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Recovery plan’s budget by cluster

No. | Cluster Cluster | Objectives Supporti | Allocate | Requested
Lead ng d cost Budget
Agencies | (TOPS) | (TOPS)
1 HNWASH | Ministry | ® Provided effective TNYC/ $1.0 $ 1,000,000
of leadership and oversight, | CARITA | million
Health for a coordinated and S/
effective HNWASH MEIDEC
response. C-
® Restore water, sanitation Environ
and hygiene services to ment/
affected communities, MLSNR-
schools and health care Geology/
facilities. All
® Minimize negative cluster
impacts on human healthy | members
by ensuring accessible and
healthcare services. Develop
® Provided emergency ment
medical assistance to Partners
affected areas of Tonga.
® Strengthen capacity to
prevent, detect,
investigate and respond to
disease outbreaks and
other public health events.
® Provided nutrition support
to treat and prevent
deterioration of nutritional
status of people especially
children, elderly people,
pregnant and lactating
women.
® Provide information on
health, nutrition and
WASH through
developing and
disseminating
information, education
and communication (IEC)
materials through
appropriate channels.

2 Emergenc | NEMO | Provide emergency shelter and | TRC/ Under Under
y Shelter | (Emerge | NFIs items (hygiene kit, TNYC/ | coordinat | coordinatio
and Non- | ncy) shelter kit, solar lantern, CARITA | ion & n&
Food collapsible water tanks, S/ Logistic | Logistic
Items blankets, kitchen sets) to MORDI/ | budget bugdet

affected households Develop
ment
Partners

3 Shelter MIA ® Ensure that most Tonga $2.1 $ 2,100,000
and vulnerability people Family million
Protection affected by HTHH Health,

Volcanic eruption have Civil
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access to basic necessities
and essential services.
Ensure that most
vulnerability people have
access to Health Support
Services, emotional
advices, and trauma
counselling for
households that were
serely affected by the
Volcanic eruption.

® Sccurity and Protection
monitoring and providing
measures for referrals and
support services.

® Increase support services
for Sexual Reproductive
Health including support
for pregnant and lactating
mother in affected.

Society
Forum of
Tonga/
NATA/
All
cluster
members
and
Develop
ment
Partners

Food
Security
and

Livelihoo
d

MAFF

Ministry
of
Fisherie
S

Households

® Provide emergency food
ration to the
people/households
impacted by Tsunami and
Volcanic ash deposition.

Fisheries

® Empowerment of the
Tuna and Deep-Water
Snapper fisheries;

® Chemical testing of reef
seafood;

® Rehabilitation of
Aquaculture trial farms;

® Fixing of electrical
damages at the Ministry
of Fisheries and the
Tu’imatamoana fish
market.

® (Cleaning up for the
Ministry of Fisheries and
the Tu’imatamoana fish
market.

MORDI/
Fisheries
/
Develop
ment
Partners

$ 700,00
0

$ 700,000

Logistic
and
Coordinati
on

NEMO

® Coordinate the logistic
support effectively and as
required to ensure
immediate relief are
reaching timely to the
neediest ones.

Tonga
Police
HMAF

® C(Clearance of Debris
deposited by Tsunami
web and ash falls from
volcanic eruption.

® FEmergency Response
Coordination at National
level.

TFES

NEMO

$5

million

$ 546,100
$ 1,422,763

$ 600,000

$ 2,850,000
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Institutional Readiness
with equipment and
capacity.

Emergenc
y .
Communi
cation

Commu
nication
s/
MEIDE
CC

Restore the
telecommunication
system in and across
Tonga.

Restore and strengthen the
emergency
communication system.
Restore the international
internet connectivity of
Tonga.

Improve monitoring
system and equipment for
Tonga Meteorological
Service.

Develop
ment
Partners

$1

million

$ 1,000,000

Essential
Services

Ministry
of
Public
Enterpri
ses

Restore the supply and
services of electricity
impacted by the tsunami.
Rapid re-establishment of
water services. Rapid re-
establishment of
telecommunications.
Re-establishment and
ensure stable radio and
TV services.

Replace damaged
discharge pipeline for gas
and upgrade storage.
Proper waste
management.

Restore air and ser
transport services.

Repair and Maintenance
of infrastructure at Tonga
Port of Authority
damaged by the Tsunami.

TPL/
TWB/
MEIDEC
C/

TPA/
Develop
ment
Partners

2.1
million

$10,211,07
2

Education

Ministry
of
Educati
on and
Training

Repair and maintenance
of school infrastructure
damaged by Tsunami
Cleaning of volcanic ash
and debris from the class
rooms and school
compound and cleaning of
drinking water facilities.
Relocation of schools
from Tsunami hit area
Assistance to the children
for ‘going back to school’.

All
cluster
members
and
Develop
ment
Partners

$ 400,00
0

$ 2,940,000

Economic
and Social
Recovery

Ministry
of
Finance

Provide economic and
social early recovery to
TC Harold impacted
households and
communities including
businesses.

Develop
ment
Partners

$2

million

$ 2,000,000
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10

Shelter
(Reconstr
uction)

Ministry
of
Infrastru
cture

Clearance of debris in the
affected areas

immediately after disaster.

Transition from
emergency to recovery
shelter needs for severely
damaged and totally
destroyed households
Reconstruction of
damaged critical
infrustructures in affected
areas through the
principles of Building
Back Better/Safer

$ 700,00
0

$ 700,000

Total

$14
milion

$26,069,93
5
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Appendix 3-1
BBBE Y 3 »

Government of the Kingdom of Tonga

Build Back Better Vision for Tonga
2022.05.12

1. Introduction: On Build Back Better Vision

Government of Japan has proposed the Build Back Better (BBB) concept to Sendai Frame Work.
Simple reconstruction work results in the vulnerability resurrection, which is not acceptable.

In contrast, Build Back Better increases the resilience of nations and communities through

integrating disaster risk reduction (DRR) measures.

Concept (16 Jan. 2016, Japanese Delegate)

According to the definition of UNISDR, "recovery" after a disaster is "the restoration,
and improvement, where appropriate, of facilities, livelihoods and living conditions of
disaster-affected communities, including efforts to reduce disaster risk factors"
(UNISDR, 2009).

The "Build Back Better" concept is generally understand disasters to utilize disasters
as an opportunity to create more resilient nations and societies than before them
through the implementation of well-balanced disaster risk reduction measures,
including physical restoration of infrastructure, revitalization of livelihood and

economy/industry, and the restoration of local culture and environment.

BBB stands for utilizing disasters as an occasion to achieve a better social recovery, which
requires efforts in all development issues and fields, including DRR. It improves and strengthens
the infrastructure and the governmental functionalities damaged during disasters triggered by
natural hazards, to accelerate implementation of national development and DRR plan in parallel
with humanitarian issues and to remodel the target societies sufficiently resilient against the next
disaster. It focuses mainly on structural measures: DRR infrastructure and Critical infrastructure.
However, it considers also on non-structural measures: Early Warning System, evacuation plan,

land use planning, construction technologies, seismic and wind code, etc.

A3-1-1



Build Back Better Vision for Tonga

DRR infrastructure protects “critical infrastructure” shown below and assures its

functionalities by suppressing the impact of natural phenomena. This is included in the

critical one, too. For example, seawall against storm surge and tsunami. For example,

seawall against storm surge and tsunami.

Critical infrastructure bears the national economy, industry, governance and the

essential functionalities of the public services to the citizens, both governmental and

non-governmental. For example, state office buildings, facilities for: communication;

EWS; transport (roads, bridges, wharfs, ports, airports etc.); lifeline (water supply,

electricity, waste disposal plants, etc.); hospitals and health service;, and Education.

Volcanic ash fall cannot have DRR infrastructure and shall be coped by each critical

infrastructure.

2. How to Cope With Low Frequent — Highly Severe Disasters

It is necessary to consider multi-purpose measures for low-frequent highly severe disasters,

combining with those for high-frequent normal disasters and with ordinary measures to maintain

social functions, which have many parts in common among them. Otherwise, by the time the next

big one strikes, facilities may be deteriorated, systems and organizations may be obsolete or

forgotten, and may not function properly at the time of emergency. For example, it is difficult to

find any reason to separate the measures for Tsunami from those for Storm Surge in Tonga case.

These measures should be a basis for solving development issues at the same time.

Eb‘
an

” -~
Vs . .
Extensive R1sl(\

_-—___\

Very Localized
\
Damaging
" 5 ;
Yolcanic Tsumami
B &
O Tsunami
>
0
(2]
Storm Surge
2
— | Insignificant Intensive Risk
Low Frequency Higﬁ

Figure 1. Low Frequent — Highly Severe Disaster and High frequent normal disaster

(2]
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Build Back Better Vision for Tonga

3. Considerable Natural Phenomena to Tonga

Due to its unique tectonic condition, Tonga is threatened by volcanic eruption from the west, by
earthquakes from the subduction zone located east side and by cyclones with much frequency
from all directions. These give the direct impact of Storm Surge, Strong Wind, Strong Ground
Motion, Tsunami and Volcanic Ash Fall, to the coastal infrastructure, housing, buildings and
livelihood.

For the effective DRR, we need to understand the natural phenomena to know their hazards, and
to monitor them in combination with Early Warning System. The former is the base of the pre-

disaster investment and the latter that of Immediate Response.

Cyclones " Storm Surge % Coastal
e Strong Wind

Earthquakes .- Strong Motion /—* Housing

e Tsunami

Volcanic EruptionZ:- Volcanic Ash Fall-— Livelihog

Figure 2 Natural Phenomena and their Impacts to Tonga
(3]

A3-1-3



Build Back Better Vision for Tonga

4. Build Back Better Vision

The 2022 HT-HH volcanic tsunami revealed the vulnerable fields of Tonga. Monitoring of

hazardous natural phenomena; the capital city; tourism; remote villages including isolated islands;

aerial, maritime and land transport; international and domestic communication; and some

livelihood issues like water supply etc.

The following explains some examples of the BBB concept based on the needs in Tonga. It is

necessary to correct the description by further survey and discussion.

It is most important to estimate the hazards with scientific correctness and to implement measures

based on them.

Table 1. Ten items of BBB Vision. The order does not imply priority.

# items

1 Understanding the history and mechanism of natural phenomena for middle and long term
estimate of hazard, risk and disaster, and Monitoring Combined with Early Warning
System.

2 Protecting the Capital: Multi-purpose structural measures by pre-disaster investment
including multi-protection and resilience of livelihood.

3 Tourism (Hotels and Resorts):

4 Villages at high risk or on Washed Out Islands:

5 Measures for Volcanic Ash Fall:

6 Immediate Response System: Strengthening and Capacity development (Training in site
and recommendations by experts (NEMO, TGS, TMD etc.)

7 Disaster Management Planning:

8 Transport and Communication:

9 Housing: Residential and non-residential

10 | Livelihood: Lifeline, Food Safety etc.

4.1 Understanding and Monitoring Natural Phenomena

It is necessary to understand the history and mechanisms of natural phenomena for assessing

hazards, risks, and disasters in the medium to long term, and for setting criteria for pre-disaster

investment. To monitor natural phenomena and their consequences in combination with early

warning systems that also include forecasting of phenomena.

These figures show the example of volcanic disasters. The similar apply to those of earthquakes

and cyclones.

(4]
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4.2. Protecting the Capital City from Tsunami and Storm Surge

In the BBB concept, the objective is not to return to the state as it was a few days before the
disaster, but to start running toward a favorable future of a safe, resilient, and attractive capital
city. Therefore, it is necessary to implement structural measures by pre-disaster investment
including multi-protection and resilience of livelihood

In Japan, the following concept sets the base for the design of DRR and critical infrastructure with

[3]
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two wave height levels of Tsunami.

# Level-1 highlighted blue in Figure 6 is likely to occur during the service period of
the facility, i.e., once per few tens or one hundred years, and used to establish tsunami
protection facilities, i.e., structural measure to stop securely tsunami invasion, from

the perspectives of protecting human lives and property, stabilizing regional economic
activities, and securing industrial bases.

# Level-2 highlighted yellow or red in Figure 6 is extremely rare to occur but possible,

i.e., once per few hundreds or one thousand years. In other words, maximum class for
consideration. Naturally Level-2 exceeds much Level-1. Tsunami protection facilities

designed for Level-1 reduces inundation area and depth by a tsunami of Level-2,

therefore damages, and makes easier the non-structural measures, mainly evacuation.

A lesson learnt from the 2011 Tsunami at East Japan is that natural phenomena can occur in its
scale beyond our imagination. It is necessary to develop an evacuation plan with sufficient leeway
and implement the construction of necessary evacuation routes and tsunami evacuation facilities.
For Tongan case, it is still in discussion whether the 2022 HTHH tsunami can be regarded as
Level-1 or not. It will be determined whether the main concern is tsunami by volcanic eruption

or storm surge by cyclone.

For infrastructure we set two wave height levels.
The Principle is the Establishment of Evacuation Measure to safe places

Level 2 Tsunami
Reduce damage by Tsunami protection facilities for Level-
1 and promote non-structural measures, mainly
evacuation for Tsunamis that exceed Level-1.

Ensure
Escape
Route

Tsunami Evacuation Buildings
Tsunami Evacuation Towers

Embankment
Level 2 Tsunami

Raise up

Y

UL J
"

Roads’ raised up: 2" protection line

T E— ﬂ L1 protection facility D
- ) Resilient Structure || eve| 2 To suppress Inundation
Seismic Resistance .
area and its depth and to secure

New Concept of Tsunami DRR (Shizuoka Prof.) of evacuation time

It is a controversial issue whether the 2022 HTHH Tsunami can be regarded
as Level-1 or not. v

Figure 6. Schematic illustration of two tsunami height for designing infrastructures.

(6]
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Build Back Better Vision for Tonga

Table 2 shows the summary of the outputs from the experts’ discussion on the frequency and

severity of Tsunami in 2022 and in future.

Group A concluded “The eruption history of HTHH volcano showed that although the

current activity may not be completely over, eruptions such as the January 2022

eruption are unlikely to recur on a 100-year time scale.”

Group B “Eruptions (from various volcanoes) affects residential areas in Tonga are

Jjudged to occur more than once every 100 years.”

Group C’s numerical simulation of Tsunami with precise DEM and the digital

bathymetry provided by Tonga side is ongoing.

Group D’s on going simulation of Storm Surge considers the influence of the climate

change, too.

We expect their scientific results for Level-1 Tsunami to set the main concern, Tsunami

or Storm Surge.

Table 2.Summary of Experts’ Discussion

Dr. Inoue,
Prof. Nogami,
Dr. Fujii

disasters (ash fall,
pyroclastic flow,
volcanic blocks, lava
flow, gas, mud flow,
etc.) caused by
eruptions and
countermeasure menu
and direction for
those disasters.

Group/Member Topics Outputs Remarks
A [Dr. Nakada, Mechanisms of Detail time series of The eruption history
Prof. O'minato, [2022HTHH Eruption |eruptions (especially the jof HTHH volcano
Prof. Ichihara, |and the accompanied [first 30 minutes) and an [showed that although
Prof. Maeno phenomena eruption model the current activity
(obs) considering landslide andjmay not be
gravity current. completely over,
eruptions such as the
January 2022
eruption are unlikely
to recur on a 100-year
time scale.
B [Prof. Iguchi, Reproducibility of theNecessary Eruptions affects

countermeasures are
proposed from the
perspective of BBB
against various disasters
such as ash fall and
tsunami, in accordance
with the assumption of
eruptions that can affect
residential areas in
Tonga will occur
multiple times in 100
years.

All Volcanic Disaster

Factors must be

residential areas in
Tonga are judged to
occur more than once
every 100 years.

[7]
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considered for Niuafo'ou
(inhabited island).

Arikawa,
Prof. Imamura

Cyclone under the
influence of Global
Climate Change.

historical storm surges.
Preparation of storm
surge inundation
simulation,

(Numerical simulation of
storm Surges to
reproduce the events in
the recent 60 years. The
effect of climate change
will be considered from
IPCC6 Assessment
Report.

C [|Prof. Imamura, [2022HTHH volcanic [Numerical Simulation of [Simulation is ongoing
Prof. Arikawa, [tsunami and its HTHH Volcanic with precise DEM
Dr. Inoue, influence as tsunami |Tsunami. and the digital
Dr. Kamigaichi, |height and its run-up [Understanding the actual bathymetry provided
Prof. Chikasada, |height, its recurrence [situation, by Tonga side.
Prof. Mori period and tsunami  |Preparation of run-up
input level for design [simulation,
structures. Parametric study about
the tsunami source
activated by HTHH
volcanic eruption.
D |Prof. Mori, Prof. [Storm Surge by INumerical Simulation of [Simulation is ongoing

with precise DEM
and the digital
bathymetry provided
by Tonga side.

Based on the tsunami inundation assessment in 2011 (Damlamian et al., 2011), and in 2021
(Borrero et al., 2021), the capital can be zoned as roughly sketched in Figure 7. This, however,
shows just a schematic image that should be finalized by future survey and discussion. Deeply
inundated Red Zone, the next Yellow Zone, non-inundated Green zone, and Blue zone that seems
safer than Green zone. The separation of Yellow Zone from Red Zone is just a speculation to
explain the image, and should be defined by future analysis, too.

There are two island-shaped Green zones which altitude seems not so much higher than the
surroundings. Therefore, potentially risky. For example, the smaller west one can shrink or

disappear in case of big tsunami if sea level rises due to the climate change.

(8]

A3-1-8



Build Back Better Vision for Tonga

98 SnglaFaskifn Zoning Image to be finalized by future survey & discussion

file Edit View Jools Add Help
i

@ & @& & -k E e

Blue
Green

Zero
Yellow

1% floor’s ceiling level
Red

Deeper i Google Earth

Inundation depth estimate by L2 tsunami

Figure 7. Schematic image of zoning based on inundation assessment

Figure 8 shows a schematic image of DRR structural measures combined with evacuation plan.
Being a rough sketch, this should be corrected and finalized by discussion to accommodate with
the existing plans.
The white curve along the coast shows the existing seawall. The effect of strengthening this
existing seawall and/or additional road embankments as the second protection line shown by thick
Green curve may narrow Red and Yellow zones. Possible measures of multi-protection are the
followings in case waves pass over the seawall and road embankment.
+ Red zone: Land use control (Only Commercial, Industrial, and Governmental Uses that work
as the DRR bases) plus Tsunami evacuation buildings and towers, Road embankment.
Relocation of private residences to Green or Blue zones.
+ Yellow zone: Land use control similar to Red zone but with those of Essential Uses (Schools,
Hospitals, etc.). Restriction/ recommendation of structure type for private houses (RC or RCB
on poles (Piloti structure) or high foundation/ mound).
+ Island-shape Green zones: These should be connected to “Green and Blue Zone” by escape
routes with elevated roads or bridge over low land or water to ensure evacuation. It is not a
good idea to stay in a confined area to prepare for an attack of titan waves.
+ Green and Blue Zones: Candidate places for destination of relocated residences etc.
Besides DRR consideration, we pay attention to the transport axe (red allows). The east one
connecting International Airport to Ferry Terminal, and the west one the city center to a Blue

Zone at southwest. These together with road embankment may provide safer evacuation route.
(9]
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Figure 8. Schematic image of DRR structural measures

Besides DRR, we can list up the following purposes and benefits for development. This shows
multi-purpose feature of the image.
+ Securing main evacuation routes from island-shape Green zones with viaducts, road
embankment or bridge, etc.
+ Connecting the two main evacuation routes with road embankment (Green curve, i.e., the
second protection line) to ensure the safety of evacuation from the center of the capital.
+ The southern shore of the lagoon can be a favorable resettlement site for inhabitants and
companies, with access to the center of the capital and the airport.
+ Securing a transportation axe connecting the international airport and the ferry terminal, both
in ordinary times and in times of disaster, to enable to activate trading and tourism through
relieving traffic congestion in the center of the capital.
+ Integrated renewal of seawall, coastal roads, public open spaces for citizen’s amenity, and
urban areas through Green infrastructure on land and shore.
+ Control of construction styles in the Yellow zone: to prevent complete destruction of housing
and to facilitate recovery of livelihood in terms of resilient housing.
The concept of Green Infrastructure may make the future direction toward an attractive capital

city.

Green Infrastructure: Infrastructure and land use planning that contributes to sustainable

social and economic development through the wise use of nature's diverse functions

(10]
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(Green Infrastructure Association, Japan).

When the features of nature are understood and harnessed appropriately as infrastructure
for the benefit of society and the economy, the costs of developing and maintaining Green
infrastructure are lower than those of conventional infrastructure although higher

comfort.

Different approaches may be necessary for cities, suburbs and rural area like isolated islands. The
capital city is an extreme and an isolated island another extreme but at opposite side. The reality
of each towns and villages are scattered in between them.

In the capital, the government can lead DRR and development directly by pre-disaster investment
for structural measures to where capital and industries are concentrated and accumulated. The
capital city can support whole country including rural area through investment to the bases of the
public assistance, i.e., transport, communication, science, technology, education, medical and
health care, human resource development etc., and can contribute to national economy through
investment for promotion of commerce, agro-fish-food and information industries, and trading.
In rural area, self-help and mutual assistance within communities are the main for DRR. The
public assistance should support them. Self-sustainable Development there should be connected
to national economy. Due to the scattered distribution of population, however, structural measures
of big scale may not be realistic. Then, investment should be done on selected common key
measures, which can support the activities of communities for transport, communication,
education, medical and health care etc. Transport and Communication are identified as the target

of BBB Vision in this context.

4.3. Tourism (Hotels and Resorts)

Tourism is important for the national economy. The facilities tend to locate close to coast in a
scattered way by necessity and difficult to relocate.

Safety measures for every premises should be implemented primarily by the responsibility of
owners, for example, tsunami evacuation route/ tower/ mound, selection of construction type (for
example, Reinforced Concrete, Reinforced Concrete Block Masonry etc. on mound/ high
foundation/ Piloti structure), stockpiles etc. Control of construction type should be applied, by
finding realistic solutions.

Because of difficulty to apply structural measures of big size, the concept of the green
infrastructure should be considered to suppress the tsunami/ storm surge impact, to conserve and
cultivate coral reefs, landscape and environment, and to attract more tourists.

Loan programs differentiated by the grade of disaster preparedness aimed to give a financial

benefit for the owners who implement disaster preparedness may promote the preparedness in

[11]
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tourism industry.

Coral reefs can provide comparable wave attenuation benefits to artificial defenses
such as breakwaters, and reef defenses can be enhanced cost effectively (Ferrario et al.

2014, Nature Communication))

4.4. Villages at high risk or on Washed Out Islands

In rural area such as villages at high risk or on washed out islands, different approaches are
necessary due to a wide variation of local conditions to be considered.

For those, especially Niuafo’ou island at the rim of a volcanic caldera, the safest way may be
resettlement to a safe place in main islands. Temporary settlement is necessary for evacuated
people in the case.

However, if inhabitants wish to stay in original risky place, it is necessary for the government to
prepare for their preventive evacuation based on information of EWS. This highlights the
importance of monitoring.

If enough space for all inhabitants cannot be found in safe place, inhabitants may need shelters
for emergency.

For the purpose of easier recovery with resilient housing, restriction or recommendation of
structure type for residence (for example, Reinforced Concrete, Reinforced Concrete Block

Masonry etc. on mound/ high foundation/ Piloti structure), finding realistic solutions.

Because of difficulty to apply structural measures of big size in rural area, the concept of Green
infrastructure should be considered to suppress the tsunami/ storm surge impact, to conserve and
cultivate coral reefs, landscape and environment for better quality of life of inhabitants.

In BBB Vision, transport and communication are pointed out as the basis of rural development

issues that are mainly livelihood issues.

4.5. Measures for Volcanic Ash Fall

Plans as parts of waste management are necessary for cleaning up, disposing/ reusing/ recycling
volcanic ash and debris as well as equipment like machinery and plants, for example, of recycling
aggregate. These should be served for ordinary use for waste management.

Although not fatal, volcanic ash can harm the functionalities of lifelines, for example, water
supply, Sewage, Wired Electricity or Renewable Energy. Estimate of influence and strengthening
measures may be needed as well as those on Agriculture, Fisheries, Transport, Communication
and Environment etc.

For example, real time ash fall forecast based on monitoring and numerical simulation may be

[12]
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helpful for various activities of immediate response.

4.6. Immediate Response System

Immediate Response System worked well in the case of the 2022 HTHH eruption. However, it
can be bettered by introducing quick simulation for forecasting or estimating ash fall, tsunami etc.
Use of Satellite, airplane and aerial drone may help quick damage survey. These should be used
ordinary for being maintained in operable condition and for the training of officers, not only for
vigilance of volcanos but also that for maritime security, weather forecast etc. Thus, with training

in site and recommendation by experts for government officers of NEMO, TGS, TMS etc.

4.7.Disaster Management Planning, Drill and Education

For middle and long term measures as well as immediate response, national disaster management
plan is needed as well as that of local level, i.e., district, city, town, village, including stockpile
plan and relief plan. At both levels, financial aspect should be considered.

In parallel, every public and private entities should have disaster management work plan, which
includes Business Continuity Plan, Business Contingency Plan, and Evacuation Drill etc.
Government should promote to have disaster management work plan or survival plan to owners
of small-scale business, sole proprietors and individuals. Education on Science and Technology

that comprise DRR, too.

4.8. Transport and Communication

Planning and implementation for resilient transport system is essential for ensuring access to

damaged area in emergency and abundant logistics in ordinary time, by strengthening critical

facilities of the followings.
+ aerial transport: safe airports with seismic resistance, meteorological monitoring/ observation
and EWS. In addition to weather forecast, preventive information of volcanic eruption may
contribute to safe aviation.
+ maritime transport: safe wharf and ferry terminal with resistance against earthquakes and
tsunami/ storm surge, oceanographic monitoring/ observation and EWS. Preventive
information of volcanic eruption may contribute to safe navigation as well as weather forecast.
+ land transport: roads and bridges with seismic resistance, geotechnical monitoring/
observation and EWS.

Planning and implementation for resilient communication and information system is crucial for

both of disaster management and sustainable development.

Due to long distances among island groups and from Tonga to neighboring countries, resilient

system via submarine cables are indispensable with redundancy, in parallel with the preparedness

[13]
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to switch immediately to satellite communication from cable based one.

It is necessary to ensure communication among individuals by strengthening of base stations of
Cellular and Smart phones.

As recognized well, ICT-based communication can support Digital Transform of society, for
example, education and medical care on remote provided by core organizations like USP or
Vaiola Hospital. Moreover, e-government, e-commerce, e-learning etc.

The disadvantages of scattered territories will be overcome in this context.

4.9. Housing: Residential and Non-residential Buildings:

As the seismic hazard estimate is high in Tonga and strong wind recur frequently in addition to
Tsunami/ Strom surge hazard, it is better to control construction activities by land use control
based on hazard assessment, by leading people, especially constructors to follow the seismic and
wind codes, and the recommendation about inundation resilient way of housing. Persistent efforts
will be required, because it takes time.

Non-residential buildings of essential uses under governmental administration should be more
resilient against considered disasters. For example, schools, hospitals etc. should follow stricter
standards than ordinary housing for major safety and keeping their functionalities. Governmental
offices, transport terminals etc. should have enough resilience to be bases of disaster management

in emergency.

4.10. Livelihood
We have overviewed the targets of BBB Vison to ensure the safety against severe disaster.
Moreover, measures useful to accelerate various development issues that already have been or
newly recognized should be considered, too.
For example:
Lifeline:
Energy supply: Resilient power plant, Renewable energy
Water supply: Groundwater management, Purification technology
Waste and Sewage management
Health and Hygiene:
Programs for Improvement of Nutrition, Health and Welfare
Communicable and Non-communicable diseases (Diabetes etc.).
Support to Agriculture, Fishery, Industry, and Trading, of small scale:
Development and dissemination of technologies appropriate for Tonga
Processing Seafood, agricultural and livestock products

Loan and insurance programs against natural disaster for financial safety of livelihood.

[14]
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Linkage with Health problem: Vegetable farming.

[15]
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1. Volcanic tsunami waveforms
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Figure 1 Waveform (Hunga Tonga-Hunga Ha'apai, R=5km, H=30m)
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Figure 2 Waveform (Unnamed1, R=5km, H=30m)
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Figure 3 Waveform (Home Reef, R=5km, H=30m)
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Figure 4 Waveform (Lateiki, R=5km, H=30m)
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Figure 5 Waveform (Fonuafo’ou, R=5km, H=30m)
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Figure 7 Waveform (Unnamed3, R=5km, H=30m)
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Volcanic Tsunami_Volc7-1-1 Regionl Unnamed4(R=5km, H=30m)
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Figure 8 Waveform (Unnamed4, R=5km, H=30m)
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Volcanic Tsunami_Volc0-2-1 Regionl Hunga Tonga-Hunga Ha'apai(R=5km, H=60m)
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Figure 9 Waveform (Hunga Tonga-Hunga Ha’apai, R=5km, H=60m)
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Figure 10 Waveform (Unnamed1, R=5km, H=60m)

A3-3-10



Final Report Appendix 3-3,:Tsunami and Storm Surge Analysis

Volcanic Tsunami_Volc2-2-1 Regionl Home Reef(R=5km, H=60m)
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Figure 11 Waveform (HomeReef, R=Skm, H=60m)
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Volcanic Tsunami_Volc3-2-1 Regionl Lateiki(R=5km, H=60m)
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Figure 12 Waveform (Lateiki, R=5km, H=60m)
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Volcanic Tsunami_Volc4-2-1 Regionl Fonuafo'ou(R=5km, H=60m)

Reglont_1 Reglon1_21
e T M e P ) M0 RHG) 030 WRSE G0Nk salee
¥ %
a ' =
Hapsed tie 2t erustiun e s)
Regionl_o Regionl_40
! '
H=e < : =
FET T T T L L L 3 Bobi0 G308 100 13000 2000 IS0 MbAD 33000 4d0ge  ASbe  Soh
¥ i
5 s Foy
Gepwed faws fum it e el e T TR T G Bl
Kegionl_14 Ragionl_d2
’ s
'
o
T e e T Y YR P I e o T T T R VIR = TR 1
Fa
)
Hapenl timws farm whas, mrgthasll o)

Regiond_6

Wan Lol [

Tlagsed ine fom vk

Reglond_s Reglond_13

i B T P9

Hapsed e Som volcank enioson Fom | Tlapsed line from wokank stustion heres)

Reglond-1_1 Reglond-2_1

Watae Lol (7]

Warer Lnsljm)

Eapied B from wokean'c enatien |fom:s

Source: JICA Study Team

Figure 13 Waveform (Fonuafo’ou, R=5km, H=60m)
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Volcanic Tsunami_Volc5-2-1 Regionl Unnamed2(R=5km, H=60m)
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Figure 14 Waveform (Unnamed2, R=5km, H=60m)
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Volcanic Tsunami_Volcb-2-1 Regionl
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Figure 15 Waveform (Unnamed3, R=5km, H=60m)
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Volcanic Tsunami_Volc7-2-1 Regionl Unnamed4(R=5km, H=60m)
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Figure 16 Waveform (Unnamed4, R=5km, H=60m)
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Volcanic Tsunami_Volc0-3-1 Regionl Hunga Tonga-Hunga Ha'apai(R=5km, H=90m)
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Figure 17 Waveform (Hunga Tonga-Hunga Ha’apai, R=Skm, H=90m)
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Volcanic Isunami_Volcl-3-1 Regionl Unnamed1l(R=5km, H=90m)
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Figure 18 Waveform (Unnamed1, R=5km, H=90m)
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Volcanic Isunami_VolcZ-3-1 Regionl

Home Reef(R=5km, H=90m)
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Figure 19 Waveform (HomeReef, R=Skm, H=90m)
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Volcanic Tsunami_Volc3-3-1 Regionl Lateiki(R=5km, H=90m)
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Figure 20 Waveform (Lateiki, R=5km, H=90m)
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Figure 21 Waveform (Fonuafo’ou, R=5km, H=90m)
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Volcanic Tsunami_Volc5-3-1 Regionl
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Figure 22 Waveform (Unnamed2, R=5km, H=90m)
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Volcanic Tsunami_Volc6-3-1 Regionl Unnamed3(R=5km, H=90m)
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Figure 23 Waveform (Unnamed3, R=5km, H=90m)
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Volcanic Tsunami_Volc7-3-1 Regionl
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Figure 24 Waveform (Unnamed4, R=5km, H=90m)
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2. Seismic tsunami waveforms

For seismic tsunamis, tsunami arrival waveforms were also compiled for all islands except Tongatapu and

Eua, in order to contribute to future disaster prevention. The waveforms provide an approximate idea of

tsunami height and arrival time.

The location of the extracted waveforms is the same as for volcanic tsunamis.
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Figure 25 Waveform (Fault 1976)
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Seismic Tsunami_fault2006-1-1 Regionl

2006/5/3 Earthquake (Fault Model 1)
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Figure 26 Waveform (Fault 2006-1)
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Seismic Tsunami_fault2006-2-1 Regionl 2006/5/3 Earthquake (Fault Model 2)
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Figure 27 Waveform (Fault 2006-2)
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Seismic Tsunami_fault2009-1 Regionl 2009/9/29 Earthquake
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Figure 28 Waveform (Fault 2009)
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Seismic Tsunami_fault?2018-1 Regionl 2018/8/19 Earthquake
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Wilson, AD, F.G. 1981: Soil ,ap of Ha'apai Group, Kingdom of Tonga. Scale 1:25000.
New Zealand Soil Bureau Map 198. Part of NZ Soil Survey Report 67.
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2. ERPERENT
21 MEt7a—
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X DHEE T —% (SRTM : Shuttle Rader Topography Mission) (2 X2 1A v v a T — & %
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A3-2-3



Z 7 A T LA — ~ Appendix 3-2 N EEDT

0 1 2 3km Elewvation, m

-200 o 200
'

Region 4'{1/3 arcsec., 10 rﬁ} - g ¢

21.125° §
21125° S

21.175° §
"
21.175° §

" o
175225° W 175.175" W 175125 W

175.15" W

Gt B l® _— -

HB - AR HR I T — &
X221 FERTIHET—F

2.3 JRIRET AAERK

AR CIERR L3R T — 2 2 HO T, 1B (8 30m) A v =ikl Lo, 13 7 (1) 10m)
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10m) A v = fllld, BB ESOANFEOZWEERE T 5,

BTNV ZK 2.3.10 1R T & bi2, BT AEGE LA E 2.3.1 1R T,

A3-2-4



Z 7 A T LAY— ; Appendix 3-2 FEBEEEHT

Map: Copyright OpenStreetMap contributers Map: Copyright OpenStreetMan contributors
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Region4-1 -175.25 -21.2 -175.1 -21.08 1620 1296 1/3 arcsec. (10m)
Region4-2 -175.02 -21.38 -174.92 -21.23 1080 1620 1/3 arcsec. (10m)
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2 Tomita and Kakinuma: “Development of Storm Surge and Tsunami Numerical Simulator STOC Considering 3-
Dimentionality of Seawater Flow and Its Application to Tsunami Analysis”, Report of Port Airport Research Institute,
Vol44, pp.83-98, 2005.
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LB,

Hilll : STOC 2 —W—~==27T /L
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ARER CIEKILPEREE OFIRET L& LT, a— RO EREZ%ET 5 (K2.4.1)
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R : distance from the burst center [m]|
H : Maximum rise [m]

HEt : FRSRZRR S A VN —E B

2.4.3 FHESLMH

241 HEEEOREA A—TH

BB RO RAN 2R 241 17T

#24.1 BIHFESRMG

HA RS
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AT FE STOC-ML (Tomita and Kakinuma, 2005) 3
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FRRFET L
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IR 2 58 AE)

Hi T 2 ﬁilﬁki@ﬂﬁ%%“—& ZHIT, 90m A v ¥ =, 30m A v Y2 BRIC T Y T
DI 21BN

eSS e M.S.L.+0m

e HERIE L ¢ 5 IR
R ARG - B/ 0.01sec

Z Dt W&y - L
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3 Tomita and Kakinuma:”Development of Storm Surge and Tsunami Numerical Simulator STOC Considering 3-
Dimentionality of Seawater Flow and Its Application to Tsunami Analysis”, Report of Port Airport Research Institute,
Vol44, pp.83-98, 2005.
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Evaluate the eruption activity of 21 Holocene volcanoes*
based on their eruption history.

vii o O @ o |
15 e e
. afu-Maka
Y @ 0.@% ----- .2‘,("
17 A
Ll [ 1 T —. . .............................. @@ ...... @—=ssvesvinsrrsioss Ronmnle
3—' O Unnamed
o
BT . % ® A
1) 0 0%+
Fonuafo'ou @ XD O @ o @ Tofua
Hunga Tonga-Hunga Ha'apai 20
nnamed4 Fonuato'ou
ey @ g @ % %Nunp:'n'\'; Hunga Ha'apal
Unr .x,‘. d3) 21 > L ] Unnamed
Unnamed
22 T T  § T T
1800 1850 1900 1950 2000 4&

* 5Seruptions with VEI 3 or higher and 38 with VEI 2 since the 19th century

* Hazards caused by past eruptions above VEI 3 should be estimated as
equivalent to the 2022 Hunga Tonga-Hunga Ha'apai eruption.

* Eruptions affects residential areas are judged to occur more than once
every 100 years.

il - FN R EEB SR
X 2.6.1 b HRERDOED DKL KOKEE DBIRER

Flo. FAEBOKLO -5 AT 2.6.1 [Z-T, Zamnb 21 Kl 9 kit & 72 -
THRY, KUEREOBAEFRERIZREWE S 2 5, REBE T, ZnbolEklo > b, e
@u@%/v:nWW’ain N HETE~DEBERRENEEZLND 8 kILEGE L
CHR RN 2 T 5, FHRG L+ 2 KIUALE 21X 2.6.2 127577,

#1261 FUHEROXKL—E

Volcano . . Primary lat long Elevtion
Location Last Eruption
Name Volcano Type (degree) (degree) (m)

Northwest L nknq -

Lobster orthwest Lau | Unknown | submarine 15333 | S | 176283 | W -1500
Basin Evidence Uncertain
Northwest L Unkn -

Dugong ortwest tau oW .| submarine 15431 S | 175725 | W -1170
Basin Evidence Uncertain

Niuafo'ou Tonga Ridge 1985 CE shield 15.6 | S 175.63 | W 260

h L

Tafu-Maka g:;tnwe“ A 12008 CE submarine 1537 S | 17423 | W -1400
Northwest L kn - t/

Niuatahi orthwest Lau | Unknown - Unrest/ | 4 15379 | S | 174.003 | W 11270
Basin(Tonga) Holocene

West Mata Tonga Ridge 2009 CE submarine 15.1] S 17375 | W -1174

Unk -
Tafahi Tonga Ridge n. nown . stratovolcano 1585 | S 173.72 | W 560
Evidence Uncertain

Curacoa Tonga Ridge 1979 CE submarine 1562 | S 173.67 | W -33

Fonualei Tonga Ridge 1957 CE stratovolcano 18.023 | S 174317 | W 188

Unnamed1 Tonga Ridge 2001 CE submarine 18.325| S 174365 | W -40
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Volcano . . Primary lat long Elevtion
Location Last Eruption
Name Volcano Type (degree) (degree) (m)
Late Tonga Ridge 1854 CE stratovolcano 18.806 | S 174.65 | W 540
Home Reef Tonga Ridge 2006 CE submarine 18.992 | S 174.775 | W -10
Lateiki Tonga Ridge 2019 CE submarine 19.18 | S 174.87 | W 43
Kao Tonga Ridge 1847 CE stratovolcano 19.668 | S 175.016 | W 1009
Tofua Tonga Ridge 2022 CE caldera 19.75 | S 175.07 | W 515
Fonuafo'ou Tonga Ridge 1936 CE submarine 2032 | S 17542 | W -17
H T -
unea SN o ea Ridge 2022 CE submarine 20536 | S | 175382 | W 114
Hunga Ha'apai
Unnamed2 Tonga Ridge 2017 CE submarine 20.852 | S 175.55 | W -296
Unk -
Unnamed3 Tonga Ridge n' nown . submarine 21.15| S 17575 | W -65
Evidence Uncertain
Unnamed4 Tonga Ridge 1932 CE submarine 21338 S 175.65 | W -68
. Unk - Unrest / .
Unnamed5 Tonga Ridge frnown = Lnres submarine 248 | S 177.02 | W -385
Holocene
L1 gk, #f : #hoage 32 K00

Hi : ERNSHRZFR R A N —E 1

(5) Unnamed?2
(5]

(6) Unnamed3
@

(o]
(7)Unnamed4

@ (0)Hunga Tonga-Hunga Ha'apai

(1) Unnamed1
o~

‘(2) Home Reef
(3)Lateiki
4]

Tonga

(4) Fonuafo'ou

Nuku'Alpfa
Nukdlofa

.Eua \

HiB : JICA FAAERAERL
B 2.6.2

Map: Copyright OpenStreetMap contributors
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a. PR A Bt IR JOKAT oA

Maximum water level (m) 3R i% & _MWL (R=5km H=30m) Maximum water level (m) 3R & MWL (R=5km,H=30m)
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Maximum water level (m) 3R E & _MWL (R=5km H=30m)
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2.6.10 FRIKNLHTAR
(Unamed4, H=30m)

i JICA FAAMI1ER

A3-2-16



Z 7 A T LA — ~ Appendix 3-2 N EEDT
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Maximum water level (m) IRk E_MWL (R=5km H=60m) Maximum water level (m) IR:REERE_MWL (R=5km H=60m)
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I os-10[_]30-40 Bl os-10[ J3o0-40

[0 1.0- 1.5 [ 4.0-50 [ 1.0- 1.5 [ 4.0-50
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Maximum water level (m) IRREEE_MWL(R=5km H=90m)
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CASE: Volc3-1-1_StrMwl
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CASE: Volc4-1-1_StrMwl
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CASE: Volcbh—1-1_StrMwl
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CASE: Volc6-1-1_StrMwl
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CASE: Volc7-1-1_StrMwl
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CASE: Volc0-2—-1_StrMwl

f S
Peal

X

i

Tokomololo

Veitong0 s g,

Vaini

Maximum water level (m)

B oo-05[ J20-30
B os-10[_ ]30-40
[ J10-15]40-50
[ J15-20 1 50-

Wood Scrub Mangrove Main roads
) B - E—
. Y
Orchard Farmland Grassland  Residential areas Ordinary roads

HIB - JICA B HI1ERK
X 2.6.35 FHAKALHAE (Hunga Tonga-Hunga Ha’pai, H=60m)

A3-2-29



Z 7 A T LA— ; Appendix 3-2 N EEDT

CASE: Volc1-2-1_StrMwl
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CASE: Volc2-2-1_StrMwl
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CASE: Volc3-2-1_StrMwl
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CASE: Volc4-2-1_StrMwl
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CASE: Volc5-2—-1_StrMwl
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CASE: Volc6-2-1_StrMwl
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CASE: Volc7-2-1_StrMwl
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CASE: Volc0-3—-1_StrMwl
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CASE: Volc1-3—-1_StrMwl
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CASE: Volc2-3—-1_StrMwl
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CASE: Volc3-3-1_StrMwl
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CASE: Volc4-3-1_StrMwl
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CASE: Volc6-3—-1_StrMwl
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CASE: Volc7-3-1_StrMwl
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CASE: Volc1-1-1_StrMwl
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CASE: Volc2-1-1_StrMwl
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CASE: Volc3—1-1_StrMwl
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2.6.151 EFEBERBS4X (Fonuafo’ou H=30m)

A3-2-145
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CASE: Volc5-1-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120 2
[ 5-10 [ 30-40 [l 120- 150 L ks
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

H L : JICA S MER
X 2.6.152 EFBZERFESAAX (Unamed2, H=30m)

A3-2-146
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CASE: Volc6-1-2

Tsunami arrival time (min)
B -5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [ 40 - 50 [I 150 - 180
[ 15-20 ] 50-60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

i« JICA WA M/ERR
X 2.6.153 EEIBIZERM 24X (Unamed3, H=30m)

A3-2-147
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CASE: Volc7-1-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120 2
[ 5-10 [ 30-40 [l 120- 150 L ks
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

H L : JICA S MER
X 2.6.154 FEEFBIERF 24K (Unamed4, H=30m)

A3-2-148
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CASE: Volc0-2-2

Tsunami arrival time (min)
Bl -5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [ 120- 150
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 2¢0 - 300

HL - JICA F AR RRR
X 2.6.155 HHBIERE 24X (Hunga Tonga-Hunga Ha’pai, H=60m)

A3-2-149
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CASE: Volc1-2-2
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Tsunami arrival time (min)
B 5 [ ]25-30[]90-120 2
[ 5-10 [ 30-40 [l 120- 150 he
[ 10- 15 [ 40 - 50 [I 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

ML : JICA FAERIER
2.6.156 IR EIERE X (Unnamedl, H=60m)

A3-2-150



Z 7 A T LA — ; Appendix 3-2 FESEETENT

CASE: Volc2-2-2

Tsunami arrival time (min)
Bl 5 [ ]25-30[]9-120
I 5-10 [ 30-40 [ 120- 150
[ 10- 15 [ 40 - 50 (I 150 - 180
[ 15-20 ] 50-60 [ 180 - 240
[ J20-25 ] 60-o90 [ 240 - 300

HiBh : JICA FRA I ERK
2.6.157 EFEEIERH MK (HomeReef, H=60m)

A3-2-151
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CASE: Volc3-2-2
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Tsunami arrival time (min)
Bl 5 [ ]25-30[]9-120
I 5-10 [ 30-40 [ 120- 150
[ 10- 15 [ 40 - 50 (I 150 - 180
[ 15-20 ] 50-60 [ 180 - 240
[ J20-25 ] 60-o90 [ 240 - 300

H L : JICA S MER
X 2.6.158 EFEB|ZEFRFEHAAX (Lateiki, H=60m)

A3-2-152
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CASE: Volc4-2-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

Hi - JICA FRA MR
2.6.159 EFEEIERHE MK (Fonuafo’ou, H=60m)

A3-2-153
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CASE: Volc5-2-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

H L : JICA S MER
X 2.6.160 EFBZERFESAAX (Unamed2, H=60m)

A3-2-154
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CASE: Volc6-2-2

Tsunami arrival time (min)
B -5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [ 40 - 50 [I 150 - 180
[ 15-20 ] 50-60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

i« JICA WA M/ERR
X 2.6.161 EEFBIZERM 24K (Unamed3, H=60m)

A3-2-155
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CASE: Volc7-2-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

H L : JICA S MER
X 2.6.162 EEFBIZERE 24X (Unamed4, H=60m)

A3-2-156
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CASE: Volc0-3-2
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Tsunami arrival time (min)
B 5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [ 40 - 50 [I 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

N

HIBE « JICA F A IR
2.6.163 R ZIERE 54X (Hunga Tonga-Hunga Ha’pai, H=90m)

A3-2-157
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CASE: Volc1-3-2
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Tsunami arrival time (min)
B 5 [ ]25-30[]90-120 2
[ 5-10 [ 30-40 [l 120- 150 he
[ 10- 15 [ 40 - 50 [I 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

HiH - JICA FAARATERL
2.6.164 EIREZERFE /X (Unnamedl, H=90m)

A3-2-158



Z 7 A T LA — ; Appendix 3-2 FESEETENT

CASE: Volc2-3-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [ 40 - 50 [I 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

HiBh : JICA FRA I ERK
2.6.165 HFEEIZERH /X (HomeReef, H=90m)

A3-2-159



Z 7 A T LA — ; Appendix 3-2 FESEETENT

CASE: Volc3-3-2

Tsunami arrival time (min)
B -5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [T 40- 50 [ 150 - 180
[ 15-20 ] 50-60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

i« JICA WA M/ERR
X 2.6.166 EFB|ZEFREE DA (Lateiki, H=90m)

A3-2-160



Z 7 A T LA — ; Appendix 3-2 FESEETENT

CASE: Volc4-3-2

Tsunami arrival time (min)
B -5 [ _]25-30[]90-120 . = 2
[ 5-10 [ 30-40 [l 120- 150 - L ks :
[ 10- 15 [I0] 40- s0 [ 150 - 180
[ 15-20 ] 50-60 [ 180 - 240
[J20-25 ] 60-90 [ 2¢0 - 300

Hih : JICA FAZFATER
2.6.167 HEEIERH MK (Fonuafo’ou, H=90m)

A3-2-161



Z 7 A T LA — ; Appendix 3-2 FESEETENT

CASE: Volc5-3-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120
[ 5-10 [ 30-40 [l 120- 150
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

H L : JICA S MER
X 2.6.168 EFZ|ZERFMEHAAX (Unamed2, H=90m)

A3-2-162
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CASE: Volc6-3-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120 2
[ 5-10 [ 30-40 [l 120- 150 L ks
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

ML : JICA FAERIER
2.6.169 FEIEZE|ERFE 24X (Unamed3, H=90m)

A3-2-163
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CASE: Volc7-3-2

Tsunami arrival time (min)
B 5 [ ]25-30[]90-120 2
[ 5-10 [ 30-40 [l 120- 150 L ks
[ 10- 15 [ 40- 50 [ 150 - 180
[ 15-20 ] 50- 60 [ 180 - 240
[J20-25 ] 60-90 [ 240 - 300

H L : JICA S MER
X 2.6.170 EFBZERFESAAX (Unamed4, H=90m)

A3-2-164





