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1st Workshop for Urban Resilience in ASEAN

Risk Assessment (Earthquake & Tsunami Disaster)

Disaster Risk Assessment
‐ Earthquake(EQ)  and Tsunami ‐

2. Hazard Assessment
(Earthquake and Tsunami)

3. Inventory of Assets
(Population, building, infra., etc.)

4. Fragility Curve

5. Result (Damage and its distribution)

6.  How to utilize result of Disaster Risk Assessment?

1.  Introduction

Disaster Risk Assessment

<Outline of the presentation>

1) To identify vulnerable area
‐> Prioritize area for the disaster mitigation measures 

2) To know the impact(damage amount) of disaster.  

‐> Identify the gap between impact and capacity

3) To utilize result of risk assessment 

to all level of disaster risk management plan
(Prevention/Mitigation/Preparedness/ Response/Recovery/Reconstruction)

4) To utilize result of risk assessment as 

evidence  for future investment on DRM project

1. Introduction : Objective of risk assessment
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Source: JICA Project Team
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Q. What determine the damage of earthquake?
A.  ① Magnitude of Earthquake

② Soil amplification
③ Strength(weakness) of building

Active fault

②Soil Amplification

Bedrock

Ground surface

①Magnitude of Earthquake

③ Strength(weakness) of building

( ) q g
2. Hazard Assessment

(1) Mechanism of Earthquake damage

Source: JICA Project Team
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2. Hazard Assessment(2) soft soil vs hard soil 

Buildings on soft soil will get more damage
-> It is important to know where soft soil locates

Soft soil amplifies seismic motion more than hard 
soil (site effect)

Hard soil Soft soil

Source: JICA Project Team
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2. Hazard Assessment(3) Earthquake hazard map

≦100 (m/s)
≦150 (m/s)
≦200 (m/s)
≦250 (m/s)
≦300 (m/s)
≦400 (m/s)
≦500 (m/s)
≦600 (m/s)
＞600 (m/s)

Hazard mapSoil character map(AVS30)

Example of relationship between soil character 
and seismic motion(hazard map)

Soft soil  High seismic motion

Source: Yokohama city
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2. Hazard Assessment(4) Mechanism of Tsunami 

Source: Japan Meteorological Agency

1) The upheaval/subsidence 
of seawater by earthquake

2) Giant wave travel across the sea
‐> Tsunami hit the coastal area.

Cf) Speed of Tsunami

Speed of Tsunami at ground is about 36km/hour.
(as fast as Olympic athlete runner)

‐> It is difficult to run away from tsunami
‐> Rapid evacuation is quite important 

Source: Japan Meteorological Agency
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The 2nd Preliminary Risk Assessment of this project uses the database 
of GAR(Global Assessment Report) as asset data.  This public data, 
however, is  described in no smaller than 5km×5km mesh, and it  is 
not enough to identify vulnerable area in city.

3. Inventory of Assets for Risk Assessment

Source: UNISDR/ Global Assessment Report
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1km(Orange)& 5km(Red) mesh 250m(Yellow) mesh

3. Inventory of Assets for Risk Assessment
Statistic data
(Open data)

Inventory data

Large SmallMesh size

Data type
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Source: Yokohama city

１
5m

２
2.5m

３
1.5m

４
0.5m

Hazard
(inundation depth)

Fragility function
(damage ratio)

H<1m 1m≦H<2m 2m≦H<4m 4m≦H

Adobe No 
damage

Half
collapse

Collapse Collapse

RC No 
damage

No damage Half
collapse

Half
collapse

Mesh 
No.

Total Collapse Half collapse

Adobe RC Adobe RC Adobe RC

1 4 4 4 0 0 4

2 5 2 0 0 5 0

3 2 5 0 0 2 0

4 5 5 0 0 0 0

Number of Damage building

Number of damaged building = 
(Total number of  buildings) × (damage ratio) 

Damage ratio depends on magnitude of hazard and building type

4. Fragility Curve (Strength of building)
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Source: JICA Project Team

Damage amount and its distribution can be identified

Source: Yokohama city

Vulnerable area

Category Damage item/factor Amount

Building 
damage

Earthquake 34,300
Fire 77,700
Liquefaction 204
Tsunami 11

Casualties
Death 3,260
Injure 21,700

Lifeline

Water outage household 399,000
Sewege outage household 72,900
E l e c t r i c i t y o u t a g e
household

266,000

Transportat
ion

Bridge damage 1
Road obstacle 183

Others
Evacuee 577,000
Disaster Wastes 1,670
Economic damage 11.7

5. Result (damage amount and distribution)
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Example of result 1) building damage

Result of risk assessment 
~Distribution map of damaged buildings

Hazard map Inventory data 
‐ Building ‐

Overlay
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Source: Yokohama city

＝ 0.000 件
≦ 0.002 件
≦ 0.004 件
≦ 0.006 件
≦ 0.008 件
≦ 0.010 件
≦ 0.020 件
≦ 0.030 件
≦ 0.040 件
≦ 0.050 件
≦ 0.060 件
≦ 0.070 件
≦ 0.080 件
≦ 0.090 件
≦ 0.100 件
≦ 0.150 件
≦ 0.200 件
≦ 0.250 件
≦ 0.300 件
≦ 0.350 件
＞ 0.350 件

Example of result 2) Water pipe (water supply )

Result of risk assessment 
~Distribution map of damaged water pipe

Hazard map Inventory data 
‐Water pipe network‐

Overlay
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Source: Yokohama city

Example of result 3) Transportation

Result of risk assessment 
~Distribution map of damaged transportation network

Hazard map Inventory data 
‐ Transportation network‐

Overlay
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Source: Yokohama city
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Building

Human life

Distribution/number of 
damaged buildings and 
casualties

Lifeline
(water,sewerage,etc)

Road

Possibility of damage

・Urban Planning
・Land use plan/regulation
・Building code revision

・Make/Revise design code
・Retrofitting lifeline
・Emergency Response Plan

< output of risk assessment > < Planning / measures >

bridge

Distribution of  road 
obstacle

・Seismic code revision
・Retrofitting
・Emergency Relief plan

Deficiency of shelter
(Number of evacuees)

Evacuation
Shelter

・Shelter planning

Required volume of 
relief supplies

Relief 
supplies

・Add stockpile
・Emergency Relief Plan

The volume of disaster 
debris

Disaster 
debris

・Debris management Plan

6. How to utilize result of risk assessment?
(1) Application on various DRM plan
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Example: Risk-sensitive Urban Planning (Yokohama city)

Source: Yokohama City

Set up new open space

Road widening

6. How to utilize result of risk assessment?
(2) Identification of weak area 

Example of earthquake induced fire prevention measures
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Road Widening Reinforcement or 
Rebuilding of old houses

Set up new open space

Installation of water tank

6. How to utilize result of risk assessment?
(3) Disaster mitigation measures 

Source: Yokohama city
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6. How to utilize result of risk assessment?
(4) Disaster preparation measures 
Example: Road Classification Map, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 

Example: Number of Road Lane, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 
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Example: Width of Road, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 
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Example: Road Network Plan, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 
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Example: Land Use Plan, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 

23

Example: Potential Hazard Map, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 

24



2016/12/7

9

Example: Map of Schools, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 
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Example: Map of Hospital, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 
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Example: Disaster Management Plan and 
Evacuation/Relief Plan, Project in Indonesia

Source: Aceh Tsunami Project JICA/NK, 2005 
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Thank you very much


