will enable you to comprehend and to provide
detailed and high accurate traffic information.

[ Providing Road Traffic Information ]

' [ Managing roads and traffic ]

i

= *Probe data: vehicle position and
\ . speed data which were acquired
T when each vehicle travelled

Additionally
© Make levels of route services transparent in good accuracy
o Grasp tasks in local transportations accurately then take advantage of it to
low cost and efficient measures

Conventional observation methods Continuous high-accuracy observation by ITS

[ Speed: Point survey of travel speed] -[ Speed  Collecting ravel time data in ]
survey section

Traffic volume: Manual traffic count survey Traffic volume 365-day 24 hours
Every-five-year Road Census observation
(one-day survey in autumn) Use of traffic counters 13
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mUtilize probe data for collecting and analyzing traffic flow information

Effective road plan High density traffic information
Performance Measurement using probe data
Information Provision for avoiding traffic jam
Bus location system

=» -High-developed operation and Management of road services TO-TE kD

*Reduction CO2 emission and energy saving as optimizing traffic flow ERNERNE
in the road network

‘ Traffic Control Center ‘ Performance
measurement

To use optimal route,
y. - 20% cut down travel time
® ® - 17% cut down CO2 emission

Source: ITS Handbook Source: Nissan

SN UT TS o oo LU

——— |
it

» Travel record of a vehicle installed an ITS on-board unit is acquired

» CO2 emission is calculated by a travel record

Calculation each route is possible (for example, each of urban expressways, intercity
expressways, ordinary roads)

CO, emission by 200

each road 186.6
150 — — |
St 156.3 148.8
£ %0100 — E— |
5 S
o & 50
(&)
0 .
Metropolitan Chuo Ordinary
expressway  expressway road

[The calculation formula of the CO2 emission]
A gasoline-powered car (kg CO2) = d{2019/v - 2.087v + 0.01865v2 + 156.05}
v: Average travel speed (km/h)  d: distance (km)

The source Fuel consumption rate in the vehicle travel and CO2 emission coefficient,
__E_Enginger_ir_]g(\ﬂ/prl_(s tec_h[][gg[qqpumqntatiqn 4%11(_2‘00‘1‘):, T Ty enrm— 1? "
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© Public private joint services using networked ITS Spots (such as payment
sightseeing guidance and logistics support)

© Promotion of public-private joint research

Paying by credit card while in the vehicle Utilizing management of commercial vehicles

Management of
commercial
Vehicles

Server Private

Server

Facilities Information
Provision at entrance

Server

Payment by credit
card (EMV Payment)

Btk \\qé- T
:.;] Uplink _

s Information

1 provision

Lall. .. |

Entry gate Exit gate

oUnder establishing the standards of payment services oUnder establishing data formats
-
= e
Extensive services by the private sector are provided through ITS OBUs
(with a high-performance, open platform including multi-application capability).
Pro_vision of ir_]formatiqq o0 Management of Logistics
tourism and leisure facilities.
Provision of services and adoption of ITS OBUs,
rimarily on expressways
e ¥ F
i = _a",.,.
Y& F L -
Regional Road Traffic Information
Assistance System for — ———
Vi Istributing electronic aas,
Existing VICS services Safety Driving etc. for outlet stores
(24 million VICS) The current travel time to
is about ___ -
minutes.
= ETC N
Text Displ Improved security at
e (26 milion ETCs) P tranaae
(Utilization rate: 80%)
: : " Client management
Slmp: Dllagmm Hap Display Providing traffic information in
T audio form (highway radio)
i 4 Vi Mo M A BAM S e i
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Thank you for your
attention
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-8. Lecture

“Actions of road traffic measure to
contribute reduction Greenhouse Gas
from transport section and
Improvement of air quality on roadside
In Japan”

Mr. Manabu DOHI
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1. Reduction Green House Gas from transport section Al

(1) CO, emission from transport section in Japan

N
- CO, emissions from transport have been decreasing after peaking in FY 2001(-12%).
- GDP has increased 11% from FY 2001 to FY 2007.

CO2 emission - GDP
(million t-CO2) FY 2008 definite value trillion yen
o . Gags- [ FY 2010 target*
—_ 1LE% = Ny
e 263 |'—_§__L 267 2.0%

B SN ALY,
# o | I 25 240
L s | - e e e e A A | e smnnn
it |

150

Vs

100

IR0 VER] PRED 1RG3 IR UREE VPR TFRT TRRE TRER 2000 2001 DOOT 2001 2004 2008 D004 DIOT J00E J00R 2010

h : i, rail hi iati i
Other modes : bus, taxi, railway, ship, aviation * FY 2010 target, the best-case figure under the Kyoto Protocol

Target Achievement Plan (March 28, 2008 by cabinet resolition).

1. Reduction Green House Gas from transport section m

(1) CO, emission from transport section in Japan
[- 16% of CO2 emission is from Road Transport, ]

- 2% of CO2 emission is from Public Works(Road)

1)Road Transport
Vehicle 16.4
Transport public works )
Materials 0.2
Total Japanese 2)Construction machine
GHG in 2005 ;
1354.5 mil. ton Public Wor.ks .
(CO2) (Road Construction site) >
0.3%
3)Construction Materials
Public Works Materials
Industry, Hose hold, etc.. 1.6

y,
Public works(Road) 2.1% 4
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1. Reduction Green House Gas from transport section A
(1) CO, emission from transport section in Japan
- Mainly from Cement and Steel
- LCCO2 is important
in Road Related Public works, 2005
Asphalt Mixture
Freight Transport Sand,
Electric Power Gravels
T "
Cement )
Cnst. Froch HH % ! | Others
Machines Congrete ProductsT] tlrar]sport ::
I I% ol
0% 20% 40% 60% 80% 1009
5
1. Reduction Green House Gas from transport section Fat

(2) Law system about prevention of global warming in Japan
olLaw concerning the promotion of the measures to cope with global warming

- Setting of “Kyoto Protocol Target Achievement Plan”

- Requires enterprises with more than certain scale to report GreenHouse Gas

emission

Aim of CO2 emission reduction by sector based on Kyoto Protocol Target Achievement Plan

Base year | FY 2010 emission yardstick
Total
Million t-CO2|Million t-CO2| emissions vs. | | Greenhouse gas
base year reductions at left,
— including carbon-|
Energy CO2 emissions 1,059 1,079 1,089| 1.3% +2.3% sink measures
Industrial 482 424 428 -4.6% -4.3% and Kyoto
Clerical and other 164 208 210 +3.4% +3.6% | |mechanisms, will
Household 127 138 141 +0.9% +1.1% | | work to meet the
Transport 217 240 243 +1.8% +2.0% Kyoto Protocol's
Energy conversion 68 66 -0.1% obligation for a
Non-energy CO2/CH4/N20 151 132 -1.5% 6% reduction.
Three gases (e.g. HCFC) 51 31 -1.6%
Total greenhouse gas emissio 1,261 1,239 1,252 -1.8% -0.8%

Road measures on emission reduction in the Kyoto effort Targeted reduction 4+ million ton

1. Various and flexible discount for expressway use: 0.2+ million ton

2. Development for better bicycle use: 0.3 million ton
3. Promotion of ITS including ETC and VICS: 2.6 million ton

4. Reduction of road work: 0.7 million ton
5. More efforts on eliminating bottleneck railroad crossings: 0.2 million ton

In addition,

- More environmentally vehicle

- Modal shift

(More use of public transportation)

- Smooth

er traffic flow

- More efficient logistics, etc.
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1. Reduction Green House Gas from transport section

(3) Basic Idea of CO2 emission reduction from road traffic

- Demand : Traffic closely concerns to economy and life of people
- Supply : Mode share, Infrastructure, Vehicle and Fuel affect on traffic condition

People’slives
Improvement of Welfare

EconomicActivities
Economic Growth

Freight transport

Traffic

Passenger transport (Market)

CO, Emissions

CO, Emissions =  Activity X ModeShare X Efficiency X Fuelcarbon content

passenger tankto wheel

freight traffic efficiency
Source : OECD/International Transport Forum, REDUCING TRANSPORT GHG EMISSIONS Opportunities and Costs
URL:http://www.internationaltransportforum.org/Pub/pdf/09GHGsum.pdf 7

Vehicle
Fuel, Energy
Mode share

Infrastructure

well/field to tank

1. Reduction Green House Gas from transport section

2|

(3) Basic Idea of CO2 emission reduction from road traffic

- Every Sector improve their indicators

- Reduction of GHG in not only for Vehicle Sector, but also for Road administration

sector
Trip | Wheel | Engine| Tank = Well CO, |
CO, =|— P | pafmasy gt o o4 Fconomy
@ Ecanamyi Trip | Wheel | Engine| Tank Well |
Mode Fuel Fusel Fuel
Bctivity ft Efficiency EMciency Choice
[engine to {tank to
wheel) engine)
Each Clause Image of Clause Example of Reduction measure
Trip / Economy Traffic Demand with Economic Activities | Compact City, Car sharing
Wheel / Trip Modal share More use of public transportation

Engine / Wheel Improve of Traffic Efficiency

Smoother traffic flow

Tank / Engine Improve of Transportation Efficiency

Improved fuel economy of individual car

Well/ Tank CO2/well | Fuel Choice

Hybrid vehicle, Electric vehicle
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1. Reduction Green House Gas from transport section

(3) Basic Idea of CO2 emission reduction from road traffic

- Accouding to relationship between travel speed and CO2 emissions, CO2
emissions are higher in low-speed and decrease as travel speed increases.

- So, on congested roads, traffic flow smoothing to move traffic to optimal speed
zones is an effective means of reducing CO2.

400
““"‘ - -
i °, Speed zone that requires smoothing of
€ 300 7‘.‘ s, | traffic flow (anti-congestion measures)
§ “
o *
Q
2
2 200 - \
g easEEEEag,
E o~
w . 0
8100*77777%_. e — —
© Environmentally
optimal speed zone
0

10 20 30 40 50 60 70 80 90 100 110 120
Average travel speed (km/h)

2. Improvement of air quality on roadside A

(1) History of Air Pollution in Japan

1) About 1885 : Ashio Copper Mine Mineral Pollution Incident
Farmland pollution by Cu included effluent, Lacked forest by poisonous gas,
so efficient of soil collapse and flood expansion

2) 1950 - 1970 (high economy growth period in Japan)
Break out Four serious environmental pollutions :
Minamata Disease, Niigata Minamata Disease, Itai-Itai Disease (Water
pollution by caused Hg or Cd included factory effluent) ,
Yokkaichi Asthma (Air Pollution by caused SOx discharge from petrochemical
complex, Healthy influence on respiratory systems such as asthma)
So, in 1967 Japan established Basic Law for Environmental Pollution
(Current Environmental Basic Law), and Introduced of air quality standard
and regulation regarding factory effluent gas and automobile emissions etc.

3) 1970 — 2000 :
Occur several lawsuit about air pollution on roadside,
Inhabitants are concerned about healthy influence by caused automobile
emission (NOx, PM)
Now Nation reach reconciliation with plaintiff, but carries out meetings about
improvement action several times a year.

10
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2. Improvement of air quality on roadside

(2) Discharge process of air pollution material
_| Primary Pollutant I_

Human Origin

4| Secondary Pollutant I—

1
Stationary Source ',.\‘ Ultraviolet Rays

Factory / Business establishment,
Power station, Incinerator, Dust

Photochemic
outbreak institution, etc.

al Reaction
Primary
Pollutant

2 @)
(@]
Mobile Emission Source °

Cars, Ships, Airplanes, Machine of
Construction / Agriculture, etc.

Adsorption —

. Extinction
Natural Origin

Soil, Ocean, volcano, Forest fire, etc.

11

2. Improvement of air quality on roadside -.I.{..‘;
(3) Law system about Air pollution in Japan
oBasic Environmental Law

- Typical 7 environmental pollution (Air pollution, Water pollution, Soil Contamination,
Noise, Vibration, Ground Subsidence, Offensive odor )

- Regulates environmental quality standards regarding air quality
o Air Pollution Control Law
- Regulates maximum permissible limits of motor vehicle exhausts

- Regulates maximum permissible limits on the quality of automobile fuel and on the
quantity of substances in automobile fuel

- Requires local governments to monitor constantly and report the level of the air
pollution

olLaw Concerning Special Mesures for Total Emission Reduction of
Nitrogen Oxides and Particulate Matter (Automobile NOx PM Law)
For areas where air pollution is remarkable (three major urban areas),

- Requires prefectural governors to formulate total emission reduction
- Regulates more intensive limit of motor vehicle exhausts

- Requires enterprises with more than a certain number of vehicles to submit
emission reduction plans

oEnvironmental Impact Assessment Law
olLaw Concerning Pollution-Related Health Damage Compensation

12
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2. Improvement of air quality on roadside

A

(4) Standard and Achievement about air quality in Japan

Achieve ratio of Standard 2008

(PM2.5)

exceed 35ug/m?

Year
Substance Started Environmental conditions MGe!‘tef?' '\'}03}35@9
onitoring onitoring
ndar
Standard Station Station
Sulfur dioxide Daily average for hourly values shall 99.8 % 100 %
1973 not exceed 0.04 ppm, and hourly 1 1605/ 1 :71 . 7ot /7; .
(S02) values shall not exceed 0.1 ppm O9SL AL AT St fest
; iy Daily average for hourly values shall
Nitrogen dioxide Y 9 Y 9 9
9 1973 be within the 0.04-0.06 ppm zone or 100 % 95.5 %
(NO2) 1978Update | |/ it zone 1,366st. / 1,366st. 402st. / 421st.
Suspended Daily average for hourly values shall 99.6 % 99.3%
Particulate Matter 1973 not exceed 0.10 mg/m?, and hourly 1416 "/ y :22 " 400 t'/40°3 .
(SPM) values shall not exceed 0.20 mg/m3 A0St 7 gesst St 14038t
Daily average for hourly values shall
Carbon monoxide 1973 not exceed 10 ppm, and average of 100 % 100 %
(CO) hourly values for any consecutive eight 73st. / 73st. 276st. / 276st.
hour period shall not exceed 20ppm
Photochemical 1973 Hourly values shall not exceed 0.06 0.1 % 0%
oxidants (Ox) ppm 1st./ 1,148st. Ost. / 30st.
particulate matter Annual average shall not exceed . .
During construction
less than 2.5um 2009 15ug/m3, and daily average shall not uring He

of Monitoring System

2. Improvement of air quality on roadside

(5) SOx (Discharge situation by source)

FY

1,200
B Stationary Source (Other)
O Stationary Source (Industrial)
1,000 I O Stationary Source (Fuel burn) |
B Stationary Source Power Station
— O Mobile Emission Source (Car, Ship, Airplane
§ 800
o |
§ 480
= 600 (484 )
2
2 393
5 (520 )
x 400
@)
%)
200
218
(220 ) Decrease 52.8
0 . (136 )
1990 2005

OECD, OECD Environmental Data Compendium 2006/2007, Air

14
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2. Improvement of air quality on roadside AI

(5) SO, (Trend of annual average concentration)

Trend of SO, annual average concentration

0 OJE:me ~o-General Monitoring Station -1 Roadside Monitoring Station

5|
0035

0.030
0.025

0.020 \\‘
0.015 \..R
o010 v\‘u."'-rr.ll‘

SO, annual average concentration

OO O
COOC LA A A o
OO0

0.005 <
0.000
1970 1975 1980 1985 1990 1995 2000 2005
Reference: “Air quality Condition” MOE website FY
15
2. Improvement of air quality on roadside Al

(6) NOx (Discharge situation by source)
3,000

B Stationary Source (Other)
O Stationary Source (Industrial)
2,500 O Stationary Source (Fuel burn)
B Stationary Source Power Station
O Mobile Emission Source (Car, Ship, Airplane

2,000

1,500

NOx Emission [1000 ton]

1,000

500

1990 2005
FY

OECD, OECD Environmental Data Compendium 2006/2007, Air 16
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2. Improvement of air quality on roadside

(6) NO, (Trend of annual average concentration)
Trend of NO, annual average concentration
ppm
0.060 ;
_— - General Monitoring Station
1
! [ Roadside Monitoring Station
5 0050 ! --Roadside Monitoring Station inside area of Automobile NOx PM Law
B st v i
1
& 00s0 [ & o |
§ L . 1
! 1 T
9 . By oo poeoe !
g 0030 | LT e iy ¥ ¥ T
3 ¢ ? 1 1 1 Bna
© ! e i =
] @ : : 1
g 0.020 ; T |
1
8 : o? oo, 0000000000000, 0d b,
o 1 | : ! &
< 0010 ! New :
Environmental environmental ! ! !
standafd starts standard Total NOx emission Automobile NOx Automobile NOx
0.000 regulation starts law starts PM law starts
1970 1975 1980 1985 1990 1995 2000 2005
Reference: “Air quality Condition” MOE website FY
17
2. Improvement of air quality on roadside '{M
(6) NO, (Trend of achievement ratio of standard)
Trend of achievement ratio of NO, quality standard
100% SO0 OO
i 001:0()(}0 4 0000 0000 o v
1 1 1
90% i i ' i B-m
g 1 : 1 1 - o =
° 1 1 1
i i t ]
é 80% ! | | m_mg mm j:(
2> 70% : : = : | g . a o D :
3 ! N\ Bag " et s
3— 60% 1 1 [ a 2 1
J ! g /o
Z  50% : ! ! |
"6 1 1 1 1
2 ! N g\ _ﬁ !
g éno\%ro-.]mental ; envilc:‘:r‘::entalI | o |
5 standard starts sthndard Total NOx emission Automobile NOx Automobile NOx
£ 30% - regulation starts law starts PMlaw starts
% 20% | ©-General Monitoring Station
:‘S [+ Roadside Monitoring Station
10% - -[1-Roadside Monitoring Station inside area of Automobile NOx PM Law
% | | | | |
1970 1975 1980 1985 1990 1995 2000 2005
FY

Reference: “Air quality Condition” MOE website

18
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2. Improvement of air quality on roadside ﬁl

(7) SPM (Trend of annual average concentration)
Trend of SPM annual average concentration
mg/m3
0.100 ; T T
1 . . .
- 0090 ! ©-General Monitoring Station
S : ] - Roadside Monitoring Station
©
‘g 0.080 : -[-Roadside Monitoring Station inside area of Automobile NOx PM Law
s 0.070 i & | i
]
e oo ! By :
o ! = (] I:J 1 ] - 1
[} 1 1 1
3 0.050 H Soo i DDDDDDDDDDDD H
R ! ®oy Sk
= . ©
§ ! Iooo 00000000000005 @DD
s 0030 . ! $ o
o 1 1 1 <
9 0020 i !
1 | 1
0.010 Environmental Total NOx emission Automobile NOx Automobile NOx
0,000 standard starts regulation starts | law starts PM law starts
' 1970 1975 1980 1985 1990 1995 2000 2005
FY
Reference: “Air quality Condition” MOE website
19
2. Improvement of air quality on roadside #}l
(7) SPM (Trend of achievement ratio of standard)
Trend of achievement ratio of SPM quality standard
100% T 5]
©—General Monitoring Station : & M
T 90% [ ) o . I [}
_g - Roadside Monitoring Station 1
1
E 80% ~{1-Roadside Monitoring Station inside area of Automobile NOx PM Law : =]
[7]
g oo | oLk
s | . t 0¥ 6 AT Eé
s 60% | 1 o o< / }F : /
T : : & IR
% 50% X i & e b
1 1
£ 40w : ¥ 5 A
ol : i o wd u®
& i} Il L
g : o mos | | B
2 20% ! ' e i
2 ! I B /\ ﬁ |
T 10% i o - B '
© Environmental =i || 5] Automobile NOx
standard starts Total NOx emission Automobile NOx PM law starts
0% regulati_n S@arts 1aw Starts
1970 1975 1980 1985 1990 1995 2000 2005
FY
Reference: “Air quality Condition” MOE website
20
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2. Improvement of air quality on roadside

(8) CO (Discharge situation by source)
5,000

B Stationary Source (Other)

O Stationary Source (Industrial)

O Stationary Source (Fuel burn)

B Stationary Source Power Station

O Mobile Emission Source (Car, Ship, Airplane

4,000

w
o
o
o

N
o
o
o

CO emission [1000 ton]

1,000

1990 2005
FY

OECD, OECD Environmental Data Compendium 2006/2007, Air

21

2. Improvement of air quality on roadside

(8) CO (Trend of annual average concentration)

Trend of CO annual average concentration

m:_)rf;J ~©-General Monitoring Station -1 Roadside Monitoring Station

- |

40 |

35

3.0

2.5 v X
20

15

CO annual average concentration

1.0

05

0.0

1970 1975 1980 1985 1990 1995 2000 2005

Reference: “Air quality Condition” MOE website FY

22
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2. Improvement of air quality on roadside ﬁl

(9) Basic Idea of improvement of air quality on roadside

- Basic idea is to restrain emissions in outbreak source.

- Factor of air pollution is lead (Pb) of gasoline, sulfur (S) of light oil and nitrogen
oxide (NOx) , particulate matter (PM) , carbon monoxide (CO) occurring by engine
combustion process. So regulations regarding these matters strengthen step by
step after 1970’s.

- Dust pollution of spike tire is recognized as a social issue in snow areas, so
prohibited from sale in 1991.

Gasoline, Light Ol

Engine

Vehicle

l

Pb,S NO PM,CO | Tire dust
N
CoO, 23
2. Improvement of air quality on roadside m
(9) Basic Idea of improvement of air quality on roadside
[ - In exhaust purification, it is necessary to control air fuel ratio adequately. ]
N Ae
. NOx ray Oxidation
1 P COHC —
P CO,, H,0,
2 e ' Reduction | O,, N,
© r
€| o, /| NOx -
[ . ]
S| s !B
© o |
ke CO._.- ;
& - —»| |+ Reasonable AF ratio
Rich  «—«— Air/ Fuel Rato —+— Lean =Rich 02
Purification characteristic of Three-way Catalyst to reduce emissions
Source : The Handbook regarding Automobile Techunology, Japan Automobile Manufactures Association, Inc.
24
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3. (1) Improved fuel economy of individual car ﬁl

1) Higher fuel efficiency standards

(- Fuel economy’s standard of Gasoline passenger vehicle are intorduced in 1985,
and strengthen step by step.

- About other car types, similar standard are introduced gradually.

- Japan adopt Top Runners Approach on discussion of fuel economy standard.

<History of fuel economy standard> <Summary of Top Runners Approch>
1979 : ol | — =
Establish of Law Regarding Rationalization of Energy Use | economy kISt —HAON ]
Settle of Standard in 1985 for Gasoline passenger vehicle (kmiL) iy 155V
1993 : |
Settle of Standard in 2000 for Gasoline passenger vehicle iy 1 -y
1996 : Settle of Standard in 2003 for Gasoline truck i e |
1998 : Amendment of Law Regarding Rationalization of e 5k iy 1 5L
Energy Use, Introduction of Top Runners Approach == T -
1999 : Settle of Standard in 2005 for Diesel passenger il
vehicle and truck, Standard in 2010 for Gasoline passenger ey 130y SRER=irEE
vehicle and truck S — 3 b o P
2003 : Settle of Standard in 2010 for Liquefied Petroleum i —
Gas vehicle Now Standard Next Standard
2006 : Settle of Standard in 2015 for truck and bus Source : MLIT website
2007 : Settle of Standard in 2015 for passenger vehicle and
small bus and truck
2010 : Now discussing Standard in more future
25
3. (1) Improved fuel economy of individual car %
HIRE
2) Regulation of Surfur in Light Oil
- About sulfur content in light oil, Japan reinforce step by step after regulation
introduction in 1976. (2007’s content is about one-500th of 1978’s. )
- About lead of gasoline, Japan realize completely lead-free by 1987.
6000
Non regulation |-——| ‘ ‘ ‘
= [ Regulation Introduction in 1976 |
(=N
£5000
=
b=
=3
5 4000
; | Regulation Reinforcement in 1992 |
3
@ 3000
S
[«5)
= 2000 |
> : n -
< «|Regulation Reinforcement in 1997
‘—é 1000 [ Regulation Reinforcement in 2004
[}
o I [ Regulation Reinforcement in 2009
0
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
YEAR 26
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3. (1) Improved fuel economy of individual car ﬁl

3) Regulation of car emissions (NOx, PM, etc.)

- About NOx emissions of Diesel large vehicle, Japan reinforce step by step after
regulation introduction in 1974. (2016’s value is about three-100th of 1974’s. )
- About other car types, similar standard are introduced gradually.

120
Non regulation ]-—‘ ‘ ‘

[__Regulation Introduction in 1974 |

Regulation Reinforcement in 1977

=

o

o
T

o5}
o
T

1 Regulation Reinforcement in 1979 |

Regulation Reinforcerr[ent in 1984 |
[ Regulation ‘Reinforcenient in 1988-1990 |
8| Renulatic‘m Reinforc‘ement in 1994 |
Regulation I‘?einforcement in 1997-1999 | |

[o2}
o
T

5
o

[ Regulation Reinforcement in 2003-2004 ||
[ [
[ Regulation Reinforcement in 2005 |
I I

N
o

egulation change in NOx emission of diesel truck upper 3.5 ton (%)

[ Regulation Reinforcement in 2009 I»;»I
[ Regulation Reinforcement in 2016 |
¢ \ : ;

0 I [
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
YEAR 27

3. (1) Improved fuel economy of individual car H{},

3) Regulation of car emissions (NOx, PM, etc.)

- About PM emissions of Diesel large vehicle, Japan reinforce step by step after
regulation introduction in 1994. (2016’s value is about one-100th of 1994’s. )
- About other car types, similar standard are introduced gradually.

120
Non RegurationH ‘ ‘

< [ Reguration Introduction in 1994 |
[=]
2100 | .
2
Se0 |
3 [ Reguration Reinforcement in 1997-1999 |
é 60
5
g 40 f
% [ Reguration Reinforcement in 2003-2004
é 20 | Reguration Reinforcement in 2005 |—>
=
: | | |
& Reguration Reinforcement in 2009 |

0 I ; : ; i

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

YEAR 28
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3. (1) Improved fuel economy of individual car ﬁl

4) Development of Next-Generation Vehicles

- For middle long term, it is necessary to shift to positive use of high electric energy
of energy efficiency from conventional fossil fuel.

oSo it is important that technology development and spread about new generation
vehicles such as electric vehicle, plug-in hybrid vehicle, fuel-cell vehicle.

@ _=p p—t

Flex-Fuel Vehicle ; Electric Vehicle

(gasoline/ethanol) #I E

o =1 00 Hybrid Vehicle
d

Natural Gas Vehicle — :
e I
Clean-Diesel Vehicle Plug-In Hybrid Vehicle . -.-"

Hydrogen Vehicle

¢

Fuel-Cell Vehicle

Source : Japan Automobile Manufactures Association, Inc. website29

3. (1) Improved fuel economy of individual car m

5) Promotion of spread about Eco-car

- Spread of vehicles satisfied latest emission reguration and fuel economy standards
needs a long time, because replacement of vehicle is about 5-10 years.

- So diffusion rate of vehicle satisfied latest emission reguration conformity is about
20-30 percent in 2010.

Trend of car ownership number by model year

01960 m1961 01962 01963 M1964 01965 M1966 01967 1968 @1969 01970 01971 W1972 m1973 1974 m1975 B1976
01977 01978 01979 01980 01981 01982 01983 @1984 ©1985 B1986 01987 01988 @1989 B1990 31991 ®1992 B1993
number | ®1994 m1995 ®1996 1997 m1998 ®1999 W2000 02001 ®2002 @2003 ®2004 02005 @2006 02007 ®2008 ®2009

[e)
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@
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[9)
+. 45,000,000 a
[ =
o @
€ 40,000,000 e
2 9z
& 35,000,000 ] g =z
E w =]
— [ V)
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= I o
S 25,000,000 = A FHAT T o
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3. (1) Improved fuel economy of individual car ﬂ,l
5) Promotion of spread about Eco-car

- To promote spread of eco-car, it is necessary courtesy to these.
- Japan intdoduced reduction of taxes and purchase subsidy for a period.

<Summary of tax reduction about eco-car> <Summary of subsidy about eco-car

to logistic enterprise>
Low fuel economy /

Low emission
Electric | authorization vehicle Heavy Vehicle (Truck)

Plug-In  High Grade High-Grade — Objept quehicIe — Rate of_Subsidy
Hybrid | - N e ——

Clean- LT
. cmmaEd R
Diesel .
brid ) Compressive Natural
Hybri ] Gas Truck and Bus 1
Natural 25% of
Gas L —— Hybrid Truck and Bus Vehicle
Vehicle Price

Weight Tax | Electric Vehicle

No Tax H
Vehicle Discount
58183 TaX s g emrrm
BT RS L B e 2R B e ey, ) '
Source : Japan Automobile Dealers Association website |_smamscchoR-~noad | sdfion |
#AEREER BN 228 F3-TOR
#2 F RSN 0 PSR L

Discount | | | Hybrid vehicle for taxi

Source : MLIT website

31

3. (1) Improved fuel economy of individual car %

6) Eco-driving and other driving methods

- Vehicle emissions change by characteristic of individual's driving and speed up-
down.

- So it is effective to reduce of CO2 emissions that Accelerators gently, using engine
braking, idling stop, etc.

Recommend about Eco-Driving <Reduced fuel consumption through eco-driving >
IIESLTI0DTTH 5 1 Z

TERIEIF=} EI‘II‘.UIL".'

Display for the Eco Assist

o e g Percentage improvement in fuel economy for all users
- 12%
1) Accelerators gently, . - - s § 10% - . —
2) Avoiding unnecessary acceleration and deceleration, % - & e
3)U -engi ¢ E b ¥ —
; 6% (/
E 4% b
c I
8 2%
g =
S o%
w 50 100 150 200 250 300
Driving experience (times)
| Average fuel economy improvement for all drivers

Source : Honda Motor Co., Ltd., website 32
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3. (2) Improved Traffic Flow ﬁl

Relation of travel and vehicle emission

- Vehicle emissions are higher in low-speed and decrease as travel speed increases,
not only CO2 but also NOx and PM.

- So, on congested roads, traffic flow smoothing to move traffic to optimal speed
zones is an effective means of reducing CO2 emissions and improvement air quality
on roadside.

NOXx PM CcO2

16 16 2500
—O—Small Vehicles —O—Small Vehicles —O—Small Vehicles
14 —8—Large Vehicles 14 —e—Large Vehicles (3 —8—Large Vehicles
\ \ 2000 \
12 \ 12 \u - \
€ \ € \ E
= = =
310 310 S1500
>0 e 210 B 2
s 8 508 5
2 £ 06 21000
w \ j w \‘ w
x = o
4 04
2 G 5 %%00ccees® 3 s0 ]
2 0.2 bO:
0 | “Coco0cnnnonnococe .| 00 1%0000000000000000 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Average Travel Speed (km/h) Average Travel Speed (km/h) Average Travel Speed (km/h)
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3. (2) Improved Traffic Flow #}l
2) Construction of Ring Roads in Urban Areas and Bypass

- Major cause of congestion in urban areas is traffic with no business in the city
center. So ring roads contribute to rerouting of such traffic, easing traffic congestion
and reduction of CO2 emissions.

<Three ring roads in Tokyo metropolitan area wsR GraEmaE ]
and Effects of construction> Metropolitan e LT §] .
Inter-city Expwy = v .
"REAr=E =
15 min.Open
- Reduction
T ammmn | s | 2 A7
1 B SAMEE T Baka
L P A | v -uwamman |

Congestion
length (km)

Approx. 30%
decrease

LS
mEEA
Inner Circular C i ti der 20km/h in entire Tok:
TOk o Ba ongestion : section under m/h in entire 1okyo
Route Y Yy expressway

Aqua-line Expwy

CO2 approx. 34,000 tons / year Reduction
(Blue : as of April 2010, =,
Red : not yet completed = Estimate for expressways and ordinary

roads in Tokyo Capital Region (4

Source : MLIT website Efectures)

Source : Metropolitan Expressway Co., Ltd., websitg84
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3. (2) Improved Traffic Flow &I
3) Elimination of Bottlenecks

- Grade separation project of intersection and Measures for bottleneck railroad
crossings is effective of easing traffic congestion and reduction CO2 emissions.

Grade separation project of intersection (Ordinary National Highway Route 17)

Before intersection grade separation After intersection grade separation
Measures for bottleneck railroad crossings (Keikyu Line grade separation projest)

Before elevated railway brige After elevated railway bridge 35

3. (2) Improved Traffic Flow %
4) Effect of various measures to reduce congestion

- By measures to easy traffic congestion, although local traffic density tends to
increase, total CO2 emissions f tends to decrease.

Changes in CO2 emissions due to bypass construction, lane widening and intersection grade separation

LE-- 1]

L8 ~ Three MA: urban Three MA: outside urban = Other MA: urban Other MA: outside urban
Change in Co2 emissions MA: Metropolitan Areé

g Change in traffic -

100 D g '...._.]_l___l_a:r_.l ]._._J.' v, WP it ..._...i.,=!_.‘._' B T

K1) i | 1

.80 A

"Ulige 1Te 4E% 157 |5E8 139 £gE egE G3E riE 9i
S35 S3f L8 DBR§08 f38 §RE pfR g0 £30 £f
= 88T £23 g By S8% 223 ot Bt b o eﬂzi
PR Pew Bir R0E3gy Bud EBY oRRE id lgd udt
Bz g8c <87 & 029 035 E68 Eoy g8Y 2R Lg
5 Z2ES 5 < e = v = b= & D
TeE Z3p %% % £ |fEp §i0 0% 4 dyf|fip S8 53%
Fel ¢88 & £ ¢ 5 558 3£8 § § §538 =58 8°%
$st ¢35 e 8 9 g5E 28 2 s m@ 84 tgoe 2z °
23 8 2 3 8 <% Ngv g ¢
g 35 2 <8 8 i~ 3
~ 2 ° g g2 o 1) &
g5 3 = 3 5
g<
[— new.t.jevelopmenl —— road widening —_— grade separation, etc. >

Note: dates in parentheses indicate: (Research before opening — Opened date—Research after opening).

Source : Report by Council on Road Measures to Prevent Global Warming in Japan 36
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3. (2) Improved Traffic Flow ﬂ,l
5) Utilization of ITS Technology

- Cancellation of temporarily stop on tollgate by ETC and offer of traffic congestion
informations to drivers by VICS contribute to easy congestion and reduce CO2, too.

<Mechanism of ETC> <Traffic congestion guidance using VICS>
ETCOD{ti# Mechanism of ETC{ ) Car Navigation System Display
) . . -
g;ifﬂ; ,\Ew“él:liﬁ ) (ref : congestion)

n Uit

PE{MFETHE  Roadside antenna

1 Roadside diy

g T gl B

113. =, Two-way radio
_j’/’ mmmur%caﬁon

TLELAZ
TV camera

?mlﬁ?zg BT e,
BB %ﬁymi{ | Roadside al

Galebar | 2
suenss T % 2 wrmmmaE
. = Two-way ragdio

TV camer: lj- ) iz _u_o_u‘mmu ication '
omoE d R& ‘C&-
" Exit fran: - - ..

F
Vehicle detector
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3. (2) Improved Traffic Flow %

6) Various and flexible discount for expressway use

- In section where traffic congestion of general road is remarkable, reducing price
for toll road side by side contribute to relax traffic congestion and reduce CO2
emissions.

< Example of various and flexible discount for expressway use >
Expressway —hm A ) ) .
. Fi / fp== Traffic volume : Expressway is 7% increase,
? National road is 8% decrease
AR ST Time required : National road s 30% decrease

r ]
B, H
TEE A ) )
) = i <Change of congestion loss cost >
Toll discount = e — -
50% decrease ; |l1ttlll.':.ﬁ BlEdEl P AR | |fiitll1aja'! ElEdM FEi8 R
. i ——————— + - Sk J
Bl':l-m-l_ﬂ_:_l:ll 51 million yen per day _aal ? “~ .. 36 million yen per day g
TR - | | #
,l 30%
| decrease 1
!

National road

‘uir
-

L

Before toll discount After toll discount
Source : MLIT website
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3. (3) Diverting and Reduction of road traffic

1) Improving Environments for cycling

- Bicycle is most effective for trip within 5km.
- So Japan promote construction of bikeway and bicycle parking near stations.

<Relation of movement distance and time required by transport mode>
Walk

Bus

=

=]

Bicycle
- Car

f'_,__' 3 Railway

N - This zone is shortest
1 b time required for bicycle

a o 5
Movement distance (km)
<Example of Improving Environments for cycling >

Time required (min.)

W -] .
Source Document on conference of new idea
about Improving Environments for cycling

bicycle parking
near station

= -

Bikeway on sidewalk
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3. (3) Diverting and Reduction of road traffic

)

2) Promote Transit

- Buses and railways amit less CO2 per person-km than passenger cars.
- Commercial trucks emit less CO2 pre ton-km than presonal truck, ship and railway
emit even less.

< CO2 emissions per person by transport mode > < CO2 emissions per cargo volume by transport mode >

Passenger Car J Private truck | o
Aviation —, . Commercial truck __‘ =
Bus | el ship . =
Railway _J g Railway J‘ n
50 104 150 200 8 E.5 Fre - [ ]

g-CO2/preson-km (FY 2008)

g-CO2/ton-km (FY 2008)

Source : MLIT website
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3. (3) Diverting and Reduction of road traffic Al
2) Promote Transit

- Itis necessary for CO2 reduction to shift automobile traffic to transportation mode
such as buses and railways.
- “Park and Ride” is one of these measures (Traffic Demand Management).

< Traffic congestion reduction effect by adoption of park and ride >

Il + 620 < (0) G+ @+ £+ [

Home Car Parking Bus Bus Walk Office é
. stop Congestion \'pé
€ length s
= vl - T ©
§i0r T ., =50 o
5 - j Ty F
5 LT 40
8 ge Congestion length
s reduced about 40%
© [E Y
Time required
azr reduced about 30%
'.'-'5 Parking [+ 1 ] P ]
5f e o g T00 7:30 &0 B:an a0
ST Parking Congestion length i === Before == After
ool Time required ': }l Before I Atter
Source : MLIT website
41
3. (3) Diverting and Reduction of road traffic Al
3) Environmental Road Pricing
- In areas where air is polluted with NOx etc. , particularly in sections where traffic
congestion is remarkable, through truck traffic can be routed around by
implementing environmantal road pricing to lower tolls on detour routes.
- This can shift traffic and contribute to easing traffic congestiion.
< Image of environmental road pricing >
~ -z Ty 1
2 e ® ®
& 2
S=n . Housing
Source : Hanshin Expressway Company Limited website 42
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3. (4) Other measures for Air quality AI

1) Environmental Buffer Belt

- Construction of environmental buffer belt contributes to improve of air quality
environmental on roadside by keep away distance of roads and houses.

Air quality concentration Plume model y=C exp(-x?)

(NOx, PM etc.) Reduction of concentration caused

by Environmental buffer belt
(Effect of distance decrease)

Background
Concentration

: Length from road center
Central !

Environmental buffer belt  Roadway reserve Roadway  Environmental buffer belt

10m . noise ~ § 10m House
or20m ~ barrier ° E or 20m
7 C |

Sidewalt service tree tree Sidewalk

lant
road plant plan bikeway

Source : Commentary and use of road structure law, Japan Road Association, 2004
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3. (4) Other measures for Air quality m

2) SPM / NO2 Removal System in ventilation towers

- SPM removal system (electrostatic precipitator) and NO, removal system
(absorption) are installed in ventilation towers in areas where air quality is still bad.
- Effects: More than 80% of SPM and 90% of NO, are removed.

-
C] -
=
r - =
o
n H =
= i
B =
" g-=:= =
o —e
) = - -
Tunnel air; Clean air

Absorption : Removal of NO, by absorbent as neutral salt

Figure of Central Ring Road Shinjuku Line_ .

g1 9 - i

[mosmma |

) o e
ERmmBEE / | =

(sPmemn | <
Low-concentration NOx removal system E =
E =]
PE

SPM removal system

-

—

ey
e

mua

83553}
|6‘ Lt

gmm

%)

Tunnel air ==#Remove SPM#¥| r&SBAi0 Remove NO/=# Clean air

Adsorption : Removal of NO, by adsorbent
Source: Metropolitan Expressway Co. Ltd website 44

Figure of a ventilation station
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November 18, 2010 The 19 Meeting on Public Works Research and Development in Asia j
Presentation for about 30 minutes

Actions of road traffic measure to contribute
reduction Greenhouse Gas from transport section
and improvement of air quality on roadside
in Japan

Manabu DOHI

Senior Researcher, Road Environment Division,
National Institute for Land and Infrastructure Management,
Ministry of Land, Infrastructure, Transport and Tourism

D

ABOUT TODAY’'S PRESENTAION MENU

1. Reduction Green House Gas from transport section
CO, emission from transport section,
Law system about prevention of global warming,
Basic Idea of CO2 emission reduction from road traffic

2. Improvement of air quality on roadside
History of Air Pollution, Discharge process of material,
Law system about Air pollution, Standard and Achievement,
Basic Idea of improvement of air quality on roadside

3. Actions of road traffic measure in Japan, to contribute 1.&2.
Improved fuel economy of individual car
Improved Traffic Flow
Diverting and Reduction of road traffic
Other measures for Air quality
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4. Conclusion

- In ordar to reduce CO2 emissions in transport section and improve air quality on
roadside, it is important to take a integrated approach in which various sectors such
as roads, automobiles, transport planning, logistics, and urban planning

Automaker ‘

Road administrator

Better fuel
economy of cars

Traffic flow
inprovement

CO, emission reduction from cars Ecolbiiing

Governmen
t

Integrated Approach in transport section

Traffic Demand
Management

Transformation of car traffic

Modal share

Efficient

Transit operator logistics

Local government

Transport business

45
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-9. Lecture

“Promotion of roadside noise abatement
based on Environmental Impact
Assessment”

Mr. Hiroshi YOSHINAGA
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13 Promotion of roadside noise abatement
based on Environmental Impact Assessment

Mr. Hiroshi YOSHINAGA
Senior Researcher,
Road Environment Division,
Environment Department, NILIM

Promotion of roadside noise abatement
based on Environmental Impact Assessment
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Environmental Quality Standards for Noise

| Roadside areas
Residences adjacent Residences at General areas
to artery roads roadside areas (not facing roads)
\%— A
P A== | =)
E/ L] w|| L] w|| “q“
w w|| w w| =Aa 1=
w | wl| - | wll :r'|"‘| Tl I
Om  20m(15m) 50m
Dayti 60dB (A
| ayhrne 20dB (A)
(6:00-22:00) 65 dB (B,C)
Nighttime 55 dB (A)
J 65dB
(22:00-6:00) 60 dB (B,C)
( Area type)

Current status of road traffic noise in Japan

Evaluation of “Environmental Quality Standards for Noise'
at the Areas Facing Roads

‘ O achieved the standards [houses] O exceed the standards [houses]‘

FY2000 [402,300] [121,000]
[523,200] 76.9% 23.1%
i [474,700]
FY2008 [4,157,?00] (20.2%)
[4,632,400] 89.8% |

0%  10%  20% 30%  40% 50% 60%  70%  80%  90%  100% |eseeEs
Typical road side | - . e 2V
1 Ministry of the '
Environment, FY2008
Express way(1,165km),
National Highway(9,687km),
State road etc. (15,302km)

Buildings for residence
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Noise Abatement Measures

Soundproofing Low noise pavements Noise barrier

of buildings /
J Absorption panel

]

iL_1_L - atbackside of bridge

Soundproofing
of buildings

Noise barrier

=

F

Buffer zone . Buffer zone
Low noise pavements
T Gl £ e o Noise control on propagation Noise control at
route sound receiving point
Vehicle Unit Regulation Noise barrier, Absorption panel Soundproofing
) at backside of bridge of buildings f-'
Low noise pavements Adoption of underground road
Regulation on speed structure (

Buffer zone

Noise Abatement Measures

Vehicle Unit Regulation — acceleration noise energy
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Noise Abatement Measures

.gﬂci& z
£ s Py
e —&— Noise barriers left scale =
< 450 . . ]
2 —&— Low noise pavements right scale £
§ 400 [ & 2
Keo) ®
o 350 o
@ a
S 300 °
S 250 -, 4 & =
< o
g 20 & %
- e
5 150 )
S 100 o
50 2
i)
0 0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 '

National Highway under Direct Control of Ministry of Land,

Infrastructure, Transport and Tourism. 8817 km in 2009.

Noise Abatement Measures — Noise barrier

Noise barriers

Vegetation covered Edge modified

Edge modified
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Noise Abatement Measures — Pavement

Textures of Dense, Drainage and Two-layer asphalt concrete pavement
Two-layer asphalt concrete pavement has middle smoothness

| Dense Asphalt | | Drainage Asphalt | | Two-layer Asphalt |

Side

based on Environmental Impact Assessment
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-10. Lecture
“Pavement Technologies in Japan”

Mr. Kazuyuki KUBO
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Environmentall ysiNeQeiFRavement

-325-



g & 8

CONGENTRATION {paarts par il

-326-



thods

Plant recycling
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-327-




ement Field in JAPAN

L

billion tons i

mitted from roa
as about 29 ¥

The share of as

95% of

The number of facilities : 1,223
2006 4

— The amogai of asphalt mixtures :

' 58million tons (2006)

alt pavements :

T Nt

oduct of this

nular base material

h as cement and/or
ompacting this mixture
e.

s and mixing th
ion with existing

Pavement sawing. Fioim
: 3 N N g
(’l;:::ts‘:egrzi;h;:zti:; ‘Sp:ad;ng of additived ol o water crushing . ing initial e C . Curing
cemen " !
B and mixing compaction)
Sawing machine Manually or using  In-place crushing and Motor grader  Pneumatic tire roller, Manually or using
a spreading machine mixing machine (pneumatic tire  Macadam roller, a distributor
emulsion feeding roller) ~(vibration rofler)
machine
I P
R 14 Fig.-6.7 Construction Procedure for the In-place Base

Course Recycling Method 8

-328-



g the existing
ing it to loosen the
phalt mixture
necessary,

ting it to create a
er course.

si(ﬁ in case of plant

ing /~
ec )

verlay new ates
cycling 60%

Plant recycling

(]ﬁ.f

(Kg-CO,

12,000 '
Transportation of -
Beeciaimed asphalt A
10,000 pavement . .
, In-situ recycling
8,000 - —|  pmConstruction
6,000 -
B Transportation of
4,000 - materials
2,000 - DMaleria[
o L i Production 10
Casel Case2 Case3 @
S

-329-



rial etc. at a
cycling mixing
ement material.

by-products = EHEEE T
g ] Recycled Virgin
aggregate aggregate

Asphalt —»l

Recycled asphalt mixture
1

K

/
ate preduction, QC/QA
ecycled aggregate

Density, asphalt binder content,
asphalt penetration etc.

-330-



K

recygling procedures
' /AsphaltMixture Recycle Plant

’Virgin aggregate

Tes Virgin Asphalt .

tem -

ed) dryer syst
er (indirect-heati
$

<- Most popular in Japan
system

:3_1 Faoyiled Sfarvgate

- T QQQ

-331-



(u01000°'T) BINIXIN Jeydsy

o O
o o o o o
o o o o o
5 o S S 9o
N O @ .n o |
— << ~ |
T
[
[
|
2 | -
c | £
5 | gy —
c -
e, (8]
2 o [
s | 14
= | . —
s |
2 |
<
,h
|
|
|
|
|
|
|
|
|
|
|
Ny
——
oo o o o o o
o o o o o
o o o o o
n < oo N -

(u01000'T) Jopuld Jeydsy

-

500¢
€00¢
T00¢
666T
L66T

G66T -

€661
1667
6861
L86T
G867

B

/
ged asphalt

d RAP increases
asphalt increase.

o!

gmodified

2. Polym

16

oncerning the Promotion of Procurement of Eco-Friendly

g to the following law
Promoting Green Purchasing), enacted in FY2000

accordin

- Law&'f

e Recycled asphalt mixture has already been promoted to use
. .Goods and Services by the State and Other Entities (Law on

'..

-332-



R-HMA/AIl HMA ratio
and Recycle aggregate ratio

AMII HMA ratio

AP c‘w,(in Japan
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—e—1982 1983(n=76)
—8—2004 2007(n=71)

10 1415 19 20 24 25 2930 34 35 39 40 44 45 49

Penetration of asphalt in RAP (1/10mm)

Environmentall ysiNeQeiFRavement
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-11. Lecture

“The external force estimation for
adaptation measures of storm surge
protection in Japan”

Mr. Kenzi NOGUCHI
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The external force estimation
for
adaptation measures
of
storm surge protection
in Japan

Yoshio Suwa
Head
Coast Division River Research Department
National Institute Land Infrastructure Management
Ministry of Land, Infrastructure, Transport and Tourism
Government of Japan

Introduction

The reason why coastal protection are important in Japan.
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Overtopping by wind-blown waves in winter

(Itoigawa Coast, Itoigawa City, Niigata Pref.)

Beach reclaim for road & Coastal erosion

Wave-induced damage to JR Hokuriku Line
(Omi Coast, Omi City, Niigata Pref.)

Coastal erosion
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Beach cliff immediately after the passage of typhoon

(Kita-kujukuri Coast, Asahi City, Chiba Pref.)

Beach cliff formed by coastal erosion

(Kaike Coast, Yonago City, Tottori Pref.)
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Seawall damaged by Typhoon No. 23

(October 20, 2004; Nabae Coast, Muroto City, Kochi Pref.)

Every year, 160 ha of beaches are lost to coastal erosion

Marine activities

. Jetski
- eT'U‘b"T*(as_, ‘asu-cho, Kochi Pref.

. e e T
U Clamdigging
(Tsuyazaki Coast, Tsuyazaki-machi, Fukuoka Pref.)

Windsurfing 8
(Numazu Coast, Numazu City, Shizuoka Pref.)
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Use of coasts (2)

Tourism Events

T-shirt Fair
(Irino Coast, Ogata-cho, Kochi Pref.)

Sand art
(Irino Coast, Ogata-cho, Kochi Pref.)

Use of coasts (3)

Culture & Education

=T -
Gatalympics
(Nanaura Coast, Kashima City, Saga Pref.)

Seaside summer school
(Yomiyama Coast, Tomiyama-machi,Chiba Pref.)
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Natural environments of coastal zones

Sea turtle laying eggs (Moto Coast, Muroto City, Kochi Pref.

Horseshoe crab (Tenjin Coast,
(taken from Soji, N. and Sato,
Y., Kabutogani, Sanyo Shimbun, 1993)

.Kasaokai'

11
Coastal tion faciliti
Revetment integrated with a park Gentle-slol
i . -slope levee
(Kitamae Coast, Chatan-cho, Okinawa Pref.) (Arao Coast, Arao City, Kumamoto Pref.)
— i = |' | |
Barrier-free slope . Ar_tificia}I Levee
~(Hoko Coast, Higashiura-cho, Hyogo Pref.) (Ariake Coast, Higashiyoka-cho, Saga Pref.)
12

—-346-




Characteristics of coastal disasters

*ﬂ ‘sanriku-oki Earthquake (1933)
=18
E ‘Sanriku-oki Earthquake (1896)
M=L.H

Typhoon No. 9 (1958) Typhoon Kitty (1949)

7
Typhoon | Karogawa Typfoon (1958)

‘Typhoon No. 19 (1991) ; 4T fise BayTyphoon No. 26
. Pt (1959) (1966)
. Muroto Typhoon  TyPhoon No. 13 Tonankai Earthquake (1944)
Typhoon Ruth(No.19 (1951) | (103l (1953) Ml
Nankaido Earthquake (1946)

W=pi

Area vulnerable 1o storm surge

55 ey s

=== Typhoon patn

Tsunami
== Wind-blown wave in winter
FH

Avesproe t0andsubsidnce 13

Epicenter

Purpose and scope of coastal projects

Range of coastline covered by coastal

34,812Km

15,597Km 19,740Km

Total length of coastal areas
requiring designation

conservation areas 1,595Km

14,002Km

These area should locate in front of high properties.

14
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Climate Change Adaptation Action

by
Coast Area by Coast Division, River Bureau

To raise crown height of sea wall

To cope with sea level rise and intensified typhoons, concrete storm surge barriers should be rebuilt higher to enhance
their protection capacities against intensified external forces, especially at a time of renewal, so that inundation occurs
less frequently. In practice, barrier heights should be raised in stages in step with the progress of research on sea level
rise and intensified typhoons:

Phase 1: The increased sea level is taken into account.

Phase 2: In addition to increased sea level, sea level rises expected in the future are taken into account based on the
trend in sea level rise and prediction calculation. The service life of facilities in also taken into account.

Phase 3: In addition, the height of storm surges expected to increase due to more intense typhoons is taken into
account.
Storm surge barriers should be designed so that they are hard to breach even if external forces are more powerful than
expected due to sea level rise.

Promotion of comprehensive sediment management

Comprehensive sediment control should also be promoted to cope
with coastal erosion in progress.

15

Ahl=Sea level increased after last renewal
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Parameter of crown rise

50 years future
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Changing of “Wave Climate”

Detect signals !
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Detecting signal in wave energy fluxes
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Annual track numbers typhoons and depressions thru
in each region
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Annual total residence time of typhoons and depressions
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Annual average of the lowest pressure
of typhoons and depressions during each region
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Area average of Satellite altimeter vs. Tide gage (Japan Metrological
Agency)
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Maintenance/renewal cost is expected to increase for existing structures
extensively built during the economic growth in the 1960s (1926-2004)
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Maintaining and improving the reliability of existing

structures: response to aging revetments

To avoid financial concentration on renewing

structures, they should be inspected and assessed in

terms of reliability, and maintained and managed

systematically by taking preventive measures to
rolong their service lives.

Before

Detenorated concrete of aging
shore protection work
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An example of trees to select HOKYOU method
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Promotion of comprehensive sediment management

Comprehensive sediment management should be promoted to take measures for
sabo, dam sedimentation, river-bed deformation, and costal erosion.

o Slit type dam

@ Sand flushin
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cost
not much necessar
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-12. Lecture

“Water Quality Improvement and
Change of Environmental Concern for
Rivers in Japan”

Mr. Kunihiko AMANO
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Water Quality Improvement and
Change of Environmental Concern
for Rivers in Japan

Dr. Kunihiko Amano

National Institute for Land and
Infrastructure Management

Beginning of Environmental Concern

'70s Decade of Public
Nuisance by Industry

Outbreaks of Red tide in
Coastal Sea

Pollution of fish by
Hazardous materials
such as PCB
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Legislation of Environmental Laws
Regarding Aquatic Environment

1971 Water Pollution Control Law

1971 Environmental Quality Standards for
Water Pollution

1978 Total Pollutant load Regulating Standards
1982 N, P Standards for Lakes

1984 Lake Water Quality Conservation Law
1993 THE BASIC ENVIRONMENT LAW

1997 ENVIRONMENTAL IMPACT
ASSESSMENT LAW

Achievement Rate of Environmental

Standards (sob/coD)
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Progress of Sewage Treatment Works
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Water Quality of River and Basin Character

Chikuma R.

Close up

Kurosawa R.

Land Use Effect on River Water Quality

Buildings

: Bl Abandon
V1l ed Area
4%

Sampling
Point
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Land Use Effect on River Water Quality

Nitrate Concentration along Nishi R.

Samplings on Nov. 20, 2003

—e—NO3-N (mg/L)
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Water quality in rivers in Japan

* Water quality has been improved significantly
by the propagation of sewage treatment
system (in rivers and in terms of BOD).

¢ Control of diffuse sources for nutrient control
is still a major concern.

* Watershed management is the key for the
success of water quality control.

Watershed change of Ise Bay

e Changes in population, land cover, water use,
sediment supply and pollutant load were
estimated from 1950 to 2000.

* Changes in ecological features were compared
to those changes.
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Land use in ISE Bay basin

12,000
10,000
~
&
N 8,000
-
N~
3
2
& 6,000
1)
S
—
L4000 -
i:t/ ’
2,000
0 [92] T
s 2 =8 F 83 ¢ g =
3_ = S = =3 > @ =] 5 o
< D [T = s g < = =
= > — - Q. 3 - - - <
2 a g 5 Z @ N @ o O
5 < 5 o [5) o o Q =+ %)
S D < — > QD < Q
o - 3 & @ 3 8 3>
® o 2 % 3 2 08 8
A 7] (%] o %13 %]
i&i& 1 1 2
Increase by
Elevation (m) Population change 1950 2000 4 .6milion
500.0
1950 . 2000
A
4000 ’ ; ; ¥ j
300.0
2000
1950 2qp — — — el
100.0
B 1950
00 2000-1950(
-10.0 ‘ ‘
250000 0 1,000,000 2,000,000 30000000 14
population

-367-



Population change among topological background

Population
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Improvement of WQ in a river
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Environmental change in bay WQ Habitat Bloom
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Historical Perspectives for River
Environment

Water Pollution by Industry (Point Sources) has been
relatively well solved by the progress of waste water
treatment.

Progress of Sewage Treatment Works has improved River
Water Quality in terms of BOD.

Water Quality of Coastal areas and Lakes has not been
improved well due to internal production caused by high
nutrient loading. Thus, management of watershed
became more important.

Not only water quality but also ecosystem management
has been paid much attention recently.

River Restoration, A New paradigm

e 1990: Naturally-diverse river works,
Japanese version river restoration project

e 1997: Amendment (on River Environment)
of River Law and enactment of
Environmental Assessment Law

* More attention began to be paid on aquatic
biota.
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River Law for Environment

/1896 /1964 /1997
Modern Integrated river

river system management

administrat

water-use regulations

ion system

Naturally-diverse river works
(Japanese version of river restoration)

 Officially started in 1990 by MOC(MLIT)
* Purpose

Ecosystem with high biodiversity

Beautiful landscape

24
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Historical Progress in River Restoration

e Control of hazardous materials
e Control of organic pollutants
e Control of nutrients

* Improvement of environment in terms of
habitat for wild lives and good landscape

5 Major Classes of Environmental
Factors that Affect Aquatic Biota

Energy Source ( Food for Organisms )
Water Quality

Habitat Quality

Flow Regime

Biotic Interactions
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Recent major human impacts on rivers
in Japan

e Excavation and widening of low water cannel
* Change in sediment supply
* Decrease of flood discharge and frequency

¢ Construction of weirs and concrete shore
protection

* Water quality change
* Invasion of exotic species

Excavation and widening of low water

cannel

e Large amount of river bed material (gravels and
sand) was excavated to use as concrete aggregates
and to enlarge flow capacity of rivers from 1950’s to
1970’s.

* Excess erosion which can damage the foundation of
structures and lowering of groundwater table
occurred as the consequences. To prevent this, strict
regulation has been enforced.
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Change in sediment supply

e Construction of dams, check dams, and forest
protection reduced the supply of sediments to
downstream rivers.

e Otherwise, supply of fine silts increased in
urbanized area.

Decrease of flood discharge and

frequency
e Although dams in Japan do not have
enormous capacity for flood control, they
have reduced peak discharge and frequency of
floods.

e Also, variation of flowrate is smoothened
during non-flood period.
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Construction of weirs and concrete
shore protection

e Construction of weirs, shore protection, and
dams have fragmented river networks and
deteriorated the environment of river shore
after 1960'’s.

e Construction of perpendicular concrete dikes
has proceeded and it destroyed wildlife
habitat of rivers in urban areas.

Water quality change

* Impoundment in dams has changed water quality.
e Urban runoff contains large amount of pollutants.

* Development of sewage works sometimes reduce
the flow in rivers and river water quality is controlled
by that of effluent from water treatment works if the
discharge from water treatment works is large.
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Invasion of exotic species

 Discharge of fishes which had been grown in
other places (e.g. Sweet fish from lake Biwa)
and invasion of exotic species such as large
mouth bass endanger native species.

* Exotic plants such as pseud-acacia prevails in
flood channel.

Emerged responses in river

environment (1)
Deterioration of habitat quality in rivers

* Enlarged gaps between low water channel and flood
channel lessened the inundation frequency of flood
channel and shores along rivers. This lead to the
invasion of dry land trees to river shore.

e Loss of sand from bed material occurred and this
deteriorated habitat quality for benthos.

* Fragmentation of river networks interrupted fish
migration.
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Emerged responses in river
environment (2)

Changes following water quality and quantity change

e Ecosystem shift due to water quality change e.g. Species
changes in periphyton, benthos, and fishes)

* Ecosystem shift due to water quantity change

e.g. Discontinuity of surface water in rivers and water
quality deterioration due to longer retention time)

Exotic Species

* Exotic species accelerated the negative pressure on
native species.

Major recent anthropogenic impacts on rivers in Japan

(Flow rate and its fluctuation pattern)

¢ Flood control by dams -> Less disturbance

e Water use for agriculture, power, and domestic purposes
-> Less water in rivers

(Water quality)
e Water quality deterioration by agriculture, industry and urbanization

(River morphology (Habitat))

e Enlargement of low water channel by bed material excavation and/or river channel alteration
for flood control -> Different inundation pattern and habitat loss

(Sediment transport)
e Sediment flux decrease by erosion control and building dams

(Network connection and distribution pattern)

e Fragmentation of river system by weirs and bank protection

e Separation of rice field from river network by rice field reform
(Exotic species)

e Introduction of exotic species

36
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Typical River Alteration in Japan during recent 50 years

| | Braided river channel | | /—W\

Human Impacts mFixation of low Environmental Responses
=Gravel extraction water channel «Shift in plant communities
«Construction of dams at  MDecrease of (increase of high trees,
upstream gravel bars decrease of plants

. . . depending on gravel bars)
<Use of exotic trees to H| ess inundation _
stabilize slopes onto flood ways eLess refuge for fishes

during floods 37

Restoration project in Mibu River

Procedure

Cutting high trees on
flood way

Removal of exotic
plants
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Present status after restoration work

3.5 years after work

Sept. 2008

39

River Restoration, our approach

(Environmental situation)

* Pristine natural condition usually cannot be the goal
of river restoration in Japan, since most rivers
running through alluvial plains have been managed
and altered by human society for hundreds of years
(no pristine reference).

* The environment which had been managed in
sustainable manners until modern economic
development starts can be a candidate for the goal.

40
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Our approach to set goals

Presume by extrapolation

Present

Find correlation

o,

Design

(Targeted features)

Future

41

Our approach to set goals

e Past environment, which is supposed not to have
faced significant modern environmental alteration
should be estimated as quantitatively as possible.

* Since biotic information in the past is quite limited,
we have paid attention on old geographical
(topographical) and hydrological information.

* Based on the present correlation between local
topographical and hydrological features and biotic
characters found in rivers, we may be able to
presume past environment in biotic sense.

42
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Hindcasting of past environment

.

43

Topographical alteration from 1893 to present
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Hydrodynamic change due to topographical change

Tracking of fish behavior
during

floods using

Advanced Telemetry
System (ATS)

-383-




Tracking results of
tagged carp

Tagged carp was flushed downstream
during flood. However, it avoided to be
swept further downstream by finding
places where velocity is low (refuge at
flood).

Legend:
- blue circle shows location A#
of tagged carp during flood in March
- red circle shows location

of tagged carp during flood in July * peguiS0317 2000

nigoill 705 2000

Fish behavior model combined with hydrodynamic model can hindcast
the effect of floods on fishes during flood
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Setting goal for river restoration

Habitat evaluation based on present and past information
must be proceeded in robust manners for quantitative
estimation of restoration projects.

Ecological monitoring for the restoration project of riparian
environment should be performed in more detail (in particular,
focusing on ecological function).

Since traditional land use is a part of local environment in
Japan, we have to take it into consideration in river
restoration project.

River ecology research groups which consist of civil engineers
and ecologists have started joint study recently.

Conclusion

Water quality seems to be the first concern when the river
environment begins to be deteriorated by human impact
because it is clear to notice the change and somehow easy
to find the cause.

Environmental factors other than water quality should be
taken into consideration to restore river environment.
Broader temporal and spatial consideration should be paid.
Social agreement is an important issue in environmental
management. Establishment of good stewardship by

residents in river basins will be more important in the near
future.
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