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Introduction

maps.

Tsunami and storm surge hazard maps show areas on which inundation is anticipated, the degree of
inundation and, when necessary, disaster prevention information, such as evacuation sites and routes.
Their purpose is to assist administrative bodies in deciding evacuation of residents during tsunamis and
storm surges, and in the construction of disaster prevention facilities.

This manual aims to promote the nation-wide preparation of tsunami and storm surge hazard maps. It
states basic concepts such as the objectives of preparation, bodies in charge of preparation, roles of
national and prefectural governments, and utilization methods, and summarizes the presently available
standard information concerning tsunami and storm surge hazard maps, such as methods for predicting
inundation, items to be included in hazard maps, expression methods, and methods for utilizing the

(1) Definition of tsunami and storm surge hazard maps

Hazard maps

In this manual, maps that show predicted inundation risk areas and, when necessary,
information related to disaster prevention are called “hazard maps”.

This manual describes “hazard maps for residents”, which should be used by
residents for evacuation, and “hazard maps for administrators”, which should be
used by administrative bodies to investigate disaster prevention measures.

Inundation risk
area

In this manual, an area where inundation is predicted when an assumed external force
(tsunami and storm surge) occurs is called an “inundation risk area”.

Assumed
external force

In this manual, external forces of the following three levels are considered as
assumed external forces. Details of the methods for setting the external force
conditions are described in 3.2 (2) Setting external force conditions.

1) External force level 1: External force that occurs at frequencies that can be sensed

2) External force level 2: Designed external force of a facility, consistent with its
protection goal

3) External force level 3. External force that causes the worst degree of inundation

(2) Anticipated readership of the manual

This manual is for bodies in charge of preparing tsunami and storm surge hazard maps and those who
support such preparation (See 2.3 Bodies in charge of preparing tsunami and storm surge hazard maps and
their roles, for information about bodies in charge of preparation and supporting bodies).

(3) Scope

This manual describes the preparation and utilization of tsunami and storm surge hazard maps. It should
be used in conjunction with existing plans and manuals, such as regional disaster prevention plans and the
Manual for Developing Measures Against Tsunamis.

This manual summarizes the presently available knowledge and should be appropriately revised in
accordance with future technology development.




Reference Existing manuals related to tsunami and storm surge measures

Disaster Manual (date of issue) Body in charge
Manual for enhancing | Investigation Committee on Disaster Prevention Plan
measures against tsunamis in | Methods against Tsunamis along the Pacific Coast during
regional disaster prevention | Earthquakes (National Land Agency, Agricultural Structure
plans (March 1998) Improvement Bureau and Fisheries Agency of the Ministry
of Agriculture, Forestry and Fisheries, Ministry of
Transport, Meteorology Agency, Ministry of Construction,
and Fire and Disaster Management Agency)
Tsunami Manual for Predicting | Investigation Committee on the Manual for Predicting
Tsunami Disasters (March | Tsunami Disasters (National Land Agency, Fire and
1998) Disaster Management Agency, and Meteorological Agency)
Manual for Developing | Investigation Committee on the Manual for Promoting
Measures against Tsunamis | Measures against Tsunamis (Fire and Disaster Management
(March 2002) Agency)
Manual for Enhancing | Study Committee on Storm Surge Disaster Prevention
Measures  against ~ Storm | Information
Surges in Regional Disaster | (Cabinet Office (in charge of disaster prevention), Fire and
Storm | Prevention  Plans  (March | Disaster Management Agency, Rural Development Bureau
surge 2001) and Fisheries Agency of the Ministry of Agriculture,

Forestry and Fisheries, River Bureau and Ports and
Harbours Bureau of the Ministry of Land, Infrastructure and
Transport, Meteorological Agency)




(4) Organization of the manual

This manual consists of the main chapters (1-5) and references. The main chapters summarize the basic
concepts of significance and methods for preparing and utilizing tsunami and storm surge hazard maps. The
references describe recommended methods for predicting inundation to prepare tsunami and storm surge
hazard maps and examples of using such hazard maps.

Since tsunami hazard maps and storm surge hazard maps have much in common, the common information
is first described and second the phenomenon and operation methods that differ between tsunamis and storm
surges are described separately.
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Chapter 1 Need for and roles of tsunami and storm surge hazard maps
1.1 The present state of measures for preventing disasters caused by tsunamis and storm surges

(1) History of measures for preventing disasters caused by tsunamis and storm surges

Conventional disaster prevention measures, which mainly rely on facility construction, have sharply
reduced damage by tsunamis and storm surges. However, the level of coastal safety is still insufficient.

Measures for coastal protection against tsunamis and storm surges have changed as described below.
These measures have sharply reduced damage.
(1) After World War 11, Japan suffered serious damage from tsunamis and storm surges. Ways to protect
coasts at that time mainly consisted of restoration activities.
(2) The Coast Law was enacted in 1956, around which time the construction of structures, such as banks,
revetments, groins, and parapets, started to protect coastlines under the concept of “the linear protection
method”.
(3) After 1975, projects based on the concept of “the area protection method” started, including constructing
two or more structures (detached breakwaters, submerged breakwaters, artificial reefs, and sandy beaches) to
gradually reduce external forces such as waves.
(4) Subsequently, more advanced structural measures were taken by employing earthquake resistant
structures and anti-liquefaction structures. Non-structural measures were also taken by constructing tsunami
and storm surge disaster prevention stations.

[Damage by storm surge in the past]
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* Source: Announcement (Dec. 31, 2002) by the Fire and Disaster Management Agency. “Injury to people” denotes the total number
of people killed, injured and missing. “Damage to buildings” denotes the total number of buildings destroyed, semi-destroyed, and
washed away.

Figure 1.1.1 Reduction of storm-surge damage by disaster prevention measures



However, the present protection levels far from satisfy the indices for protection, information transmission,
erosion and earthquake resistance, which are shown in Table 1.1.1.

Table 1.1.1 Present protection levels of coastal protection

Class Outcome index Present level
Population and area of districts where a certain level of safety 3.9 million people
Protection | is not ensured against tsunamis and storm surges 150 thousand ha
Population and area of districts where there is risk due to 1.4 million people
insufficiency of facilitie 50 thousand ha

Number and percentage of districts where it takes too long to

L 0
close water gates and prepare against tsunamis, etc. 180 districts  17%

Tsunami:
Number and percentage of districts where necessary tsunami | 1,200 districts 62%
and storm surge hazard maps have not been prepared Storm surge:

Information

Y 0
transmission 1,500 districts 88%

Number and percentage of districts where necessary
information facilities for coastal risk management are | 1,000 districts 43%
insufficient

Length and percentage of eroded/eroding coasts where erosion

0,
Erosion control facilities have not been completed 750km - 24%

Percentage of coasts which need to be restored but have not yet 45%

Population and area of districts protected by insufficient 1 million people
Earthquake | facilities 40 thousand ha
resistance | Population and area of zero-elevation districts that are prone to | 200 thousand people

floods by earthquakes 12 thousand ha

Cited from “Report on New Coastal Protection Methods based on Intermediate-term Prospects” (February 13, 2003,
Investigatory Committee on New Coastal Protection Methods based on Intermediate-term Prospects)

Length of facilities completed:
about 61%

Length not yet completed:
about 39%

Length of facilities needing

improvement: about 13% Cited from “Reference for Investigating New Coastal Protection

Methods based on Intermediate-term Prospects” (May 2002)

The required safety is not ensured in 150 thousand ha of coastal
area to protect, where about 3.9 million people live.

Figure 1.1.2 Completion state of coastal protection facilities



Figure 1.1.2 Transition of coastal protection concept

(Period) (Laws) (Projects) (Concepts of coast protection) (Disasters) (Background)
1945-1954 | Storm surge prevention project (1949) Restoration of damage Many typhoons struck Japan (1948 to 1951)
Erosion prevention project (1952) Rapid progress of coast engineering
Local improvement project (1952)
Disaster restoration support project (1952) Typhoon No. 13 (1953)

Disaster related project (1954)

Restoring exhausted country was the
1955-1964 | Coast law enacted (1956) Main structural measures: banks, Kanogawa typhoon(1958) first priogiw Y
. groins, revetments, and parapets

Ise Bay storm surge countermeasures project Isewan typhoon(1958)

(1959-1964) Chile earthquake tsunami(1960)
Structure standards prepared  Chile earthquake tsunami countermeasures project Dai-2 Muroto typhoon(1961)
(1958) (1960-1966)

Projects under direct control of the national Linear protection method

government started (1960)

Committee for coast protection administrative central office liaison
established (1963)

1965-1974 Typhoon No. 26 struck Shizuoka (1966)

First detached breakwater Tokachioki earthquake tsunami (1968) Increasing  demand  for  seaside

recreation
Five-year project started (1970)

Typhoon No. 10 struck Kochi (1970) llegal disposal of oil drums at Osaka

Environment improvement project (1973) Protecting m:&ilf%lc?g:toaﬂ lines is Typhoon No. 16 struck Kochi (1974) Bay (1971)
1975-1984 | Coast cleaning project (1975) Advancing coastal erosion
Seawall construction projects for public land Typhoon No. 20 struck Kochi and Shizuoka
reclamation (1976) (1979)
Combinatior? of various id . h
Repair project (1978) countermeasures to protect coastal Rapi economic growth
“areas” Promoting high-quality infrastructure

Gentle-slope revetments constructed. development

Coast law agreement (1982)

Nihonkai Chubu earthquake tsunami (1983)

1085-1988 Artificial reef constructed | Area protection method Coastal erosion observed in many
Okinotorishima protection project (1987-1993) areas
Headland defense works developed Typhoon No. 19 struck Kochi (1987)
CCZ project (1987)

Enhanced awareness of the natural




1989-1993 |

1995

1996

1997

1998

1999

2000

2001

2002

Basic environment law

enacted

Long-term vision for the coast

Environment assessment law
enacted

Comprehensive soil
subcommittee report

control

Law on prevention of marine
pollution and accidents revised

Proposal from the Coast
management investigation
committee

The Coast law revised

Revised coast law enacted
Basic coast protection policies
drawn up

Measures  for seaside

environments

restoring and green

Sixth seven-year project (to 2002)
Eco-coast project
Constructing healthy seaside and green areas

Nagisa project (sand bypass)
Iki-iki umino-ko hama-zukuri project

Direct control of Okinotorishima Island

Project for constructing marine and forest
environments rich in nature
Urgent projects against large driftwood, etc. during

disasters

Tsunami and storm surge disaster prevention
stations
Comprehensive grant-aid system for repairing
damage

Investigatory committee on the implementation of a new medium-term coastal

protection

Advanced coastal risk management project
Integration of the grant-aid systems for seawall
construction projects for public land reclamation

environment
Coastal spaces with diverse values

Typhoon No. 11 struck Kagoshima (1989)
Typhoon No. 19 struck many areas of Japan

(1990)

Hokkaido Nansei-oki earthquake tsunami

(1993)

Hyogo-ken Nanbu earthquake
Promoting administrative/financial
reform

Harmonizing  disaster  prevention, Promoting decentralization of power

public use and environment

Petroleum leak from a ship, Nakhodka

Comprehensive coastal management  Tyhoon No.18 caused storm surge damage

to western part of Japan

Typhoon No. 11 caused storm surge damage

Reference: Takeshi Koike, “Past, Present and Future of Coast Disaster Prevention Measures™ (September 2002, 2002 Summer Meeting on Water Engineering, Japan Society of Civil

Engineers)




2) Present safety against tsunamis and storm surges

Even districts where facilities to counter tsunamis and storm surges are completed may still suffer
damage when the levels of tsunamis and storm surges exceed the assumed levels, and may not be always
safe.

Recent technology has improved prediction accuracy and has revealed that external forces exceeding
the present protection level can possibly occur, and may thus cause tsunami and storm surge damage.

Even districts where protection facilities are completed may still suffer damage by external forces
exceeding the assumed levels. These include such places as Okushiri Island, which suffered tsunami
damage during the Hokkaido Nansei-oki Earthquake in 1993, and Kumamoto Prefecture, which suffered
storm surge damage in 1999.

Recent progress of technology has improved the performance of computers and the precision of
measurements (such as reduced grid sizes for ground elevation measurements) and enabled floods and
resultant damage to be predicted accurately. The improvement of accuracy has changed the calculated
scale of external forces of tsunamis and storm surges even when the calculations are made using the same
conditions. The new estimated values exceed the present protection level at some sections of coast,
revealing the true risk of tsunamis and storm surges.

Even areas where structures are completed, as well as those where structures are not completed, are not
always safe against tsunamis and storm surges.



1.2 Issues of disaster prevention measures against tsunamis and storm surges

(1) Urgency of disaster prevention measures against tsunamis and storm surges

Japan has been frequently struck by earthquakes and has suffered damage caused by tsunamis triggered
by large submarine earthquakes. Tsunamis caused by distant earthquakes, such as the Chile Earthquake,
have also struck Japan, and damage by future tsunamis is a concern. A large earthquake is predicted to
occur at any time soon in the Tokai Area, and Tonankai and Nankai earthquakes are predicted to occur in
the first half of this century. Large earthquakes in the Japan and Kuril Trenches are predicted to cause
large-scale tsunamis.

Comprehensive measures for preventing disasters and mitigating damage during tsunamis must be
urgently and systematically established.

Damage caused by storm surges is recently increasing. Although anti-storm-surge facilities have been
steadily constructed since the Isewan Typhoon, there are still districts affected by storm surges.

1) Time urgency of measures against tsunamis and storm surges

Japan is located on the boundary of tectonic plates that has been frequently struck by earthquakes and
tsunamis, the latter arising when large earthquakes occur under the sea. Many large-scale ocean trench type
earthquakes are known to repeatedly occur at certain intervals, and they are predicted to cause tsunamis.

Tokai, Tonankai and Nankai Earthquakes are predicted to occur at intervals of about 100 to 150 years,
and have caused serious damage not only by their strong seismic motions but also by accompanied
tsunamis. Coastal areas suffered serious tsunami damage during the Meiji Sanriku Earthquake, Showa
Sanriku Earthquake, and Tokachioki Earthquake, all of which occurred along the Japan and Kuril Trenches,
and during earthquakes that occurred along the eastern edge of the Sea of Japan, such as the Nihonkai
Chubu Earthquake and Hokkaido Nanseioki Earthquake. Moreover, the Chile Earthquake, which occurred
far from Japan, also caused serious tsunami damage.

Especially, a Tokai Earthquake is predicted to occur at any time soon, and Tonankai and Nankai
earthquakes are predicted to occur in the first half of this century. A large-scale earthquake will also occur
off the coast of Miyagi Prefecture in the next 30 years. These earthquakes are imminent.

Conventional technologies cannot accurately predict the time and place of an earthquake, and other
earthquakes may also occur soon.

The imminence of major earthquakes and major earthquake disasters during and after the Showa Period
are shown in Tables 1.2.1 and 1.2.2, respectively.

Recent earthquakes include the Tottori-ken Seibu Earthquake (October 6, 2000, M7.3), the Geiyo
Earthquake (March 24, 2001, M6.7, killed 2), the earthquake off the cost of Miyagi Prefecture (May 26,
2003, M7.0), the earthquakes in the northern part of Miyagi Prefecture (July 26 to 28, 2003, M5.1 to 6.4),
and the Tokachi-oki Earthquake (September 26, 2003, M8.0). Especially, the Tokachi-oki Earthquake
caused tsunami damage.




Table 1.2.1 Imminence of earthquake

Predicted earthquake Imminence and probability Magnitude Note

Tokai Earthquake Soon MS8.0 1)
i In the first half of thi M8.2 2
Tonankai Earthquake n_t 6_3 Irst hall of this century 8 )
Within 30 years 50% - 3)

] In the first half of this century MS8.6 2)
Nankai Earthquake Within 30 years 40% : 3)

Inter-plate earthquake along a
trench (Sanriku-oki to Boso-oki) | Within 30 years 20% MS8.2 4)
(tsunami-causing earthquake)

Miyagi-ken Oki Earthquake Within 30 years 90% M7.5 4)

Notes:

1) Central Disaster Prevention Council, “Research Committee on Measures against Tokai Earthquakes” (December 2001)
2) Central Disaster Prevention Council, “Research Committee on Tonankai and Nankai Earthquakes” (December 2003)
3) Center for Earthquake Studies, “Long-term evaluation of Nankai Trough Earthquakes” (September 2001)

4) Earthquake Investigatory Committee of the Center for Earthquake Surveys (September 2002)

Table 1.2.2 Major earthquakes since the Showa Period

Date M" Name Deaths™ Tsunami

March 7, 1927 7.3 | Kita Tango Earthquake 2,925 o
November 26, 1930 7.3 Kita lzu Earthquake 272

March 3, 1933 8.1 | Showa Sanriku Earthquake igi; o
September 10, 1943 7.2 | Tottori Earthquake 1,083
December 7, 1944 7.9 | Tonankai Earthquake 998
January 13, 1945 6.8 | Mikawa Earthquake 1,961

December 21, 1946 8.0 | Nankai-do Earthquake 1??2 o
June 28, 1948 7.1 Fukui Earthquake 3,769

May 23, 1960 9.5 | Tsunami by Chili Earthquake 1;5 o

May 26, 1983 7.7 | Nihonkai Chubu Earthquake 104 o
Hokkaido Nansei-oki 201

July 12, 1993 7.8 Earthquake 29 o
6,432

January 17, 1995 7.3 | Hyogo-ken Nanbu Earthquake 3 o

* Scale of the earthquake (magnitude), provided, moment magnitude for the Chile Earthquake
** The upper figure denotes the number of people killed. The lower denotes the number of people missing. (Data cited from
Usami, “Nihon Higai Jishin Soran” (Earthquake damage in Japan, in Japanese), reference by the Fire and Disaster Management
Agency)

Reference: Website of the Meteorological Agency

On the other hand, coastal improvement works have avoided suffering serious damage from storm

surges since the late 1960s in Japan. However, the country is frequently struck by typhoons and is still
prone to serious storm surge damage. For example, Typhoon No. 18 in 1999 affected Kumamoto and
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Yamaguchi prefectures, and killed or injured many people. The risk of storm surges is possibly
increasing due to rises in sea levels and increases in the size of typhoons due to climatic changes. Major
damages occurred by storm surges are shown in Table 1.2.3.

Table 1.2.3 Major storm surge disasters during and after the Showa Period

Principal Injury to people Damage to buildings
Date af;ig;ed Killed | Injured | Missing | Destroyed q ei?rrg;/-e d V\gsvs;]; d Typhoon
1934/09/21 | Osaka Bay 2,702 14,994 334 38,771 49,275 4,277 | Muroto
1942/08/27 | Shubonada 891 1,438 267 33,283 66,486 2,605
1945/09/17 | Southern 2,076 2,329 1,046 58,432 55,006 2,546 | Makurazaki
Kyushu
1950/09/03 | Osaka Bay 393 | 26,062 141 17,062 | 101,792 2,069 | Jane
1959/09/26 | Ise Bay 4,697 | 38,921 401 38,921 113,052 4,703 | Isewan
1961/09/16 | Osaka Bay 185 3,879 15 13,292 40,954 536 | Muroto |1
1985/08/30 | Ariake 3 16 0 0 589 No. 13
Bay
1999/09/24 | Sea of 12 10 0 52 102 No. 18
Yashiro

2) Urgency of disaster prevention measures against tsunamis and storm surges

Reference: Website of the Cabinet Office (in charge of disaster prevention)

Clearly, tsunamis and storm surges can occur at any time. However, the implementation of structural
countermeasures requires a huge amount of expense and time, and comprehensive countermeasures should
be developed by incorporating non-structural countermeasures, so that damage can be minimized.

The Central Disaster Prevention Council investigated measures against tsunamis that may occur by large
earthquakes, such as Tokai, Tonankai and Nankai Earthquakes, and reported.

Extract from the “Outline of Measures against Tokai Earthquakes”

Urgent execution of measures for assisting evacuation during tsunamis
National and regional public bodies shall urgently prepare tsunami hazard maps of coastal area

based on the predicted damage, etc., ensure that all people have sufficient knowledge of tsunamis,
draw up plans for evacuation of each region during tsunamis, and promote systems for evacuation
during tsunamis.

Evacuation sites and routes shall be quickly constructed in coastal areas by appropriately utilizing
projects of various kinds and giving priority to areas of the greatest need. Also, facilities for quick
evacuation, such as evacuation signs, shall be quickly installed. In areas where evacuation sites are
difficult to construct, evacuation sites shall be quickly ensured by utilizing private buildings and other
structures that have enough resistance to predicted tsunamis.

Quick transmission of tsunami warnings, etc., is very important to appropriate evacuation from
tsunami regions. Thus, regional public organizations shall urgently install radio transmission systems
and form a network of such systems. For appropriate evacuation of tourists, such as sea bathers,
information transmission systems shall be developed, and signs of various kinds shall be posted to
establish consciousness among them of the need for evacuation from tsunamis.

Reference: “Outline of Measures against Tokai Earthquakes” (May 29, 2003, Central Disaster Prevention Council)
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Extract from the “Outline of Measures against Tonankai and Nankai Earthquakes”
Establishing disaster prevention systems against tsunamis

Tonankai and Nanaki earthquakes may occur in the first half of this century and cause serious
damage over large areas. Comparing this with the damage by the anticipated Tokai earthquake, the
damage could be more serious, especially by tsunamis. Thus, facilities must be systematically and
steadily improved by inspecting anti-tsunami installations, such as coastal and river banks, for
earthquake resistance and reinforcing them.

To mitigate damage caused by tsunamis, appropriate evacuation is important. The damage predicted
by investigatory committees also shows that injury to people can be sharply reduced if residents are
highly aware and take quick evacuation action of tsunamis. Intensive education is very important in
districts where there is risk of large tsunamis. Measures against tsunamis, both structural and
non-structural, must be developed; for example, constructing evacuation sites and studying evacuation
routes in advance.

Reference: “Outline of Measures against Tonankai and Nankai Earthquakes” (December 16, 2003, Central Disaster Prevention
Council)

(2) Issues concerning tsunami and storm surge disaster prevention in coastal areas

While the urgency and importance of disaster prevention during tsunamis and storm surges are
recognized, there are three issues to be resolved in disaster prevention during tsunamis and storm surges
in coastal areas: 1) reduced self-defensive capability of residents due to lack of awareness, 2) coastal
characteristics prone to disasters, and 3) difficulty of identifying areas that need evacuation.

There are following three issues of disaster prevention during tsunamis and storm surges in coastal
areas:
1) Reduced self-defensive capability of residents due to lack of awareness

A person must always be aware of the danger of disasters in order to defend himself from the danger.
People’s awareness of tsunamis and storm surges rose a great deal after the tsunami during the Hokkaido
Nansei-oki Earthquake, the Hyogo-ken Nanbu Earthquake, and storm surge disasters during Typhoon No.
18 in 1999. However, such awareness level is rapidly decreasing as the years pass by.

[Decreasing awareness level of disaster prevention)

July 1991 ‘ ‘ ‘ 1
B | | | | 40.7
September 1995 |
B [ | | | [ 9.1
September 1997 |
B ‘ | | | ‘ 57.9
June 1999
B | | | | 50.2
September 2002 |
1 [ [ [ 46
0 10 20 30 40 50 60 70 %

Cited from the 2003 disaster prevention white paper “Public Opinion Poll on Disaster
Prevention” (September 2002, Cabinet Office)
Figure 1.2.1 Decreasing awareness level of disaster prevention
To minimize damage to people during tsunamis and storm surges, they themselves need to appropriately
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evacuate dangerous areas based on information from administrative bodies and the mass media. Thus,
residents need to be always aware of the danger of tsunamis and storm surges, be prepared for disasters,
and know the norms of actions to take. However, their awareness of disaster prevention is fading as the
years pass by after the Hokkaido Nansei-oki Earthquake, the Hyogo-ken Nanbu Earthquake and the storm
surge during Typhoon No. 18 in 1999. Various projects which steadily improves protection for coastal
areas also help accelerate such tendancy.

Administrative bodies, which are to support residents in evacuation and undertake regional disaster
prevention activities, should bear important roles since local communities lack strong relationship among
their residents, but the number of administrative staff who have actually experienced disasters is
decreasing. Local residents and administrative bodies need to cooperate in flood fighting activities, but a
great concern is declining self-defensive capability, due to the residents’ decreasing awareness of the risk
and the decreasing number of capable staff in local governments.

[Column: Disaster prevention awareness and evacuation behavior]

Kesennuma City was struck by tsunamis during the Sanriku and Chile Earthquakes. The area has been
very conscious of tsunami disaster prevention, and tsunami disaster prevention maps have been
distributed to the residents. During the Sanriku Minami Earthquake on May 26, 2003, approximately 90%
of the residents spontaneously thought about the possibility of a tsunami. However, only 10% took
evacuation action and the majority did not evacuate but stayed at home collecting information through
TV, etc. until an announcement declared no tsunami 12 minutes after the earthquake. Even people who
are very conscious of disaster prevention do not always take evacuation action, which clarifies that
methods for enhancing people’s awareness level and for giving them information regarding evacuation
should be improved to bridge knowledge and action.

\

Did not think Was engaging in
Do not remember. about it. disaster prevention
activities

Do not remember.
1.8%

Never heard about
|t 3.7%

Evacuated.

Never seept,
12.8%

Thought™ about
tsunami

spontaneously. Did not evacuate.

Have heard about it,

Do you know about Have you seen a disaster Did you think abouta What did you do during
tsunamis? prevention map? tsunami during the the earthquake?
earthquake?

Reference: May 26, 2003, “Survey report on evacuation of Kesennuma citizens from tsunami during the Sanriku Minami
Earthquake”

(September 2003, Katada Laboratory, Department of Civil Engineering, Faculty of Engineering, Gunma University)

2)_Coastal characteristics prone to disasters
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Japan is surrounded by sea and has coastal characteristics prone to damage from tsunamis and storm
surges. Compared to European and North American countries, Japan has long coasts in relation to its area.
Thus, it needs a vast amount of time and expense to construct coast protection facilities.

Especially, large cities, in which population and assets of various kinds are concentrated, have recently
expanded toward the sea, including residential areas and districts covering various city functions, and
becomes a concern for great damage by tsunamis and storm surges. On the other hand, in districts where
the mountains are close to the sea, villages are scattered in a narrow strip of lowland. Protection of these
villages from tsunamis and storm surges is a difficult but important issue. Coastal erosion has been noticed
in various parts of Japan since the late 1950s, and non-experienced areas of tsunamis and storm surges
could be struck by such disasters in future.

In lowlands, where the elevation is almost zero, storm surges and tsunamis are known, from the past
inundation record, to cause large areas to inundate. Thus, even sites far from the coast are not always safe.

When a large earthquake occurs near the coast, the resultant tsunami will reach the coast very fast, and
there will be little time to evacuate. Storm surges, which can be predicted to a certain extent, may cause
serious disasters if a levee breaches and allows water to flash inland.

Thus, especially in lowlands, disaster prevention measures must be developed based on thorough
understanding of the flood properties of each area.

3) Difficulty of identifying areas that need evacuation.

When damage by tsunamis or storm surges is predicted, the mayor of a city must issue evacuation orders
to residents in areas to be affected. Although the decision standards are to be stated in regional disaster
prevention plans, etc., some plans state no such standards, and others state standards which are not specific
enough. When a large earthquake occurs near the coast, the resultant tsunami will reach the coast very fast,
and there will be little time of decision of evacuation order. When a levee breaches during a storm surge,
the resultant flood spreads unexpectedly fast. Thus, it is difficult to identify areas over which evacuation
orders and advice are to be issued.
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1.3 Direction of development of measures to prevent disasters by tsunamis and storm surges

(1) Considerations for disaster prevention measures against tsunamis and storm surges

Disaster prevention measures against tsunamis and storm surges should include education for residents,
providing and sharing information, and enhancing cooperation and measures for mitigating damage.

Disaster prevention measures against tsunamis and storm surges should consider the followings:
1) Educating residents to increase awareness of disaster prevention

Residents should be educated so that they can collect information by themselves and voluntarily
exercise caution and take evacuation actions. Administrative bodies should provide them with disaster
prevention information on a regular basis, explain the limits of disaster prevention facilities, and make
efforts to raise residents’ awareness level toward disaster prevention.

Table 1.3.1  Useful knowledge about tsunamis
1. When strong earthquake motion is felt (seismic intensity of over 4) or when earthquake motion is
weak but long, evacuate from the coast to a safe place at once.
2. Even when no earthquake motion is felt, evacuate from the coast to a safe place at once when a
tsunami warning is issued.
3. Collect accurate information through radio, TV and municipal information cars.
4. Do not bathe or fish when a tsunami advisory is issued, because there is still some risk of a tsunami
reattack.
5. Tsunami strikes come repeatedly. Stay alert until the tsunami warning or advisory is called off.

Cited from: “Thorough understanding of tsunami warnings in coastal areas” (July 1999, Communication Council of
Tsunami-related Ministries and Agencies)

2) Providing and sharing information for disaster prevention

When a large earthquake occurs near the coast, the resultant tsunami reaches the coast very fast and
there will be very little time to evacuate. Thus, evacuation action needs to be taken quickly. The need of
evacuation from a storm surge during a typhoon depends on its route. Thus, disaster prevention
information, such as tsunami warnings and storm surge warnings, must be provided in real time and be
shared among administrative bodies and residents. Municipal governments and related organizations must
establish systems for sharing information with residents, and must construct a disaster-resistant
information network.

3) Enhancing cooperation

Local communities, which have become weak, should be reconstructed, and cooperation among
municipal governments and related organizations should be enhanced to smoothly collect and transmit
information. Especially, disaster-vulnerable people, such as the elderly who live alone, will possibly have
difficulty evacuating by themselves during disasters, and administrative bodies and local residents need to
cooperate in evacuation activities.

4) Enhancing measures for mitigating damage

Measures for mitigating damage need to be investigated in advance by assuming inundation, since
tsunamis and storm surges that exceed the assumed scale of the facilities can possibly occur. Measures for
mitigating damage include those that are taken before and during a tsunami (storm surge), and also include
stuctural and non-structural measures. All the measures must be developed by considering the
characteristics of the coast and possible inundation.
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(2) Direction of development of countermeasures to prevent disasters by tsunami and stormsurge

Tsunamis and storm surges must be counteracted by taking structural measures up to certain external
force levels (the design protection level). Forces exceeding the level are difficult to deal with only by
structures, since they require a huge amount of expense, and thus non-structural measures should be
developed as well. Non-structural measures are effective even when external force levels are within the
designed range.

The structural and non-structural measures for preventing disasters need to be coordinated so as to
minimize the damage, improve the protection standards by constructing appropriate structures, enhance
the self-defense capability of residents through non-structural measures (for example, sharing disaster
prevention information),and, as a result, mitigate damage.

1) Structural and non-structural measures for preventing disasters during tsunamis and storm surges

Structural measures for preventing disasters denote those for improving the protection level using
tsunami and storm surge control structures and damage prevention structures. Non-structural measures
denote those against tsunami and storm surge disasters that cannot be controlled by structures alone, and
include provision of disaster information before, immediately before, immediately after, and after the
disasters, construction of evacuation sites, and development of systems and facilities for mitigating
damage. Preparation of hazard maps is one of the non-structural measures.

Typical structural and non-structural measures for preventing tsunami and storm surge disasters are
shown in Table 1.3.2. Note that some non-structural measures involve structural factors (such as
construction of evacuation routes).

Table 1.3.2 Examples of structural and non-structural measures for preventing tsunami and storm surge disasters

Class Obijectives Measures
Structural Non-structural
Breakwaters against storm Maintaining and inspecting facilities

surges and tsunamis Checking the functions of the facilities

Control Tide embankments, banks, and Effective and efficient operation of the
Structural tsunamis | revetments facilities
and storm Water gates and land locks

surges Seaside forest

Reinforced concrete, and steel
reinforced concrete, buildings

Evacuation routes and sites Establishing land use plans
Information communication Measures to encourage voluntary
facilities evacuation of residents when a typhoon

approaches and after an earthquake
Issuing tsunami and storm surge
warnings

lzj/la:%%at: Sharing knowledge on past tsunamis
during and storm surges
Non-structural tsunan?is Providing education on disaster
and storm prevention
surges Executing evacuation drills

Establishing self-defensive
organizations
Preparing tsunami and storm surge
hazard maps
Assuming damage and examining local
disaster prevention plans

Reference: Yoshiaki Kawata “Coast Disaster Prevention as Risk Management” (in Japanese)
(September 2002, 2002 Summer Study Session on Water Engineering, Japan Society of Civil Engineers)
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2) Coordination between structural and non-structural measures for preventing tsunami and storm surge
disasters

The relationship between structural and non-structural measures for preventing disasters is shown in
Figure 1.3.1. Up to a certain level (the design protection level), external forces should in principle be
controlled by structures. Forces exceeding the design level are difficult to be controlled by the structures
alone mainly due to high costs, and non-structural measures need to be implemented. non-structural
measures are also effective against external forces below the design level for areas where structures are not
yet completed and when the structures fail to function. However, the structures are indispensable for
ensuring safety and must be steadily constructed and improved. Especially in areas where population and
assets concentrate and the need of reducing risk is high, the protection level should be raised by improving
protection structures so that the design level approaches the maximum permissible risk.

Protection goal by
non-structural measures
(external force level 3)

Probability of
occurrence

<Preventing
damage>

Design protection goal
(external force level 2)

L g <Mitigating damage> e Limit of disaster prevention
Risk mounts toward the |
maximum permissible risk as i
assets are concentrated. i

Permissible ‘Maximjm permissible risk‘
i

Disaster prevention . . .
using structures Serious disaster
(structural)

Disaster prevention
using information

/ (non-structural)
W m Scale of external force

I -t P

No Non-serious damage Serious damage
damage

A

Figure 1.3.1 Relationship between structural and non-structural measures for preventing disasters
Reference: Yoshiaki Kawata “Coast Disaster Prevention as Risk Management (in Japanese)”
(September 2002, 2002 Summer Study Session on Water Engineering, Japan Society of Civil Engineers)

As shown in Figure 1.3.2, the structural and non-structural measures for preventing disasters need to be
coordinated so as to minimize the damage, improve the protection standards by constructing appropriate
structures, enhance the self-defense capability of residents through non-structural measures (for example,
sharing disaster prevention information) and, as a result, mitigate damage.

17



__External

& mm force 7
J\exceeding the
2,

\\\\\\\\\\\\\ o

Capacity of Intdnsi

structures
<Int ; ////////// for of
nsity preventing exte
of // disaster forg
exter
nal
force y NSRS 4 (J( \\\\\\\\\\\\
>

-~ —
Non-structural measures to cover the difference
Structures alone non-structural measures
+
structures

Figure 1.3.2 Schematic diagram of coordination between structural and non-structural measures for
preventing disasters

Actual methods for coordinating structural and non-structural measures for preventing disasters include:
a) Understanding the performance of coast protection facilities in the area (crown height, earthquake
resistance, etc.), estimating possible damage in the area, and assessing the present risk.

b) Deciding the permissible damage level and safety level.

c¢) Deciding priority for construction, improvement or repair of coast protection facilities, including
installation of a remote control system for closing and opening water gates and land locks, based on the
performance of coast protection facilities and risk assessments, and efficiently executing projects that are
immediately effective for mitigating damage. (Structural measures)

d) Informing local residents about what external force would cause what degree of inundation at that site in
that district based on the present status of facility construction, since constructing coast protection facilities
requires expense and time.

e) Providing tsunami and storm surge hazard maps to residents so that they know the evacuation routes and
evacuation sites during disasters, prepare against disasters and enhance their defensive capability. Roads
and sites for quick evacuation are to be constructed. (Structural measures)

f) The priority should be given to constructing evacuation sites and various facilities in areas containing
hospitals and other welfare facilities accommodating many people who cannot evacuate by themselves,
densely populated districts, and areas that have wooden buildings prone to collapsing and blocking
evacuation routes since residents in such areas and districts may have difficulty evacuating by themselves.
Land use plans and land use regulations may also need to be revised for areas prone to serious damage.
(Disaster prevention measures for enhancing further safety)
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a) Assessing the present risk by evaluating the performance of existing facilities and
estimating possible damage

b) Deciding permissible damage and safety level

o

d) Informing of the risk of disaster

e)‘ Non-structural measures for disaster prevention

Enhancing self-defensive capability during disaster by providing tsunami and
storm surge hazard maps to residents

f)| Disaster prevention measures for enhancing safety

Giving priority to constructing evacuation sites and related facilities in areas
where people have difficulty evacuating by themselves, and revising land use
regulations

Promoting the construction of immediately effective
Structures for disaster prevention

structures

Figure 1.3.3 Coordination of flow between structural and non-strucutural measures for disaster
prevention

19



As a reference, structural and non-sturucutural measures for preventing tsunami disasters and the
position of hazard maps are shown in Figure 1.3.4.
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Figure 1.3.4 Position of hazard maps in structural and non-structural measures for preventing tsunami
disasters
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1.4 Roles of hazard maps as a measure for preventing disasters caused by tsunamis and storm
surges

(1) Roles of tsunami and storm surge hazard maps

Tsunami and storm surge hazard maps are tools for mitigating damage during tsunamis and storm
surges, mainly in a self supportive and mutually supportive manner, and to help administrative bodies to
draw up evacuation plans, provide education on disaster prevention, increase public awareness of
disaster prevention, construct strong communities against disasters, and enhance communication with
residents regarding risks.

1) Three support classifications of disaster prevention

Disaster prevention can be classified into “self support”, “mutual support”, and “public support”
activities. National and regional public organizations have mainly promoted public support projects, such
as construction of coast protection facilities. However, public support activities alone are insufficient for
preventing disasters. Substantial mutual support systems, which involve cooperation with local residents,
volunteer groups, and private companies, and self support activities to protect oneself are also needed. As
the Hyogo-ken Nanbu Earthquake revealed, the majority of activities during the earthquake were either
self support or mutual support in nature, as residents made their own escape from houses that collapsed
during the earthquake and reconstructed new houses, but people in general still feel that disaster prevention
is a role of governments, which proves a strong dependency of the public toward public support. Self
support and mutual support activities are likely to be increasingly important especially during the period
immediately after a disaster until public support activities start; one should naturally realize their further
importance when considering the disaster-vulnerable population, which will become larger and larger as
the aging society progresses. Of residents in areas prone to damage, some may be elderly and living alone,
and some may need help to evacuate. To help these people, residents in high-risk areas need to be
conscious of self support and mutual support activities for disaster prevention.

It is important to make the most of tsunami and storm surge hazard maps as tools to assist self and
mutual support activities in coordination with evacuation plans, disaster prevention education, activities to
increase public awareness of disaster prevention, construction of strong communities against disasters, and
communication enhancement with residents about risks.

Public
support

Figure 1.4.1 Three support classifications of disaster prevention
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2) Role of hazard maps

The most important non-structural measure of information provision for preventing disasters during
tsunamis and storm surges is tsunami and storm surge hazard maps. The maps will enable residents to
quickly evacuate from dangerous areas, obtain knowledge about the predictable risks, and be aware of
disaster prevention. They will also be effective to promote construction of strong communities against
disasters.

The contents of and investment for projects against unexpected disasters should be decided by not only
governmental advice but also communication with residents about degree of risk, costs involved. Tsunami
and storm surge hazard maps can be used as a tool for risk communication, in which local residents and
administrative bodies share information about disasters and jointly investigate countermeasures.

[Column: Risk communication]

All phenomena in this world, including scientific technologies, can be both useful and dangerous.
Therefore, administrators and companies, which are the owners of certain information, should inform
people of the usefulness and danger of the phenomena and discuss how to deal with it to save people
from the risk. Disclosing not only the positive side of a subject but also all of its negative side, such as
risks, in a fair manner, is called “risk communication”.

Regarding risk management in terms of the way for a group of people to confront risk, exchange of
information, experience, sense and knowledge, and mutual understanding among people, are called “risk
communication”. When people confront risks, many seek for strategic management to avoid, reduce, and
mitigate damage and exercise risk communication by actively providing and exchanging information.
Risk communication also denotes two-way communication among interested parties on risks and
countermeasures by increasing the parties’ involvement. Here, communication is regarded as part of
“management” in a broad sense, and both are interpreted together.

Reference: “Encyclopedia of Risk” (in Japanese) (2000, The Society for Risk Analysis, Japan-Section)
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(2) Roles of tsunami and storm surge hazard maps

In disaster prevention during tsunamis and storm surges, tsunami and storm surge hazard map
functions as non-structural measures for enhancing the self defensive capability and evacuation activities
of residents, and also as structural measures for supporting the investigation of what facilities to

construct to improve protection levels.

Typical structural and non-structural roles of tsunami and storm surge hazard maps include:

[Non-structural roles]

1) Providing residents with information about disasters, evacuation, etc.

2) Providing administrators with information about disasters and evacuation,

3) Serving as a tool for risk communication between residents and administrators.

[Structural roles]

1) Providing support for investigating about what facilities to construct (improve) to improve protection

levels

2) Providing support for investigating about construction of evacuation sites, systems for monitoring coast
protection facilities, and other counter-disaster systems, and
3) Providing support for investigating about post-disaster restoration measures.

Table 1.4.1 Roles of tsunami and storm surge hazard maps in disaster prevention

Class Target

Example of measure

Role of hazard map

Non-structural Residents

« Raising awareness

« Providing evacuation information

« Evacuation drill

Providing information about
disasters to residents

Administrators

» Measures for preventing disaster

« Disaster prevention activity plans

« Preparing for evacuation

« Evacuation plan, support plan

« Constructing  counter-tsunami  and

storm surge systems

« Information about tsunami and storm
surge warnings

Providing information about
disasters to administrators

Residents and
administrators

« Risk communication between

residents and administrators

Tool for risk communication

Structural Administrators

« Constructing and improving structures
for improving protection levels

- Constructing  disaster  prevention
stations

« Providing information about sites that
must be urgently dealt with

« Constructing systems for operating
and monitoring facilities (water gates,
land locks, etc.)

- Restoration plan by understanding
states of damage in real time

Providing information about
priority of facilities
Providing support for

investigation of construction of
evacuation sites, systems for
monitoring coast protection
facilities, and other systems
against disasters

Providing supports to
investigate post-disaster
restoration measures
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Chapter 2 Overview of tsunami and storm surge hazard maps

2.1 Purposes of preparing tsunami and storm surge hazard maps

Hazard maps for residents are prepared to provide residents with the information necessary for taking
appropriate evacuation actions, such as the risks of tsunamis and storm surges, and evacuation sites and
routes.

Hazard maps for administrators are prepared to assist administrative bodies in carring out their duties,
such as devising and taking disaster prevention and emergency measures.

Hazard maps for residents are prepared to provide residents with the information necessary for taking
appropriate evacuation actions, such as the risks of tsunamis and storm surges, and evacuation sites and
routes, in an easy-to-understand manner.

Hazard maps for administrators are prepared to assist administrative bodies and management bodies in
carrying out their duties, such as devising and taking disaster prevention measures and taking emergency
measures. For example, such maps can help those in charge of disaster prevention to draw up evacuation
plans and also support those of coast, ports and fishing ports to plan construction of facilities and safety
measures for users.

Hazard maps for private companies are also effective to select locations appropriate for building offices
and factories, to draw up evacuation plans from offices and factories located in inundation-prone areas,
especially from factories and research facilities handling hazardous materials, and to investigate management
of the hazardous materials.
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2.2 Target disasters and range of tsunami and storm surge hazard maps

Tsunami and storm surge hazard maps are to be prepared for each municipality, which is the unit of
administrative rights and responsibility. Coordination with adjacent municipalities may be considered
when it is necessary in terms of topography and evacuation.

Tsunami hazard maps and storm surge hazard maps should in principle be prepared separately.

1) Range
Since the chief of a municipality is responsible for evacuation from the area (Article 60 of the Disaster

Countermeasures Basic Law), tsunami and storm surge hazard maps are to be prepared for each
municipality.

However, in areas that belong to different municipalities but which should be regarded as a single area in
terms of topography (for example, an area surrounded by a large river), an inundation risk area should be
identified regardless of municipal boundaries. It is important to keep consistency in terms of the setting of
external forces among neighboring municipalities. Similarly, it should be noted that evacuation plans are also
to be investigated regardless of municipal boudaries in some cases.

Evacuation sites and routes from the shore side of coast protection facilities must also be shown on hazard
maps when there are possibilities of users and workers being in the zone. Foreshore reclaimed land, wharfs,
marinas, beaches, coastal parks, etc., must be included in the maps, and evacuation sites and routes must be
decided.

2) Target disaster
Both tsunamis and storm surges cause inundation, but are substantially different in cause, inundation

pattern, and evacuation method. Thus, tsunami hazard maps and storm surge hazard maps should in principle
be prepared separately.

For residents to use hazard maps, a comprehensive hazard map which contains information about storm
surges, tsunamis, floods, and sediment-related disasters is desirable. However, the scope of this manual is for
tsunami hazard maps and storm surge hazard maps, which are to be given priority over the preparation of a
comprehensive map because:

a) Hazard maps for tsunamis and storm surges need to be urgently prepared, and
b) Individual maps are needed to prepare a comprehensive map.

This manual describes preparation of tsunami hazard maps and storm surge hazard maps as a preliminary

process of preparing a comprehensive hazard map.
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2.3 Bodies in charge of preparing tsunami and storm surge hazard maps and their roles

Tsunami and storm surge hazard maps for residents should be prepared by municipal governments,
which are responsible for evacuation of residents, and tsunami and storm surge hazard maps for
administrators should be prepared by the appropriate administrative divisions with the support of
prefectural and national governments.

Municipal, prefectural, and national governments should bear appropriate roles in preparing tsunami
and storm surge hazard maps for residents according to the areas covered by the maps. Hazard maps
should be prepared by both administrative bodies and residents working together, not be prepared by
administrative bodies alone and distributed to residents in a completed form. Residents’ participation
should be encouraged in preparation of the maps through workshops, etc., so that more regional
characteristics can be incorporated into the maps, residents can be more aware of hazard maps and be
more encouraged to utilize the maps.

Prefectural and national governments should support municipal governments in preparing tsunami and
storm surge hazard maps by providing data on inundation prediction and constructing a database for
coastal topology.

1) Main body in charge of preparing hazard maps

Since the ultimate objective of hazard maps for residents is to assist them in evacuating quickly during
disasters, the maps should be prepared by municipal governments, which are responsible for evacuation of
local residents and carry detailed information around the target areas.

Hazard maps for administrators should be prepared by individual divisions depending on the purposes of
the maps.

The basic concepts of role allotment for administrative bodies at each level are described in the following
section, but prefectural and national governments should provide support flexibly based on regional
characteristics and conditions.

2) Role allotment in preparing hazard maps for residents

Joint preparation of a integrated map for inundation-prone areas by neighboring municipalities is
desireable in some cases so that they can avoid redundancy in calculations and ensure consistency in terms of
external forces and damage. In such cases, prefectural and national governments assist municipal
governments by providing the necessary data and conditions for prediction, conducting inundation prediction,
and coordinating neighboring municipalities for cooperation. Constructing a coast database for the entire
Japan will also a great contribution by prefectural and national governements to efficient preparation of
tsunami and storm surge hazard maps.

Participation of residents in the preparation of tsunami and storm surge hazard maps is an effective way to
incorporate regional characteristics into the maps, raise residents’ awareness toward the maps, and encourage
them to utilize the maps. Municipal governments should construct a system for enabling residents to actively
participate in preparation of tsunami and storm surge hazard maps through workshops, etc.

Inundation-prone areas may need to be identified by prefectural and national governments depending on
the financial conditions and technological capacities of individual municipal governments.

The concepts of roll allotment among residents, municipalities, and prefectural and national governments
in preparing tsunami and storm surge hazard maps are shown in Table 2.3.1
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Table 2.3.1 Roles of residents, municipalities, and prefectural and national governments in preparing

tsunami and storm surge hazard maps

Body

Roles

Municipal
government

1) Prepare tsunami and storm surge hazard maps

« Establish preparation conditions appropriate to the region

« Prepare maps, and predict inundation and assume damage in individual zones

2) Encourage participation of residents to devise original safety measures, enhance the
consciousness of self-defense, and understand the risks

Prefectural
government

1) Assist preparation of tsunami and storm surge hazard maps when the maps are to cover
two or more municipalities or when municipal governments have difficulty preparing the
maps independently

« Identify external forces and inundation areas, and assume damage

National
government

1) Provide technical assistance to prefectural and municipal governments when the area for

which a hazard map is to be prepared extends over two or more prefectures or when

prefectural governments alone have difficulty preparing the maps

2) Develop and reinforce administrative methods

« Solve issues regarding preparing tsunami and storm surge hazard maps

« Construct systems for supporting preparation of hazard maps

3) Provide and share knowledge and information

« Prepare the manual for tsunami and storm surge hazard maps

« Provide information to, and share the knowledge of risks with, municipal governments to
promote preparation of hazard maps

« Actively cooperate with bodies in charge of hazard map preparation

4) Construct databases on basic coast information

« Improve the efficiency of hazard map preparation by constructing databases

5) Support disaster prevention activities of municipal governments by providing real-time

information in connection with and by utilizing hazard maps

Residents

1) Participate in preparation of tsunami and storm surge hazard maps

« Participate in hazard map workshops to help incorporate regional characteristics into the
maps, enhance understanding of those characteristics, and promote more frequent use of the
maps.

3) Roles of disaster prevention organizations and coast administrators

Both organizations related to disaster prevention and coast administrators should actively support bodies
in charge of tsunami and storm surge hazard map preparation. This cooperation is expected to reinforce the
consciousness of disaster prevention organizations and coast administrators about disaster prevention and
about information sharing in the field of disaster prevention.

In practice, coast administrators should provide various kinds of information that are necessary for
predicting inundation during tsunamis and storm surges to bodies in charge of preparing the maps.
Information that should be provided includes the mechanisms of damage to coast protection facilities, water
depth and elevation data used to predict inundation during tsunamis and storm surges, and areas that
inundated during disasters in the past. Port management bodies and administrators of fishing ports should
also provide various kinds of information concerning facilities in ports and fishing ports to bodies in charge
of preparing the maps.
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Figure 2.3.1 Bodies in charge of preparing tsunami and storm surge hazard maps

4) Supporting the preparation of tsunami and storm surge hazard maps by constructing a coast database

In order to minimize damage, an appropreate combination of structural and non-structural measures is
necessary. In particular, to mitigate damage from tsunamis and storm surges, a coast database needs to be
constructed for storing various kinds of information necessary for assessing the risk of indivisual coastal
areas. Construction and utilization of the coast database will reduce the load of collecting and analyzing the
data necessary for preparing tsunami and storm surge hazard maps and enable the maps to be efficiently

prepared.

Table 2.3.2 Examples of data necessary for preparing tsunami and storm surge hazard maps

Class of data

Example of data

Data necessary for predicting inundation

« Type of facility

« Crown height of facility

« Elevation of the ground

Data to be shown on tsunami and storm surge

hazard maps

« Population
« Land use data
« Disaster records

« Inundation prediction data (tsunami, storm surge)

5) Schedule of tsunami and storm surge hazard map preparation

As described in Chapter 1, measures against tsunamis and storm surges must be urgently taken, and
tsunami and storm surge hazard maps should be prepared as quickly as possible depending on the urgency in
each district, with the support and cooperation of related organizations.
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2.4 Forms and expressions of hazard maps

Hazard maps for residents must be easy to understand and use. To use the hazard maps for evacuation
during disasters, use of fluorescent inks and water-proof materials and other methods should be
considered. Information to be used during evacuation must be expressed in a simple manner and in a way
different from information that is used for education in normal times.

Hazard maps for administrators must also have forms and expressions appropriate for the purpose of
use.

1) Forms of tsunami and storm surge hazard maps

Tsunami and storm surge hazard maps must have forms (media, materials, size, etc.) that are easy to use
and to understand. Especially, hazard maps for residents are desirably posted at homes and thus should be in
forms that can be posted on places that are easy to see. For example, the proper size of the maps may be
about A3, considering posting on a refrigerator together with a schedule of garbage collection, list of phone
numbers, and notices from governments. Also considering the carrying of the maps during disasters, they
should be readable at night and water-proof.

The foregoing is draft ideas of hazard maps to be distributed to homes for residents. Hazard maps for
outdoor display (evacuation signs, sign boards) and for educational display should take different forms and
expressions to serve their specific purposes.

2) Expressions of tsunami and storm surge hazard maps

Expressions used in tsunami and storm surge hazard maps should be carefully chosen so as to be correctly
understood by residents. Especially, hazard maps for residents are to be used for evacuation during disasters,
and residents may face danger and even be killed when they fail to correctly understand information on
hazard maps. Thus, hazard maps for residents must be simple and easy to understand.

However, showing inundation risk areas and evacuation zones in an easy-to-understand manner may give
residents a false idea that only the areas shown in the maps will always inundate during tsunamis and storm
surges. Thus, measures should be devised to avoid giving false ideas. (See 4.4 Methods for displaying
predicted inundation risk areas and evacuation areas for details of displaying inundation-prone areas and
areas that need to be evacuated.)
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2.5 Procedure for preparing tsunami and storm surge hazard maps

Tsunami and storm surge hazard maps should be prepared by 1) identifying inundation risk areas, and
2) displaying disaster prevention information about tsunamis and storm surges.

Inundation risk areas should be identified by setting conditions, such as external forces and facilities,
and conducting simulation analyses for predicting inundation, assessing the risks of facilities, etc.

Disaster prevention information about tsunamis and storm surges should be displayed by identifying
items and contents of information to be displayed and deciding display methods, such as symbolization,
of the information. Information characteristic to each region, which is identified in workshops, should
also be displayed.

1) Procedure for preparing tsunami and storm surge hazard maps
A flow of preparing and utilizing tsunami and storm surge hazard maps is shown in Figure 2.5.1. A
procedure for preparing tsunami and storm surge hazard maps is shown in Figure 2.5.2.
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Figure 2.5.1 Flow of preparing and utilizing tsunami and storm surge hazard maps
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As shown in Figure 2.5.2, hazard maps for residents are prepared by adding basic information for
evacuation (minimum information indispensable for evacuation) and additional information for evacuation
(such as maximum water depths predicted and estimated arrival time) to maps showing inundation risk areas.
Hazard maps for administrators are prepared using basic information (information that can be shared, such as
inundation risk areas and coast protection facilities) and information related to purposes specific to each
administrative group (disaster prevention centers, police stations, fire departments, etc.). (See Chapter 4 for
the information to be displayed in tsunami and storm surge hazard maps.)

Table 2.5.1 Information to be stated in tsunami and storm surge hazard maps
Map Information Notes
Hazard maps | Information for evacuation | Basic information for evacuation (See p.
for residents | (See p. 55) 57)
Information necessary for | Basic information indispensable for
gvacuation, such as | evacuation
evacuation sites and routes Additional information for evacuation | Added to the
(See p. 57) hazard  maps
Minimum additional information needed | depending on
in the region region
Educational information on disasters (See p. 55) Distributed

Information for enhancing the knowledge of residents about tsunamis

and storm surges

separately, etc.

Hazard maps
for
administrators

Information for preventive | Basic information (See p. 59)
measures (See p. 59) Shared information

Information useful for taking

preventive measures Information based on different
Information for emergency | purposes (See p. 59)

measures (See p. 59) Information necessary for each
Information useful for taking | specific purpose

emergency measures
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Figure 2.5.2 Flow of preparing hazard maps for residents and administrators

2) ldentifying inundation risk areas by considering the characteristics of tsunamis and storm surges

Highly precise inundation prediction should be conducted by considering the characteristics of tsunamis
and storm surges, including time sequential information such as inundation depth, velocity, and inundation
initiation time. This information is used to execute non-structural disaster prevention measures, such as
evacuation, and structural measures, such as construction and improvement of coast protection facilities.

Those in charge of preparing tsunami and storm surge hazard maps should conduct thorough
investigations to determine the kinds and precision of inundation information that are needed for the maps to
identify inundation risk areas. Prediction of inundation is the core of tsunami and storm surge hazard maps,
and should be improved in accuracy by conducting numerical simulations, which can reflect precise settings
of external forces and facilities and calculate time sequential data, such as inundation depth, velocity and
inundation initiation time. (See Chapter 3 for methods for identifying inundation risk areas.)

When numerical simulations are difficult to perform, tsunami and storm surge hazard maps can be
prepared just by using available data. For example, past inundation records can be used instead of inundation
prediction calculations, and hazard maps can be prepared using the results of inundation prediction
conducted using simple methods, records of disasters in the past, and records of evacuation sites and routes
that could not be used due to inundation and collapse of buildings. In such a case, the possibility of
inundation damage that exceeds the recorded damage in the past should be stated, and the estimated
inundation risk areas and the information on the maps should be revised afterward in stages.

It should also be noted that prediction of inundation using numerical simulation contains uncertainty. (See
4.4 Methods for displaying predicted inundation risk areas and evacuation areas for methods for dealing
with uncertainty.)
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2.6 Utilization of hazard maps during evacuation

Residents collect information such as evacuation sites and routes from hazard maps for residents and
take evacuation action. Evacuation sign boards which conform with the hazard maps should be installed,
and real-time information should be provided for people who do not look at the hazard maps and for
preparatio for situations that can not be assumed from the maps.

Hazard maps for residents are used to take appropriate evacuation action during emergencies.
Relationships between tsunami and storm surge hazard maps, evacuation measures, and evacuation action,
are shown in Table 2.6.1. Past records showed that the time of obtaining information affected the evacuation
behavior of residents, and delays in transmitting disaster information will lead to delays in evacuation action.
Thus, information must be quickly transmitted at appropriate timing. Evacuating as soon as an earthquake is
felt is the basic of evacuation from tsunami risk areas.

Table 2.6.1 Relationships between tsunami and storm surge hazard maps, evacuation measures, and
evacuation action

Hazard map Evacuation measures and evacuation action
.Hazard map for residents | Local residents collect information that helps them decide evacuation,
(printed on paper) such as the risk of tsunamis and storm surges, evacuation sites, and

evacuation routes

« Hazard map for administrators | Administrators utilize the map to construct evacuation sites and routes,
select appropriate sites for establishing countermeasures centers,
construct and improve disaster prevention facilities along rivers and
coasts and at ports, educate people on disaster prevention, and draw up
land use and regional development plans

Information shown in hazard maps for residents is preliminary information, and residents are expected to
evacuate during an emergency based on the actual situation and the information on the maps. However,
residents can collect little information about the situation during an emergency and may fail to make a sound
judgment. Measures are also needed for people who do not look at the maps and for preparation for
situations that can not be assumed from the maps. Thus, appropriate evacuation action should be assisted by
installing evacuation sign boards which conform with hazard maps and by providing real-time information.

For example, real-time information provision through radio communication systems of municipal
governments should also be in conformity with information shown on hazard maps. 1T-based two-way
systems for reading hazard maps are a possible method for providing real-time information during
emergencies.
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2) Prediction by numerical simulation in time sequence

An overview of numerical simulation in time sequence is shown in Table 3.3.2. Numerical simulation by
considering time series enables the collection of precise time-sequential data, such as inundation depth, flow
speed, and inundation initiation time. Such data is necessary for devising non-structural measures like
accurate tsunami and storm surge hazard maps, which helps people to evacuate safely. It is also useful to
design structural measures suited to the characteristics of the inundation in the region.

Table 3.3.2 Numerical simulation in time sequence

Class Contents

Tsunami simulation « Numerical calculations for tsunamis should be in principle based on the
non-linear long-wave theory. However, tsunami movements in the deep sea can
be approximated to linear long waves.

« Tsunami movements in shallow sea areas, including run-up on the land, should in
principle be simulated using the theoretical equation of non-linear long waves
(the shallow water theory), in which friction at the ocean bottom and advection
are considered.

« Cross oceanic propagation of a tsunami should in principle be calculated using
the theory of linear dispersive waves.

« Uncertain factors of calculation, such as the reflection rate, the conditions of
wave tips, the coarseness of the ground, and the precision of calculation, should
be decided based on the purpose of preparation, subjects of assessment, and
technical levels at the time of preparation.

« Tsunamis may not always exhibit the maximum rise and drop in water level
during the first wave, and thus a sufficiently long period of time should be
secured for estimating the maximum values.

Storm surge simulation | « Storm surges should in principle be simulated by using the non-linear long-wave
theory, and storm surge movements in the deep sea can be approximated to linear
long waves.

« Storm surge movements in shallow sea areas and inundation of the land should in
principle be simulated using the theoretical equation of non-linear long waves
(shallow water theory), in which friction at the ocean bottom and advection are
considered.

« Uncertain factors of external force, such as the traveling speed of a typhoon, and
uncertain factors of calculation, such as wave set-ups by breaking waves, the
overtopping rate of irregular waves, the coarseness of the ground, and the
precision of calculation, should be decided based on the purpose of preparation,
subjects of assessment, and technical levels at the time of preparation.

« Calculations must be conducted over a period until tidal deviations are not
shown.

a) Earthquake fault model and initial water level (tsunami)

The largest possible tsunami that may strike a region must be considered for studying regional disaster
prevention measures. An earthquake may cause vertical displacements of the ground (upheaval and
sedimentation); an earthquake that causes the largest tsunami height is not necessarily an earthquake that
causes the maximum inundation depth. Thus, earthquake fault models for tsunami hazard maps should be
evaluated not only in terms of tsunami height but also in terms of inundation depth (difference between
tsunami level and the ground elevation after a displacement). Inundation depth should be calculated by using
the ground elevation described below in order to construct an earthquake fault model that can simulate the
deepest inundation that has ever occurred or may possibly occur:

1) the ground elevation after sedimentation when the ground is predicted to subside,
2) the ground elevation before upheaval when the ground is predicted to upheaval.

The initial water level to be used in tsunami calculation for preparing tsunami hazard maps should in

principle be determined by an earthquake fault model that is proven valid by tsunami reproducing

44




calculations.

b) Scale and route of a typhoon (storm surge)

External forces to be considered in preparing storm surge hazard maps should be decided by the body in
charge of preparing the map, based on the tidal deviation that can occur during a typhoon of the largest
possible scale.

The scale of the largest possible typhoon should be assumed to be equivalent to that of the strongest
typhoon which struck the region in the past or the Isewan Typhoon. As for the route of the typhoon to be
considered for estimating inundation, the route that could cause the most serious damage in the region should
be chosen by studying the routes of past typhoons.

c) Tidal level (astronomical tide) and wave height (tsunami and storm surge)

Tidal level (astronomical tide) for calculating tsunamis and storm surges should in principle be the syndic
mean high water level (H.W.L.). Also, storm surge calculation should use the tidal deviation and wave height
calculated based on the largest possible typhoon. When the maximum tidal deviation ever recorded is to be
used for an assumed external force, the wave height should be decided by referring to measurements of the
past.

Sea Land

Tsunami water level

Run-up height T.P. level

Inundation depth

. Tsunami height
Tidal level (ast Wa_velk}eéghtH W.L., et
idal level (astronomical tide): H.W.L., etc. . .
( ) Tsunami water level: height of the water

surface (== )from the reference level

Note: Tsunami height denotes the height of a tsunami.

Figure 3.3.1 Relationships among tidal level, wave height, tsunami height, inundation depth, and run-up
height during a tsunami
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Sea Land

Tjdal level

—==" _z\_ _&__— i : T.P. level
X Inundation depth

Tidal deviation

Tidal level (astronomical tide): H.W.L., etc. . . .
Tidal level during storm surge: height of

the water surface ( =) from the
reference level

Figure 3.3.2 Relationship among tidal level, tidal deviation and inundation depth during storm surge

d) Grid intervals (tsunami and storm surge)

Grid intervals for calculating tsunamis and storm surges in the sea and land areas to be assessed should be
appropriately determined so that:
The accuracy of inundation prediction is ensured, and modeled land forms, such as streams, are appropriately
reflected in inundation prediction, and
Buildings and other structures are appropriately expressed as topographic models.

e) Elevation data (tsunami and storm surge)

Elevation data must have an accuracy of at least 1 m to properly estimate inundation depth. In areas where
such precise data are not available, the necessary accuracy should be ensured by correcting topographic maps
by using survey stations, conducting field surveys, having coast specialists check data or using other means.

f) Rivers (tsunami and storm surge)

Run-up of water along rivers should be calculated when necessary. The topographic conditions of rivers
(shape and river bed elevation) should be expressed in calculation grids and elevation (water depth), and the
conditions of structures, such as the crown height of river banks, should be set as well.

When inundation is predicted to occur from a river during storm surges, the discharge of the river
should be appropriately determined based on the properties of the river and data from the past.

g) Structures (tsunami and storm surge)

To predict inundation by tsunami, damage to strucures should be first calculated by using the earthquake
motion based on the selected earthquake fault model as an assumed external force. Then, inundation
prediction should be performed, considering the calculated damage to structures.

When predicting inundation by tsunami for preparing hazard maps for residents, attention should be paid
to structures that are higher than the water level during the propagation process of the tsunami (for example,
banks, revetments, breakwaters, walls, and highway banks). Protection facilities, such as water gates and
land locks, should be assumed to be open since it will possibly be difficult to close them before the tsunami
arrives, considering that tsunamis travel fast and earthquake motion may possibly cause damage to the
facilities. On the other hand, the following facilities should be assumed to be closed:

1) automated earthquake resistant facilities,
2) facilities that are always closed, and
3) earthquake resistant facilities that can be closed very quickly before a tsunami arrives.
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To predict inundation during storm surges for preparing hazard maps for residents, damage to coast
protection facilities by overflowing of storm surges and overtopping by high waves should be estimated,
based on the present state of the facilities.

Water gates and land locks should be assumed to be closed except those that are evidently out of order.

When the gates and locks are likely to be difficult to close, calculations should be performed,

that they are open.

assuming

For preparing hazard maps for administrators, the condition of coast protection facilities should be
appropriately decided based on the purpose of investigation.

Table 3.3.3 Examples of facility conditions used for predicting inundation

Inundation prediction during tsunami

Inundation prediction during storm surges

Banks, revetments,
breakwaters, etc.

Damage to facilities by earthquake
should be considered.

Facilities are assumed to function
properly.

Water gates and land locks are
assumed to be open (tsunamis arrive
fast and facilities are possibly
damaged).

They are assumed to be closed when

Water gates and land locks are assumed to
be closed.

Those that are known to not function (due
to deterioration, etc.) are assumed to be
open.

Water gates, land
locks, etc.

they are:

1) automated, earthquake resistant
facilities,

2) always closed, and

3) earthquake resistant facilities that
can be closed very quickly before a
tsunami arrives.

Conditions are decided based on the purpose of investigation for hazard maps for
administrators.

Example: The worst case — gates and locks are all open or there are no gates or
locks. The maximum protection case — gates and locks are all closed.

Notes

h) Data used for prediction and output data (tsunami and storm surge)

Care must be taken that the results of inundation prediction contain uncertainties. Tsunami and storm
surge hazard maps are prepared by superimposing necessary information on maps of inundation risk areas
and evacuation zones, which are identified based on the inundation areas identified by inundation prediction.
Thus, the results of prediction should be prepared in forms that can be processed with the geological
information system (GIS). The same is true for data used for prediction, since they will possibly be processed
into hazard maps and revised in the future. The data format should be a general format to facilitate efficient
construction and revision of hazard maps and sharing of data among related parties and experts.

3) Possibility of disaster beyond prediction

It must also be noted that disasters can possibly occur with external forces that are beyond prediction.
Extra care should be taken to keep consistency among adjacent municipalities in terms of condition settings
when the disaster to investigate is likely to cause damage over two or more municipalities. Conditions that
cannot be analyzed with today’s technologies should be considered in the future. Conditions that are not yet
established today are shown in Table 3.3.4.
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Table 3.3.4 Non-established conditions

Class

Non-established conditions

Tsunami

« Standardized method for analyzing ground displacement

« Optimum values of fault parameters and coefficient of coast friction

« Method for considering buildings, houses, and other structures in grid systems
« Simulation of formation of undular bore in rivers

« Simulation of soliton fission and undular bore

Storm surge

« Behavior of water when storm surge water runs up a river and floodwater flows down the
river at the same time

« Conditions for levee breaches

« Predicting the width of levee breaches

« Predicting the time of levee breaches

4) Evaluating prediction

Underestimation is likely to result in predicting the inundation depth in the worst case scenario as being
too low, which may lead to insufficient evacuation measures and loss of human life. On the other hand,
overestimation causes disaster prevention facilities to be constructed in excess. To prevent both under- and
overestimation, prediction results should be appropriately validated by regional development bureaus, and/or
the coast division of each prefectural government, before the results are open to residents.
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