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Foreword

Since the Indian Ocean Tsunami of 26 December 2004, much progress has been made in
establishing regional tsunami early warning and mitigation systems in the Indian Ocean,
Caribbean and Northeast Atlantic & Mediterranean. The systems complement the one that had
been operational in the Pacific since 1965. We continue, however, to face very significant
challenges with the tsunami readiness and preparedness, in particular for locally generated
tsunamis.

Community preparedness is vitally important because it enables a rapid appropriate response
to both official warnings and the natural signs of a possible tsunami. This is critical for saving
lives for all tsunami events, and it is even more essential for locally generated tsunamis.
Without tsunami community preparedness, chances of people top escape and survive a locally
generated tsunami are minimal.

Two important components of community preparedness are science-based tsunami inundation
maps and participatory-developed tsunami evacuation plans and maps. Only when you are
well aware of the tsunami hazard, your community can be prepared against this natural threat.
This guide describes how to develop tsunami inundation and evacuation maps and how to
increase the community tsunami readiness and preparedness, including through drills and
exercises.

With active participation of the governments of Central America, and through multiple
partnerships with funding and technical agencies, the Pacific Tsunami Warning and Mitigation
System (PTWS) developed over the period 2015-2017 the technical and practical basis for
the guide.

| extend my warmest thanks to all PTWS Member States, the many experts that contributed to
this guide, and to the partners who provided financial support for IOC of UNESCO for
producing this tool.

Dr Vladimir Ryabinin
Executive Secretary of the Intergovernmental

Oceanographic Commission of UNESCO,
Assistant Director-General of UNESCO
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Background

In July 2014, the Steering Committee of the Intergovernmental Coordination Group for the
Pacific Tsunami Warning and Mitigation System (PTWS-SC) endorsed the recommendation
of Working Group 3 (Disaster Management and Preparedness) that the next priority of the
PTWS was to focus on ‘preparedness’. The primary focus was for communities to know ‘what
to do’ and ‘where to go’ when a tsunami warning alert is issued.

The International Tsunami Information Center (ITIC) recommended a capacity building focus
on evacuation and proposed a new course, Tsunami Evacuation Maps, Plans, and Procedures
(TEMPP), that was accepted by the PTWC Steering Committee, and then affirmed by Member
States at the Twenty-sixth session of the ICG/PTWS in April 2015. ITIC enlisted a Course
Development Team with practicing expertise in tsunami inundation modelling, scenario
identification for evacuation mapping, emergency planning, response and exercising, and
community preparedness to help develop the course.

An ICG/PTWS-XXVI (2015) Task Team on Evacuation Planning and Mapping, and an
ICG/PTWS-XXVII (2017) Task Team on TEMPP and Tsunami Ready, provided guidance. At
the global level, the IOC/TOWS Inter-ICG Task Team on Disaster Management and
Preparedness and international experts provided the final review.

The TEMPP training course is intended to be a standardized course and process for the
production of reliable and practical community-level tsunami evacuation maps. Targeted
trainees were Tsunami National Contacts, National Tsunami Warning Centres and Tsunami
Warning Focal Points, staff from Disaster Management Agencies and other governmental
institutions (local and national) and leaders from civil society organizations. Tsunami modelling
training targeted physical scientists and oceanographers in governmental institutions and
universities. The direct outcomes for the participating country include:

Communities that know what to do and where to go when a tsunami warning is issued,
or when self-responding to the natural warning signs of a tsunami, and

Country capability and tools to replicate the community evacuation map process
elsewhere.

From July 2015 to February 2017, the ITIC, NOAA Caribbean Tsunami Warning Program
(CTWP), and the 10C collaborated to develop and pilot the course in Honduras, inviting Central
America and Mexico to participate. The TEMPP course and process built upon previous efforts,
and consisted of a linked set of five 1-week training workshops, each building upon the
previous, that applied global standardized tools and methodologies on:

Inundation Modelling and Inundation Map Development (TEMPP 1 and 2)
Evacuation Map Development and Evacuation Planning (TEMPP 3)

Tsunami Warning and Emergency Response Standard Operating Procedures (SOPs).
(TEMPP 4)

Conducting Community Tsunami Exercises (including evacuation) (TEMPP 5)

Altogether, 34 participants attended the trainings that were supported by 11 instructors; 8
experts participated in the Seismic Tsunami Sources Expert meeting. Evaluations or feedback
sessions at the end of each training workshop provided valuable advice for finalizing the
course. In addition, a “Tsunami Ready” pilot was conducted for the town of Cedefio, Honduras,
and the community was recognized as TsunamiReady in February 2017
(http://www.tsunamiready-international.org).


http://www.tsunamiready-international.org/
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In February 2017, after the completion of the last TEMPP training, the TOWS-WG noted with
satisfaction the progress made during the intersessional period on Tsunami Evacuation

Mapping, specifically that:
PTWS had successfully completed the TEMPP pilot over two years in Honduras
ITIC, CTWP, and IOC are ready to provide guidance to countries that want to implement
similar projects
Existing best practice and evacuation mapping guidelines have been identified

PTWS will finalise project documentation and make it available to other regional
tsunami Intergovernmental Coordination Groups, noting the interest of Indian Ocean
Tsunami Warning and Mitigation System (IOTWMS) and Tsunami and other Coastal
Hazards Warning System for the Caribbean and Adjacent Regions (CARIBE-EWS).

This guide concludes the above-mentioned courses and aims to disseminate its methodologies
widely.
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PART |
INTRODUCTION

STRATEGY FOR TSUNAMI DISASTER RISK REDUCTION

Effective early warning systems will save lives. To be effective, there must be synergy among
all levels of the warning system, with international, national, and community actions
harmonized to effect a seamless warning and response chain —an end-to-end warning system
from detection to safe evacuation. Warnings are most effective when there is continuous public
awareness and preparedness to support appropriate public action. The eight elements of an
effective warning system can be summarized as follows:

1.

Proper instruments that enable the early detection and assessment of threat of
potentially harmful earthquakes and tsunamis. The data obtained by these instruments
must be readily available to all nations continuously and in real-time.

The National Warning Centre must be able to analyse and forecast the impact of
tsunamis on coasts in advance of the waves’ arrival, and the local, regional, and/or
national Civil Protection or Disaster Management Agencies must be able to
immediately disseminate the alerts and enable evacuation of all vulnerable
communities. The communications methods must be reliable, robust, and redundant,
and work closely with the mass media and telecommunications providers to accomplish
this broadcast as well as integrate social media. Vulnerable populations must be
informed in an understandable and culturally appropriate way.

Awareness that educates and informs a wide populace on how to recognize a tsunami
natural warning signs and what to do, from ordinary citizens to lifeline and critical
infrastructure services. The public must know a tsunami’s natural warning signs and
where to evacuate immediately because a local tsunami may hit within minutes and
before an official tsunami warning can be issued and received. Respect for and use of
indigenous knowledge is important.

Preparedness arrangements that practice procedures and actions necessary to save
lives and reduce impact. Drills and exercises, and proactive outreach and awareness
are essential for reducing tsunami impact. The inclusion of natural hazards science and
disaster preparedness subjects in the school curriculum will prepare and carry
awareness to the next generations. Gender-related issues in preparedness and family
responses in emergencies need to be accommodated.

Response planning that identifies and creates the public safety procedures and
products that enable fast action. This includes both land evacuations of people and
marine evacuations in ports, harbours, and protection of airports and critical and lifeline
facilities. It is necessary to create and widely disseminate tsunami evacuation maps
that include instructions on when to go, where to go, and how to go. Evacuation zones,
shelters, and evacuation routes need to be clearly identified, and widely known by all
segments of the coastal and marine population.

Tsunami-resistant engineering and building codes, and prudent land-use policies that
are implemented as pre-disaster mitigation. Tall, reinforced concrete buildings, or
natural berms, can offer safe places to which people can vertically evacuate if there is
no time to reach higher ground. Long-term planning to avoid placing critical
infrastructure and lifeline support facilities in inundation zones will reduce the time
needed for services to be restored and reduce economic impact.
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7. Stakeholder coordination to facilitate effective, seamless actions in warning and
emergency response. Clear designation of the national or local authority from which
the public will receive emergency information is essential to avoid public confusion,
which would compromise both public trust and safety.

8. High-level advocacy at community, national, and international levels that ensures a
sustained commitment to prepare for what are infrequent, but high-fatality natural
disasters such as tsunami.

1.2 END-TO-END TSUNAMI WARNING — EVACUATION

con e W""{Sl'{;%v‘éﬁii'“”
detect|on Evaluauon Emergency Action /

Figure 1. End-to-end tsunami warning chain
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The end-to-end tsunami warning chain requires key operational agencies to work together in
a coordinated manner. Each must have a good understanding of each other’s roles,
responsibilities, authorities, and action, especially for fast-evolving local tsunamis that can
attack in minutes. The chain should operate seamlessly, following a predetermined set of
procedures. Throughout the event, there should be an on-going and continuous flow of
information amongst the operational agencies.

The end-to-end tsunami warning chain covers the activities of event monitoring and detection,
threat evaluation and warning decision-making followed by emergency action, public
notification, decision, and finally public action. However, a tsunami warning will only be
successful when all people in vulnerable coastal communities have prepared beforehand, and
then respond appropriately and in a timely manner upon recognizing that a potential
destructive tsunami may be approaching.

This means that every person must know and understand when to evacuate (self-evacuate)
and where to evacuate to. The ‘where to’ solution is reliable and practical community-level
tsunami evacuation plans, maps and procedures. Tsunami evacuation planners must consider
the different responses for a local, regional and distant source event. A distant source tsunami
allows for more than three hours for evacuation. A regional tsunami is particularly challenging,
as only one to three hours exist to decide and conduct an evacuation. A local tsunami (less
than one hour between tsunami trigger and wave arrival) will require immediate self-evacuation
based on ground shaking or other natural warning signs observed by community members.
Local tsunamis and earthquakes should be planned for together, as earthquake impact may
make evacuation challenging. The time required to execute an evacuation should be analysed,
and built into the decision-making procedure. Tsunami evacuation plans, maps, and
procedures should be developed with community and government input so that evacuation
advice (or orders) to evacuate are clear and the evacuations themselves orderly.

Tsunami evacuation maps are a critical product of the tsunami evacuation planning process.
Evacuation maps, based on the expected inundation maps, must delineate zones that need to
be evacuated when a dangerous tsunami is imminent. The evacuation zones are typically
indicated using contrasting colours. Multiple evacuation zones (and colours) can be used,
depending on the hazard assessment for the area (for instance where there is significant
difference between a local or distant tsunami, or an extreme tsunami threat). In high density
locations, the maps should indicate the optimum evacuation routes to safe areas. As not all
areas will have access to natural high ground, some locations may need to consider adopting
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a policy of vertical evacuation to a designated (and sign posted) strong building, or for
sheltering in place. Ideally, the public should evacuate by foot when possible to avoid creating
traffic congestion. Evacuation plans and maps should be vetted at community meetings and
corresponding authorities, and an educational tsunami evacuation brochure developed for
wide distribution.

Evacuation planning is the process for identifying areas potentially at risk from tsunami, and
the actions required to ensure the safety of people while evacuating from those areas. It is
fundamental that evacuation plans are integrated with the tsunami early warning system, as
well as with other public and private sector emergency plans. Evacuation plan components
should cover: types of evacuation (e.g. voluntary, mandatory) and the management of the
respective phases (e.g. decision, notification, process, shelter, return).

Special planning considerations must be given to the portion of affected communities that are
incapable of or will have difficulty evacuating without assistance, such as hospitals. In addition,
tsunami response plans, including shutdown of services and evacuation of personnel, should
be in place for critical facilities and infrastructure.

Evacuation procedures should include guidance to emergency services at the local level,
thereby, ensuring evacuation zones are closed off and secured until the tsunami warning is
cancelled and the threat of a tsunami no longer exists. Once areas have been evacuated,
roadblocks, barricades, and/or a system of patrols should be set in place to keep the public
from returning to evacuation zones and to keep people with malicious intent out. The decision
to allow re-entry (e.g. all-clear) will be made by Emergency Management officials.

Signage is an effective mechanism for public education on the risk posed by tsunamis and the
appropriate evacuation response to a tsunami event. Stakeholders, including the public, should
examine sighage locations and types during the planning process. Four basic categories of
tsunami sign types are: evacuation zone, evacuation route, evacuation safe-location/assembly
areas and information board. Many different tsunami signs are available around the world,
though three basic signs (hazard / evacuation zone, horizontal safe point, and vertical shelter)
were agreed upon and adopted by the International Organization for Standardization (see ISO
20712). Signage must be in sync with local community education, preparedness, and
mitigation programs.

Exercising these plans and procedures helps to validate, increase and sustain awareness and
preparedness. Tsunami exercises can range from orientation workshops and straightforward
communications tests to full-scale alerting and evacuations of people from tsunami hazard
zones. A perfectly executed warning will be useless if people, agencies and organizations do
not know how to respond to the warning. Exercise also support the planning process through
review and assessment.

13 UNESCO/IOC TSUNAMI READY PROGRAMME

Coastal communities can be better prepared for tsunamis through planning, education and
awareness, and the strengthening of their local emergency actions. Recent tsunamis in Samoa
(2009), Chile (2010), Japan (2011), Solomon Islands (2013), and Indonesia (2012, 2018) attest
to the importance of readiness: when a tsunami arrives and communities are ready to respond,
lives are saved and fewer people die.

Under the auspices of UNESCO/IOC and facilitated by the IOC’s Tsunami Information Centres,
Tsunami Ready is an international performance-based community recognition pilot
empowering communities to better prepare themselves for the next tsunami. The
Intergovernmental Coordination Group for the Tsunami and other Coastal Hazards Warning
System for the Caribbean and Adjacent Regions (ICG/CARIBE-EWS) at its Tenth session (19—
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21 May 2015, Philipsburg, Saint Martin), approved ten guidelines for Tsunami Ready
recognition by UNESCO/IOC (Recommendation ICG/CARIBE-EWS-X.6). In 2017, the IOC, on
the recommendation of its Working Group on Tsunamis and Other Hazards Related to Sea-
Level Warning and Mitigation Systems during its Tenth meeting (IOC/TOWS-WG-X),
instructed Member States to consider piloting the CARIBE-EWS Tsunami Ready guidelines
and report back to the TOWS Working Group with a view to develop harmonized consistent
global guidelines.

Coastal communities seeking the Tsunami Ready recognition should meet all ten guidelines?.
For each ICG region (CARIBE-EWS, IOTWMS, NEAMTWS, PTWS), the regional Tsunami
Information Centres (CTIC, IOTIC, NEAMTIC, ITIC, respectively) will assist countries
interested in piloting Tsunami Ready. The specific actions required to meet each guideline will
vary among communities depending on the types of tsunami hazards and related vulnerability,
and as determined by the National or Regional Tsunami Ready Board. Determination of the
range of plausible local, regional, and distant tsunami threats in a particular community rests
with the designated Board, who will consult tsunami experts, TICs, IOC Tsunami Service
Providers (TSPs), National Tsunami Warning Centres (NTWCs), and emergency managers,
universities or consultants. For recognition, a community must complete and submit the
Tsunami Ready application form to the corresponding Tsunami Ready Board. Once approved,
the UNESCO/IOC will grant the recognition.

As of April 2019, UNESCO/IOC Tsunami Ready has been piloted (or pilots were underway) in
12 countries with Caribbean coasts, 12 countries with Pacific coasts, 2 countries on both their
Caribbean and Pacific coasts, and two countries in the Indian Ocean. Additionally, 25 countries
around the world have indicated interest in conducting pilots.

MITIGATION (MIT)

MIT-1. Have designated & mapped tsunami hazard zones

MIT-2. Have a public display of tsunami information

PREPAREDNESS (PREP)

PREP-1. Have a tsunami evacuation map developed in collaboration with communities
and local authorities

PREP-2. Develop and distribute outreach and public education materials

PREP-3. Hold at least three outreach or educational activities annually

PREP—4: Conduct an annual tsunami community exercise

RESPONSE (RESP)

RESP-1. Address tsunami hazards in the community’s emergency operations / response
plan

RESP-2. Have the capacity to manage emergency response operations during a tsunami

RESP-3. Have redundant and reliable means to receive official tsunami warnings 24x7

RESP—4. Have redundant and reliable means to disseminate official tsunami warnings
and information to the public 24x7

Table 1. UNESCO/IOC Tsunami Ready Guidelines — ICG/CARIBE-EWS and ICG/PTWS2.

1 Note: The ICG/IOTWMS at its Eleventh session decided to establish an 11th guideline: Have a tsunami
risk reduction plan.

2 Note: Although the guidelines are at an advanced stage and are used for implementation, they may
be subject to change given the Pilot status of the Programme at the time of development of this Guide.


https://unesdoc.unesco.org/ark:/48223/pf0000233815.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000255993.locale=en
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2. PURPOSE AND READER’S GUIDE
2.1 PURPOSE

This guide focuses on actions that communities can take to build resilience to the next tsunami.
It effects actions with the end goal of saving lives and reducing tsunami impact by, focusing on
coordinated Stakeholder Response Planning and Preparedness, accompanied by continuous
Awareness on the End-to-End Warning System to sustain Advocacy. The actions and products
of this guide —tsunami hazard assessments, inundation and evacuation maps, response plans
and procedures, awareness, and exercises— assist communities in making themselves more
prepared. The guide, formatted to support the training of people who are responsible for these
deliverables, can be used as part of the process to become UNESCO/IOC Tsunami Ready, or
simply to enhance preparedness.

2.2 READER’S GUIDE

This guide is completed with a supplement consisting of digital-only files. The guide provides
a summary on tsunami disaster risk reduction, evacuation, and the UNESCO/IOC Tsunami
Ready community preparedness recognition pilot. It is followed by four evacuation planning
modules (Modules 1 to 4) describing the how-to-steps, objectives, target participants,
requirements, methodology, tools, templates, expected results, module references and
examples. Finally, the document contains four annexes: a general bibliography, the TEMPP
Pilot course, the content of supplement 1 and a list of acronyms.

The supplements contain detailed Module explanations and guidance, and Specialized
Documents that include how-to manuals, templates, and examples to support both training and
the delivery of outputs.

This guide assumes that adequate digital elevation models (DEMs) and the earthquake
tsunami sources have been identified through separate process, and therefore it does not
cover these two topics.

Module 1 describes the identification of inundation areas, including the identification of credible
and/or worst-case scenarios that should be modelled. It also includes guidance for situations
where there is no known or little tsunami hazard, or where the available bathymetry is too
coarse to permit credible tsunami inundation modelling.

Module 2 describes the development of evacuation maps from inundation maps. Best practice
guidance is provided on how to choose evacuation zones and routes. Geographic information
systems are used with standard symbology to create the map and the process of ‘ground-
truthing’ the map through community engagement is outlined.

Module 3 describes the development of Tsunami Response Plans and Standard Operating
Procedures (SOPs) focusing on the community evacuations, but including the tsunami warning
chain from the national tsunami warning centre to local authorities and the execution of
evacuation during a warning. A key element of tsunami response involves evacuation including
self-evacuation of exposed people and key assets to safer areas. Effective and successful
evacuation requires pre-planning by the relevant authorities.

Module 4 describes the use of exercising to practice tsunami evacuations.

The general bibliography includes documents and best practices that were used in the
development of this guide.

The Annexes contain detail on evacuation planning and capacity building.



Manuals and Guides, 82
page 6

Annex | describes the Tsunami Evacuation Maps, Plans, and Procedures (TEMPP) Pilot
Training that was conducted between 2015 and 2017. The TEMPP Pilot provided much of the
content for this guide.

Annex Il lists the contents of the Supplement, which consists of the Programme Modules, and
the Specialised Documents.

The most current versions of the Supplement to the Programme Modules and the Specialized
Documents are available from the IOC and ITIC, or can be downloaded from the ITIC Tsunami
Evacuation Maps, Plans, and Procedures (TEMPP) website http:/itic.ioc-
unesco.org/index.php?option=com_content&view=category&layout=blog&id=2166&Itemid=2

640.

3. ACTIONS TO REDUCE COMMUNITY RISK FROM TSUNAMIS

3.1 INTRODUCTION

Community tsunami risk is reduced through pre-event evacuation planning. A key element of
tsunami response involves evacuation including self-evacuation of exposed people and key

assets to safer areas. Effective and successful evacuations are subject to proper planning by
the relevant authorities. Evacuation planning involves four foundation blocks:

Module 1: Identifying Inundation Areas.
Module 2: Developing Tsunami Evacuation Maps.
Module 3: Developing Tsunami Response Plans and Standard Operating Procedures (SOPs).

Module 4: Tsunami Exercising.

N\

N\ N\

1 2 3
Tsunami Tsunami Tsunami
Inundation Evacuation Response
Mapping Mapping Planning

Figure 2. Foundation blocks (modules) for tsunami evacuation planning.

This guide has been prepared to support the training of people who are responsible for the
development of each foundation block. Each Module has two main components:

The training approach with the intent to facilitate trainers to deliver the specific
foundation block; and

The step-by-step process involved in the implementation of the Module. The intent is
to serve as an easy reference when the training is being put to practice.

This guide is supported by an electronic Supplement that offers more detail, examples and
resource references to support both training and the delivery of outputs.


http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2166&Itemid=2640.%20
http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2166&Itemid=2640.%20
http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2166&Itemid=2640.%20
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The rationale and requirements for participating in each Module of the programme are provided
below?.

3.2 OVERVIEW OF PROGRAMME

Module 1: Identifying Tsunami Inundation Areas

A tsunami inundation map identifies areas expected to be flooded by tsunamis based on
available historical evidence and/or modelling. This information is essential to:

Awareness of the tsunami hazard,
Development of evacuation plan,

Undertaking mitigation measures to minimize the impact of tsunami.

The inundation along the coast will vary depending on several factors like the magnitude of the
earthquake generating the tsunami, the shape and morphology of the coast and near-shore
bathymetry (i.e. geographical features), infrastructure, and the type and extent of development
along the coastal areas.

This Module will equip participants with knowledge to develop an inundation map, with or
without the use of modelling. Participants should have a computer with a minimum of 2GB
memory (RAM), hard drive space, and knowledge or background in either:

Seismology,
Oceanography,
Numerical simulation,

Geographic Information System (GIS).

Module 2: Developing Tsunami Evacuation Maps

In the end-to-end tsunami warning chain, once a tsunami forecast is known and a warning
issued, communities must know what to do and where to go when a tsunami is imminent. The
‘what to do’ will be to evacuate to a safe place, and the ‘where to go’ is answered using a
tsunami evacuation map.

The knowledge about inundation (Module 1) is used to produce the tsunami evacuation map.
Evacuation maps, which include evacuation zones, evacuation routing, assembly areas,
signage and critical or special-need facilities and infrastructure are developed by emergency
management agencies in consultation with the community. This Module will equip participants
with knowledge about the process to develop an evacuation map, and the content of
evacuation maps. Participants should include relevant emergency managers and GIS
practitioners.

Delivery of the Module is subject to the existence of inundation maps (Module 1).

3 Note: A basic understanding of earthquake and tsunami science and behaviour by participants will
support the delivery of each Module. Therefore, a training session on basic earthquake and tsunami
science may be required depending on the level of understanding of those undertaking each Module.
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Module 3: Developing Tsunami Response Plans
and Standard Operating Procedures (SOPSs)

Emergency Management must plan in advance for tsunami response. Not only must they have
a process for receiving official warnings and recognizing natural warning sign to make
appropriate decisions in response to them, they must also understand the challenges and
procedures that will apply during evacuations, as well as with regards to the loss of critical and
sensitive infrastructure. Closely associated is public awareness to ensure the public
understand where official warnings will come from, when they can expect them (and when not,
for example during a local source earthquake), how to evacuate and where their safe areas
are.

The Tsunami Response Plan covers the arrangements for warnings and evacuations, and
public awareness on these arrangements. It must align with higher level, generic all-hazards
emergency management plans.

This Module will equip participants with knowledge to develop a tsunami response plan and
associated Standard Operating Procedures (SOPs). They will also understand the
considerations in relation to public awareness about tsunami warnings and evacuations.
Participation is aimed at local and regional emergency managers, National Tsunami Warning
Centre (NTWC) staff, and local authority staff.

Delivery of the Module is subject to the existence of evacuation maps (Module 2).
Module 4: Tsunami Exercising

Tsunami evacuation exercises bring planning to practice. They serve two purposes:

Test the effectiveness of, and identify improvements to be made in regards to tsunami
warnings and evacuation maps, plans and procedures.

Promote public awareness and preparedness.

Exercises can be carried out by a single stakeholder in the end-to-end tsunami warning chain,
or by several stakeholders exercising together. They can be simple (i.e. a discussion or a drill),
or complex (i.e. an operational exercise over several days). In all instances the post exercise
process as equally important as the exercise itself in order to register lessons identified and
corrective actions to implement.

This Module will equip participants with knowledge about exercise options, the development
of exercises and the post-exercise process. Participation is aimed at local and regional
emergency managers, emergency services, local community leaders, and critical infrastructure
representatives.

Delivery of the Module is subject to the existence of a Tsunami Response Plan and SOPs
(Module 3) and evacuation maps (Module 2).

3.3 STAKEHOLDER RESPONSIBILITIES

The local authority, through its Emergency Management Office (EMO), is responsible for
evacuation planning. However, the Emergency Management Office cannot do the planning in
isolation of other stakeholders and experts. It is therefore critical to the success of the
Programme and its eventual implementation that a core group representative of all the key
stakeholders be established to oversee and ensure its participation, continuity and
implementation.
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Experts/Stakeholder

Roles

Local Mayor

Sponsor evacuation planning process,
approve and sign off on the Evacuation
Map and Plan

Local Emergency Management Agency

Lead planning process, own and manage
the Plan

Regional Emergency Management Agency

Contribute to planning; set regional
arrangements

National Emergency Management Agency

Set national arrangements

National Tsunami Warning Centre

Contribute to planning for warnings

Earthquake and Tsunami Experts

Advise on tsunami sources, threat and
behaviour

Local Authority

Make available relevant staff (i.e.
community planners)

Emergency Services

Contribute to planning, management of
evacuations and warning notification

Utilities & critical infrastructure

Advise on tsunami impact and needs

Community Groups

Advise on needs and Evacuation Maps

Non-Government Organizations

Contribute to planning for their role in
management of assembly areas, relief, and
awareness

Media

Contribute to planning for their role in
warnings

Numerical modellers

Develop Inundation Map

GIS Mapping Experts

Support development of Inundation and
Evacuation Maps

Residents

Contribute and participate in tsunami
evacuation mapping, planning, and
exercises

Education Community

Teach tsunami and disaster preparedness
curricula in schools; Participate in
evacuation, planning and exercising of
school and extended communities

Tourist/Visitor Industry

Share information on tsunami awareness
and evacuation. Each hotel should have an
evacuation plan

Business Organizations and Private Sector

Share information on tsunami awareness
and evacuation

Maritime Groups, Port and Harbour
Authorities

Share information on tsunami awareness
and evacuation of ports and harbours.
Prepare evacuation plan for marine
vessels, including for tourist cruise ships

Table 2. The above table describes the stakeholders and experts
that have to be involved in the process, and their roles.
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PART I
PROGRAMME MODULES

MODULE 1: IDENTIFYING TSUNAMI INUNDATION AREAS

1.1. INTRODUCTION

A tsunami inundation map identifies areas expected to be flooded by tsunamis based on
available historical evidence and/or modelling. These maps provide awareness of tsunami
hazard and assist communities and local/national government in developing evacuation plans
and mitigation measures to minimize the impact of the tsunami.

The inundation along the coast will vary depending on several factors like magnitude of the
earthquake generating the tsunami, fault type, location of earthquake relative to the
community, type of coasts, structures built along the coasts and other geographical features.

This module focuses on learning the basics of tsunami science and numerical modelling,
required data and information needed, conducting tsunami modelling, and creating an
inundation map that will be used in Module 2: Evacuation Mapping.

1.2. CONTENT

Step 1. Acquire needed data/information.

Step 2. Learn basics of tsunami science and numerical modelling.
Step 3. Conduct tsunami numerical modelling.

Step 4. Create an inundation map.

1.3. OBJECTIVES

Participants will:

Learn the basics of tsunamigenic sources, tsunami
generation/propagation/inundation, and tsunami wave characteristics;

Conduct tsunami inundation modelling based on near- and far-field tsunamigenic
sources;

Develop an inundation map based on numerical modelling or no modelling.
1.4. TARGET PARTICIPANTS

The target audience are:
Numerical modellers,
Local/National Seismologists and tsunami experts/scientists,
Oceanographers,
Civil, Mechanical, and Hydraulic Engineers,
Mathematicians,

GIS experts.
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Optional participants are:
Local Emergency Managers,
Local Authorities Staff,

Disaster mitigation personnel.
1.5. REQUIREMENTS

Target participants should have a computer with a minimum of 2GB memory (RAM), some
numerical models may require more RAM, hard drive space, and knowledge or background in:

Seismology,
Oceanography,
Numerical simulation,

Geographic Information System (GIS).
1.6. METHODOLOGY

The module will entail lectures, discussions, hands-on exercises on simulating tsunami
scenarios, inundation map generation, and presentation of results with the group. Listed below
is a typical or suggested duration and time allocation for each activity. If no modelling is
possible, then group discussions are needed to determine the inundation level. Step 4 provides
information on the ‘no modelling’ option.

Suggested time
Activity

Train the Trainer End User
Lecture on basics of tsunami 1 day 2.5 days
science and numerical models
Numerical modelling of tsunamis 1.5 days 3 days
Generating the inundation map 1 days 4 days
Presentation of simulated results 0.5 days
to the group

Table 3. Activities and suggested time
1.7. EXPECTED RESULTS

Agencies/participants will be able to produce their own inundation maps.
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1.8. MODULE CONTENT

N

2 3 4

N\

1

Acquire Learn basics of tsunami Conduct tsunami Create
required science and numerical modelling or no Inundation
information modelling modelling Map

Figure 3. Steps for Module 1 — Inundation Mapping

Step 1: Acquire Required Information

Determining the maximum credible, worst-case, or all realistic earthquake scenarios and
creating a high-resolution DEM sufficient for inundation mapping takes a significant amount of
time and effort. Therefore, it is important to note these two items need to be established well
ahead of time before numerical modelling can be conducted.

It is highly recommended that the regional and local authorities, in cooperation with national
authorities, have already conducted research and identified the most credible and realistic
earthquake or other source(s) that will be used. It is suggested that international experts be
included in the discussions or committee. The regional and local jurisdictions can provide their
own model based on their own criteria and understanding if the national level has no
recommendation. However, every effort should be made to consult with national/international
experts. For areas where a fault model has not been provided, the fault model should be
chosen based on research on past tsunamis.

The committee needs to develop a comprehensive list of active subduction zones, tsunami
earthquakes and other tsunamigenic zones around the basin where the generated tsunami
would possibly impact the coastal area of interest. Best examples of earthquake generated
tsunamis that had local as well as basin wide impacts are Chile in 1960, Alaska in 1964,
Sumatra in 2004, Chile in 2010, and Tohoku in 2011. For more earthquake data, seismicity
maps are available from United States Geological Survey (USGS) website
(earthquake.usgs.gov). Local earthquake scientists should be consulted to identify the
maximum credible or worst-case credible scenarios to be used for inundation modelling. The
larger the earthquake magnitude, the larger tsunami it produces is not entirely correct. Slow
earthquakes are also capable of generating large tsunamis in comparison to their magnitude,
thus should be included on the list. Smaller magnitude earthquakes should never be
underestimated especially near-field/local sources since it has the potential to affect near-field
coastal areas. These slow earthquakes and near-field earthquakes are sources that should be
considered and be included in conducting numerical simulations (IOC/TOWS-WG-1X/3 Rev.,
2016).

To support regional efforts, the IOC has convened Expert Workshops to discuss and identify
maximum credible and/or worst-case earthquake scenarios for tsunami inundation modelling
for evacuation planning. To date, workshops have been held for Haiti (I0C, 2013), South China
Sea (I0OC, 2015), Dominican Republic (I0OC, 2016), Central America (Caribbean and Pacific,
IOC, 2016b), Tonga-Kermadec Trench (IOC, 2019), and the Lesser Antilles Trench (10C,
2019b). Additional IOC workshops are planned in 2020 for the Ecuador-Colombia Trench, and
New Guinea, New Britain, South Solomon, and New Hebrides Trenches.

The Tsunami Coastal Assessment Tool (TSUCAT, NOAA, ITIC, v.4 2019) is a useful tool for
worst-case scenario identification. TSUCAT provides access to a Pacific, Caribbean, and Indian
Ocean database of tsunami modelling results from NOAA’s pre-computed catalogue of
sources (Propagation Database, Gica, et al., 2008), and for the Pacific and Caribbean the RIFT
model (I0C/2013/TS/105 Rev.3) to assist a country in its tsunami hazard assessment, tsunami



https://www.usgs.gov/
https://earthquake.usgs.gov/
https://unesdoc.unesco.org/ark:/48223/pf0000245930.locale=en
http://itic.ioc-unesco.org/index.php?option=com_content&view=article&id=2028:tsunami-coastal-assessment-tool-tsucat&catid=2141&Itemid=2565
https://unesdoc.unesco.org/ark:/48223/pf0000220368.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000245930_eng
https://unesdoc.unesco.org/ark:/48223/pf0000220368_eng
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exercise and response planning, and warning decision-making. Simulations for historical
tsunami sources from NOAA's National Centers for Environmental Information (NCEI) and
U.S. Geological Survey earthquake archive are included, as well as the sources identified
through the 10C Expert Workshops on Tsunami Sources.

The characteristics of a tsunami waves are very sensitive to bathymetric features; therefore, it
is very important that high quality, high resolution bathymetric and topographic data (Digital
Elevation Model (DEM)) are obtained before conducting tsunami simulations. A grid resolution
of at least 3 arc-sec (90 m) or finer is recommended for an accurate hazard inundation
mapping. A 1/3 arc-sec (10 m) grid resolution is preferable especially for ports and harbours.
It has to be kept in mind that using grid resolution coarser than 3 arc-sec (90 m) will produce
inaccurate results since coastal features might not be properly resolved. A coarser grid
resolution will also have less points per tsunami wavelength and will not properly resolve the
nearest-coast shorter-wavelength waves and could miss the highest/lowest tsunami wave
amplitude.

A LIDAR survey that covers both the subaerial and submarine portions of the study area is the
preferred data requirement for a hazard assessment, and a multi-beam survey is the minimum
requirement. If coral reefs and shallow lagoons are present in the study area, the multi-beam
survey data might need to be augmented by LIDAR or aerial photography.

For the DEM, all available bathymetric and topographic data should be used. The NOAA NCEI,
which serves as the ICSU World Data Service for Geophysics (WDS-G), and the IHO Data
Centre for Digital Bathymetry (DCDB, https://www.ngdc.noaa.gov/iho/), is an international
resource for coastal DEM development. It freely distributes a wide variety of DEMs online, from
global to community scale, and provides portal access to DEMs built by other U.S. and
international agencies.

The WDS-G includes includes Bathymetry and Global Relief
(https://www.ngdc.noaa.gov/mgg/bathymetry/relief.html) and Natural Hazards (tsunami
database, https://www.ngdc.noaa.gov/hazard/). The DCDB contains oceanic soundings
acquired by hydrographic, oceanographic and other vessels during surveys or while on
passage. Data are publicly available and used for the production of improved and more
comprehensive bathymetric maps and grids, particularly in support of the GEBCO Ocean
Mapping Programme.

Search for available DEMs for the region of interest and determine if the grid resolution and
area coverage is sufficient. If a higher grid resolution is needed, then the regional/local
jurisdiction needs to check with National authorities if the data are available. Otherwise this
should be a separate project that accomplished before conducting inundation modelling study
to generate an inundation map.

Step 2: Learn Basics of Tsunami Science and Numerical Models

Participants will be taught some basics on tsunami science in order to gain some
understanding on the process of how tsunamis are generated, how it propagates in the deep
ocean, and why it becomes destructive as it reaches a coastline.

Background on the development of a tsunami numerical model will be discussed and
comparison with historical events and lab experiments are presented. This is important to show
the reliability of the numerical model and provide confidence on the simulated results.


https://www.ncei.noaa.gov/
https://www.ngdc.noaa.gov/iho/
https://www.ngdc.noaa.gov/mgg/bathymetry/relief.html
https://www.ngdc.noaa.gov/hazard/
http://www.gebco.net/regional_mapping/mapping_projects/
http://www.gebco.net/regional_mapping/mapping_projects/
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Step 3: Inundation Modelling

1. Numerical Modelling

The tsunami simulation will be conducted using a numerical model. The general procedure in
conducting tsunami numerical simulation with any code is to first define the seismic source
parameters, i.e. epicentre, focal depth, fault length, fault width, dip-, rake-, strike- angle, and
slip. The seismic source parameters are then applied to a deformation source model to define
the shape of the earth’s vertical displacement. The most common method to define the initial
tsunami generation is that the sea surface displacement replicates the final vertical
displacement of the earth’s sea bottom.

The numerical code then takes the initial sea surface displacement and propagates it across
the deep ocean basin and then into the coastal areas of interest, where the high-resolution
DEM is used, to simulate tsunami wave amplitude, inundation, run-up and other tsunami wave
characteristics in shallower areas. It is recommended to conduct the simulation for more than
6 hours. This could be time consuming especially if there is insufficient computing power and
the type of numerical model used. However, this is necessary since the later waves could
possibly be of equal or higher magnitude compared to the first couple of waves due to wave
reflections from other coastal areas.

The simulated results should be reviewed for possible instabilities. This can be accomplished
by generating an animation and look for unusually extreme high tsunami wave amplitude or
unnatural wave pulsing at a certain location(s). These instabilities need to be addressed since
they can alter the simulated tsunami waves and produce unrealistic results. The file format of
the DEM to be used will also depend on which numerical code is used. Read thru the manual
of the specific numerical model used on how to fix this issue of instability and DEM format.
Table 4 lists different tsunami numerical codes that have met the benchmark requirements of
the United States National Tsunami Hazard Mitigation Program/Mapping and Modelling
Subcommittee (NTHMP/MMS, 2017).

The total number of simulations to be conducted depends on the regional, local, or national
authorities’ decision, discussed with seismic and tsunami experts, determined during the
discussion on tsunamic sources. A thorough tsunami hazard analysis should also consider far-
field source regions which pose a threat to the coastal region of interest.

2. No Numerical Modelling

It is highly recommended to conduct tsunami inundation modelling in generating the inundation
map since it provides guidance that is based on science. However, if modelling resources are
not yet available, an inundation map can still be generated by following certain guidelines.

The Module 1 Supplement, Guidelines for Establishing Tsunami Inundation Zones for
Evacuation Mapping and Planning in Regions without Tsunami Modelling (ITIC, USA NOAA,
NZ, Philippines, Japan, 2016), provides guidelines and details on the recommended process,
and is summarized below.

A ‘No Modelling’ requires a careful and thorough study for historical inundation information.
The study should:

Consult regional, local, or national experts in seismology or tsunamis,
Verify if markers of historical events are available,

Check regional, local, or national newspaper archives and town bulletins reporting
about tsunamis,
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Check local folklores or stories passed down through elders about the ocean attacking
the coast,

Search tsunami catalogues, such:

o National Center for Environmental Information/World Data Service (NCEI/WDS)
Global Historical Tsunami Database, accessible at:
https://www.ngdc.noaa.gov/hazard/,

o] Institute of Computational Mathematics and Mathematical Geophysics SB RAS,
Tsunami Laboratory, Novosibirsk, Russia, accessible at http://tsun.sscc.ru/.

If historical evidence of past tsunamis is available, it is recommended to add buffer zones to
the maximum inundation evidence and also account for storm surge and maximum tidal level.
For added safety, the US NTHMP Guidelines recommends adding an extra 1/3 of the area that
corresponds to the maximum historical run-up.
(https://Inws.weather.gov/nthmp/documents/3nonmodeledregionguidelines.pdf)

In deciding the distance (inundation) and elevation (run-up) from the shoreline, it must be kept
in mind that local tsunamis will generally produce larger tsunami waves along the coast than
a far-field one. The community can decide whether there will be separate maximum inundation
lines for ‘local’ and ‘far-field’ tsunami or use one that covers a larger extent of inundation or
higher run-up for both cases.

If there is no reference information, the US NTHMP Guidelines recommended safe elevation
is 10 meters or higher.
(https://nws.weather.gov/nthmp/documents/3nonmodeledregionguidelines.pdf).

For distance inland from the shoreline, the US guidelines suggest that at 3 km (~2 miles) inland
from the shoreline, most local tsunamis are no longer destructive while for a distant tsunami
the distance is about more than 1.6 km (1 mile). However, as was documented in Japan in
2011 where many maximum runups were 20-30 m and inundation was observed more than 5
km inland, a local tsunami could far exceed ‘recommended’ levels and also vary from one
location to the next.

Step 4: Create an Inundation/Flooding Map

From the simulations, the maximum tsunami wave amplitude distribution can then be obtained
for each simulated case. A composite can be generated defining the maximum extent of
flooding from all credible scenarios (maximum of maximum) which will then be translated into
a tsunami inundation map. A discussion is needed whether to define two zones for the
inundation map; one for near-field/local source or far-field source, or establish only one zone.
The final maximum flooding extent can then be retrieved in GIS/QGis to create the inundation
map.

After having produced a draft inundation map, validation should be undertaken through expert
review and a field check that includes local knowledge.

Table 5 shows the relationship of tsunami inundation height in relation to its potential damage
and can be used as a guideline.

For Honduras, ComMIT (Community Modelling and Interface for Tsunamis, Titov et al., 2011,
https://nctr.pmel.noaa.gov/ComMIT/) was used to generate an inundation map. Simulating
different tsunami scenarios for the same location (as long as it is using the same DEM), a
composite maximum wave amplitude file can be created showing all the inundation extents.
The combined results can then be used to generate an inundation map for creating an


https://www.ngdc.noaa.gov/hazard/
http://tsun.sscc.ru/
https://nws.weather.gov/nthmp/documents/3nonmodeledregionguidelines.pdf
https://nws.weather.gov/nthmp/documents/3nonmodeledregionguidelines.pdf
https://nctr.pmel.noaa.gov/ComMIT/
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evacuation map. The final product was exported into GIS to produce a more professional
looking inundation map.

A sample of an inundation map developed for Cedefio, Honduras is shown in Figure 4.
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Figure 4. Inundation/flooding map developed for Cedefio, Honduras.
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underwater, website Month***
over water)
1 ALASKA GI'T Ny Ny N Ny Limited Ny Ny * SW
2 BOSZ N N N Limited *x B
3 COMCOT N N N Good N *x SW
4 FUNWAVE- N N N Good N *x B
TVD, v.10
5 GeoClaw Ny N Ny Good N xk B
6 MOST N Ny N Limited N * SW
(ComMIT)
7 NEOWAVE N N N Good *x B
8 SELFE N Ny N Good N bl CFD
9 | TSUNAMI3D J J v N Limited ok CFD
10 | TUNAMI/TUN J v N Good o Sw
AMI-N2

Table 4. List of Numerical Tsunami Models benchmarked by the USA NTHMP/MMS.

4Model Physics

SW = A 2D model which employs linear and non-linear Shallow Water (SW) equations for tsunami generation, propagation and wave runup/drawdown. Pressure field is hydrostatic and the
formulation ignores viscous effects, so these models are not recommended for landslide-generated tsunamis. No vertical velocity and the modelled horizontal velocities are depth-averaged.
Physical tsunami dispersion is often mimicked through numerical model dispersion. A practical choice for tsunami propagation and inundation simulations, however, models using depth-
averaged wave equations cannot adequately address all the wave-structure interaction issues near the coast.

B = A 2D model which uses Boussinesq-type (B) approximations, to parametrize the vertical wave characteristics allowing for non-uniform horizontal velocities in the vertical. A non-hydrostatic
model with a multi-layer approach, where more layers used increases the model accuracy, but also the computation time and complexity. Includes dispersion and can better simulate tsunami
waves near the seismic source and the coastline and inside harbours as well as wave-structure interactions.

CFD = A 3D Computational Fluid Dynamic (CFD) model which employs non-linear Navier-Stokes, or Euler equations, and is computationally quite intensive. Generally, CFDs are parallelized
to decrease runtime. Pressure field is non-hydrostatic, viscous effects are included, and since the model is 3D the depth profile of the horizontal velocity is not averaged. Fully nonlinear CFD
models can simulate wave breaking and overtopping. They are often necessary for civil engineering applications, such as tsunami force and scour on local infrastructure. The most complex
model choice - it includes dispersion and can better simulate tsunami waves near the coastline and inside harbours as well as wave-structure interactions.
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Links or contacts for each numerical model:

Alaska GI'-T: Alaska Geophysical Institute, Dmitry Nicolsky (djnicolsky@alaska.edu)
BOSZ: Volker Roeber, University of Pau (volker@hawaii.edu)

COMCOT
(https://pdfs.semanticscholar.org/401d/e93588d6¢28d0c3984044ad1f95b75dadab0.pdf)

FUNWAVE-TVD, v1.0 (https://www1.udel.edu/kirby/programs/funwave/funwave.html)
GeoClaw (https://depts.washington.edu/clawpack/geoclaw/)

MOST (https://nctr.pmel.noaa.gov/model.html)

NEOWAVE: University of Hawaii, Kwok Fai Cheung (cheung@hawaii.edu)

SELFE (http://www.stccmop.org/knowledge_transfer/software/selfe)

Tsunami3D (http://www.tamug.edu/tsunami/Researcher.html)

TUNAMI/TUNAMI-N2: Tohoku University, Fumihiko Imamura,
(imamura@irides.tohoku.ac.jp,
http://irides.tohoku.ac.jp/eng/organization/faculty/risk/imamura.html)

Sample publication:
Alaska GI'-T (https://link.springer.com/article/10.1007%2Fs00024-010-0231-9)
BOSZ (http://www.sciencedirect.com/science/article/pii/S0378383912001081)

COMCOT
(http://tsunami.ihs.ncu.edu.tw/tsunami/Forecasting_the_wrath_of a_tsunami.htm)

FUNWAVE-TVD, v1.0: Wei, G. and Kirby, J. T. 1995. Time-Dependent Numerical Code
for Extended Boussinesq Equations” in Journal of Waterway, Port, Coastal and Ocean
Engineering, 120, 251-261. https://ascelibrary.org/doi/abs/10.1061/%28ASCE%290733-
950X%281995%29121%3A5%28251%29

GeoClaw (https://arxiv.org/abs/1410.2884)

MOST: Titov, T.V., C.E. Synolakis. 1997. “Extreme Inundation Flows During the Hokkaido-
Nansei-Oki Tsunami”. In Geophysical Research Letters, 24 (11), 1315-1318.
(https://nctr.pmel.noaa.gov/titova7.html)

NEOWAVE (http://onlinelibrary.wiley.com/doi/10.1002/2014GL061232/full)

SELFE (https://www.sciencedirect.com/science/article/pii/S1463500307001436)
Tsunami3D (https://link.springer.com/article/10.1007/s00024-014-0988-3)
TUNAMI/TUNAMI-N2 (http://onlinelibrary.wiley.com/doi/10.1002/2014GL062577/full)



mailto:djnicolsky@alaska.edu
https://pdfs.semanticscholar.org/401d/e93588d6c28d0c3984044ad1f95b75dadab0.pdf
https://www1.udel.edu/kirby/programs/funwave/funwave.html
https://depts.washington.edu/clawpack/geoclaw/
https://nctr.pmel.noaa.gov/model.html
http://www.stccmop.org/knowledge_transfer/software/selfe
http://www.tamug.edu/tsunami/Researcher.html
http://irides.tohoku.ac.jp/eng/organization/faculty/risk/imamura.html
https://link.springer.com/article/10.1007%2Fs00024-010-0231-9
http://www.sciencedirect.com/science/article/pii/S0378383912001081
http://tsunami.ihs.ncu.edu.tw/tsunami/Forecasting_the_wrath_of_a_tsunami.htm
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%290733-950X%281995%29121%3A5%28251%29
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%290733-950X%281995%29121%3A5%28251%29
https://arxiv.org/abs/1410.2884
http://onlinelibrary.wiley.com/doi/10.1002/2014GL061232/full
https://www.sciencedirect.com/science/article/pii/S1463500307001436
https://link.springer.com/article/10.1007/s00024-014-0988-3
http://onlinelibrary.wiley.com/doi/10.1002/2014GL062577/full
mailto:volker@hawaii.edu
mailto:cheung@hawaii.edu
mailto:imamura@irides.tohoku.ac.jp
https://nctr.pmel.noaa.gov/titov97.html
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MEMEELEm 7 Eig Damage Description
(meters)

1+ Most of the people caught by the tsunami may perish. People
can lose their balance and vehicles begin to float in as little as
30 cm of water.

2+ More than half of structures may be completely damaged

3+ Evacuation will be difficult or not possible. More than half of
structures may be completely damaged or washed away.

5+ Second floor and part of the third floor of buildings will be under
water.

10+ Third floor and part of fourth floor of buildings will be under
water. Many structures may be washed away.

Table 5. Inundation height in relation to potential damage it could cause.
1.9. SPECIALIZED DOCUMENTS

The following are guidance and tools that were identified for use or newly created for this guide
through the TEMPP pilot training course. See also the section ‘Specialized Documents’ in the
Supplement 1.

Using ComMIT (MOST model) for tsunami inundation modelling for evacuation mapping:
Summary, Manual, Appendices (abridged requirements, in Spanish), tool ComMIT was
used in the TEMPP1 Pilot training course for inundation modelling to support evacuation
map-making. General information on ComMIT can be found at USA NOAA,
https://nctr.pmel.noaa.gov/ComMIT/

Tsunami Coastal Assessment Tool (TsuCAT) for scenario identification, v4, USA NOAA,
ITIC, 2019, Summary, Manual, tool. Also pertinent to Modules 3 and 4. TsuCAT can be
used to identify worst-case scenarios, and to develop scenarios for tsunami exercises
using the PTWC Enhanced Products as message triggers for national and local tsunami
warning decision-making.

http://itic.ioc-
unesco.org/index.php?option=com_content&view=category&layout=blog&id=2239&Itemi
d=2763

1.10. REFERENCES AND EXAMPLES

The following are references and examples covering both this module summary and the
Supplement.
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http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2239&Itemid=2763
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MODULE 2: DEVELOPING TSUNAMI EVACUATION MAPS

2.1 INTRODUCTION

In the end-to-end tsunami warning chain, once a tsunami forecast is known and a warning issued,
communities must know what to do and where to go when a tsunami is imminent. The ‘what to
do’ will be to evacuate to a safer place, and the ‘where to go’ is answered using a tsunami
evacuation map. The tsunami inundation map is used as a base to produce the tsunami
evacuation map. Evacuation maps, which include evacuation zones, evacuation routing,
assembly areas, and signage are developed by emergency management agencies with the
involvement of the community.

2.2  CONTENT

Step 1: Acquire required information (tsunami inundation and travel time, map or plan of the
community).

Step 2: ldentify Evacuation Zone.

Step 3: ldentify Evacuation Assembly Sites or Areas, and Routes.

Step 4: Engage community to solicit feedback.

Step 5: Finalize Tsunami Evacuation Map and Signage.

Step 6: Obtain Official Approval.
2.3  OBJECTIVES

Participants will:
D) Learn how to use a tsunami inundation map to create an evacuation map
(2) Learn the information to be included on a tsunami evacuation map

3) Understand and use best practices to determine evacuation zones, sites or assembly
areas, routes, and signage

(4) Understand how to engage the local community to develop a community-owned tsunami
evacuation map and response procedures, and enhance tsunami awareness.

24  TARGET PARTICIPANTS

The target audience is:
Local Emergency Managers,
GIS mapping experts,
Tsunami Inundation Map Developer,

Community Representatives (schools, hoteliers, tourism, etc.).

Optional participants are:
Local Authorities Staff,

Emergency Services First Responder Agency Staff,
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Disaster mitigation personnel.
25 REQUIREMENTS
Tsunami inundation map (gives flooding extent) — deliverable of Module 1.
Tsunami wave arrival time (gives time available to evacuate) — deliverable of Module 1.

Geospatial data layers.

GIS software, such as QGIS or ArcGIS (recommended).

2.6 METHODOLOGY

The combination of presentations, plenary, group discussions, and site visits are used, as well as
working through examples and minimal hands-on activities. The total training time commitment is
16 hours, including breaks.

2.7 EXPECTED RESULT

At the end of this module, participants will know how to produce a community tsunami evacuation
map, tsunami sighage and placement approved by local government officials.

2.8 MODULE CONTENT

1N 2 N 3 N 0 5 6
Acquire Identify Identify Evacuation v Engage Finalise Obtain
_ required Evacuation Sites, Assembly AT Evacuation Map Official
|nformat|0n/ Zone N Areas, and Routes Yy and Signage Approval

Figure 5. Steps for Module 2 — Evacuation Mapping

Important Considerations:

Evacuation maps should be simple and easy to read and should include essential information
only. These are:

Evacuation Zone: Areas threatened by tsunami inundation (flooding);

Evacuation Sites or Assembly Areas: Location of designated assembly locations or areas,
and/or vertical evacuation structures, where people should go to in case of an imminent
tsunami inundation;

Recommended evacuation routes to the safe place for people to follow. These are
normally indicated as arrows, or by other significant information such as local landmarks
or past run-up levels, that identify locations.

Key decisions that tsunami emergency response and evacuation planners must make are:

Whether there should be one or more than one evacuation zone. Use of a single tsunami
evacuation zone has the advantage of simplicity for planning and public awareness and
understanding. However, because a single evacuation zone must accommodate the very
wide range of risk scenarios that may exist, this can result in ‘over-evacuation’ of the entire
zone for more regular small-scale events.
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Whether the evacuation map includes distant, regional, local, or all tsunami scenarios.
Local tsunamis would cause extreme nearby inundation, but if they are very infrequent,
then ‘over-evacuation’ may result.

The amount of time before the first tsunami wave arrives, and the amount of time required to
execute an evacuation will form the basis for planning evacuation routes, identification of
appropriate assembly sites, or the use of vertical evacuation, if there is no time for evacuation
inland (e.g. evacuation upstairs in/on buildings or structures).

Evacuation should be on foot wherever possible. Realistically, however, the public will
instinctively drive vehicles during evacuations. Some modes of evacuation may be
permissible if there is time (such as a distant tsunami). Planners should consider this in
deciding on evacuation instructions and guidelines.

To facilitate the development of evacuation maps from inundation maps using evacuation
criteria, it is often desirable to organize and convene a Tsunami Evacuation Mapping Task
Team. As a general rule, communities should be engaged early and often in the
development of evacuation maps, with opportunities provided for the community to lead
local evacuation plans. It will take several meetings with community to obtain input and
‘buy-in’.

The Committee should consider to include:

Provincial/State/local jurisdictions, with support of national/provincial/local government;

Scientists (National, Provincial, Local Geological Survey or equivalent, universities, etc.);
and

Other government and NGO stakeholders, including community representatives.

Lastly, the use of GIS software tools is often extremely helpful in the map-making. In recent
years, GIS tools have been used by researchers and emergency management planners
to quantitatively assess the feasibility and viability of different evacuation scenarios,
including where vertical evacuation structures may be needed (Wood et. al., 2007; Wood
and Schmidtlein, 2013 a, b; Wood et al., 2017)

STEP-BY-STEP INSTRUCTIONS

Step 1. Acquire required information

Tsunami inundation and tsunami travel time map. The inundation data set should
include the expected flooding extent (horizontal) from worst case and credible tsunami
scenario event. The inundation zone is the minimum evacuation zone. The travel time
data set should include the tsunami travel time from potential sources to the coast. These
maps are outputs of the Training Module on Inundation Mapping.

Detailed community map. The community data set should include geospatial information
on the natural and built environment, as well as population demographics. Especially
important is an estimate of the vulnerable population (number and location) to evacuate,
and up-to-date information on road systems, infrastructure and critical facilities, and
houses. It should be possible to interface a detailed community map with the tsunami
inundation map.
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Step 2. Identify Evacuation Zone (Hazard Zone) based on Inundation Map

In case of a tsunami, people should evacuate the designated Evacuation Zone into the Evacuation
Site or Assembly Area. As the key goal is to save lives, the Assembly Site or Area should be the
location(s) that are not likely to be affected, based on the Tsunami Inundation Map.

Safety factors to consider when drawing the evacuation zone line are:

Proximity and location of high ground (hills, cliffs, man-made vertical refuges (berms, tall
buildings, etc);

Safety buffer for potential uncertainties in the inundation map;
Knowledge of flood zones, types of roadways and locations;
Availability of identifiable landmark locations for easier evacuation routing;

Hazardous Materials (HAZMAT) sites and other potential hazards (secured gates or high
fences, lumber yards or harbours with potential floating debris etc.) that could cause
evacuation problems;

Locations of special needs population in evacuation zone (i.e. hospitals, elder care or
nursing facilities, schools, day care centres, non-English speakers, transient populations,
etc.).

Step 3. Identify Assembly Sites (or Areas) and Evacuation Routes

The Tsunami Evacuation Map should can optionally show assembly sites and/or the best routes
(safest, shortest, fastest way) for people to evacuate. Locations of vertical evacuation areas can
also be marked. These locations are used when there is insufficient time to get outside the
evacuation zone. Appropriate tsunami signage to facilitate evacuation should also be identified
and located.

Decide criteria for determining assembly sites and evacuation route. The following are possible
bases for selection of the site:

Site is outside of identified Tsunami Evacuation Zone;

Site can be reached by foot within the shortest possible time. Ease of egress by foot is the
first priority, including for special needs populations;

The total area of site can hold the expected number of people (or certain percentage of
population of the community if several sites are selected);

Site can be easily identified by residents, for example a prominent hill, a school, an open
park among others

Evacuation routes should avoid areas that could suffer damages from strong earthquakes
such as collapsed bridges, buildings, power lines and landslides, which may block routes
and cause hazardous conditions.

Route and site can accommodate special needs populations (portion of the public sector
that is willing, yet incapable of leaving the Evacuating Zone).
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The following are some characteristics of ideal evacuation routes:

Wide streets. Narrow and heavily used routes in densely populated areas should be
avoided to prevent bottlenecks in traffic.

If possible, no bridges.
Away from landslide and liquefaction prone areas.

Limited overhead power lines and similar hazards.

While in the process of designing the map, it is best to walk along routes to the safe evacuation
area or sites to identify hazards and check on ground conditions that may not be obvious on maps.

Step 4. Engage community to solicit feedback

At least one meeting should be held with the community and its leaders to obtain their input. Invite
all stakeholders who have a response, coordination, or special needs requirement (e.g., hospitals,
schools). They may represent local government, transportation, response, NGO, and/or the
private sector.

Engage and explain inundation mapping results and draft evacuation zone, evacuation areas,
assembly sites, refuges, or shelters, evacuation routes, and signage. The community input is
needed to finalize the drawing of the lines, evacuation/areas and routes, and signage.

Field visits to view topographic and built environment conditions may be needed. Evacuation
routes should be walked by the community to confirm ease and timing for successful egress.

Step 5. Finalize Tsunami Evacuation Map and Signage

Finalize Evacuation Map

Finalize map using community inputs from the workshop. The map should be approved by the
appropriate political authority (local, provincial, and/or national).

Map components should be nationally consistent. These include the following:

Colours (zones, streets, routes, signage, symbols, topography if shown),
Legend,
Inclusion of tsunami warning and safety information (awareness),

Inclusion of evacuation information (instructions, guidelines).

The map should be accompanied by simple procedures for the public, such as when to evacuate
(ground shaking, sirens etc.), how to evacuate (walking/vehicles), where to evacuate to (inland,
high ground, vertical), and until when (all clear message). These instructions should be developed
and displayed together with the map and should be validated by the community.

Module 3 covers standalone tsunami awareness materials (including tsunami warning and safety
information, and evacuation information) which need to be developed to provide information to
the public on what a tsunami is, how to recognize a potentially dangerous tsunami, and what to
do. They must know how to prepare their family and when, how, and where to evacuate safely.
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Finalize Tsunami Signage

Finalize types of signage to be used, and locations to install the signage.

Signage is an integral part of practical tsunami risk management. Signage depicting evacuation
zones and routes raises public awareness of local tsunami risk and provides information to
increase the efficiency and effectiveness of an evacuation. Signage should be nationally
consistent; some ISO tsunami (water safety) signage is available. Well-placed evacuation signage
is often the critical factor enabling successful evacuation in an actual event.
Types of sighage are (*highest priority):

Information Board. Content examples are:

o] Evacuation Map, Instructions and guidelines,

o Tsunami characteristics,
o] Tsunami warning process,
o]

Previous Tsunami Event — local history and images.
Evacuation Zone (Hazard Zone) *
Evacuation Route *
Evacuation Site (Assembly Area, vertical evacuation building) *
Previous Tsunami Event — Wave height marker.

Signage will need to comply with national road signage standards (size, shape, colour, font, etc.)
when they are placed along roads or highways.

Step 6. Obtain Official Approval

Evacuation maps are public safety products that should be approved by the appropriate local
governing authority. The type and placement of signage should also be approved by the
appropriate authority.

29 SPECIALIZED DOCUMENTS

The following are guidance and tools that were identified for use or newly created for this guide
through the TEMPP pilot training course. These are found as Annexes of the Supplement
Specialized Documents.

How to Create Evacuation Maps from Inundation Maps — from ComMIT to QGIS (manual,
tutorial). This manual describes the export of ComMIT results into the open-source QGIS
software to digitally create tsunami evacuation maps using standard formats, color
palettes, and symbology.

Town-Watching Tsunami Evacuation Checklist (example). This example provides a
template for ground-truthing tsunami evacuation maps through community engagement
and actual tsunami evacuation route walking
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MODULE 3: DEVELOPING TSUNAMI RESPONSE PLANS
AND STANDARD OPERATING PROCEDURES

3.1 INTRODUCTION

Emergency Management must plan in advance for tsunami response. Not only must they have a
process for receiving official warnings and make appropriate decisions in response to them, they
must also understand the challenges and procedures that will apply during evacuations, as well
as with regards to the loss of critical infrastructure. Closely associated is public awareness to
ensure the public understands where official warnings will come from, when they can expect them
(and when not, for example during a local source earthquake), how to evacuate and where their
assembly areas are, and when it will be safe to return.

The Tsunami Response Plan covers the arrangements for warnings and evacuations, and public
awareness on these arrangements. It must align with higher level, generic all-hazards emergency
management plans.

This module will focus on the development of tsunami response plans with a specific focus on
evacuation planning, based on the evacuation maps developed in Module 2.

Note: This Module can be combined with Module 4 (Evacuation Exercising) if preferred.
3.2 CONTENT

Step 1: Acquire required information,

Step 2: Develop Response Plan,

Step 3: Develop Standard Operating Procedures (SOPs),
Step 4: Develop Public Awareness.

3.3 OBJECTIVES

Participants will:
Understand the components and content of a tsunami response plan.
Be able to develop a tsunami response plan.

Be able to develop Standard Operating Procedures (SOPs) in relation to tsunami warning
and evacuations.

Understand what the public should know about tsunami warnings and evacuations and
methods to convey this information.

3.4 TARGET PARTICIPANTS

The target audience is:
Local and Regional Emergency Managers,
Emergency Services,
Local Authorities staff,

NTWC representative(s).
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Optional participants are:
Critical infrastructure representatives,
Representatives from local businesses and hotels,
Representatives of civil society, NGO'’s, vulnerable community groups,
Representatives of government agencies,

Local community leaders.

3.5 REQUIREMENTS

Evacuation map(s) - deliverable of Module 2.

Mandate for a Tsunami Response Plan from the Local Government.
3.6 METHODOLOGY
A combination of presentations, plenary and group discussions are used, as well as working
through examples and hands-on activities. The total training time commitment is 16 hours
(including breaks).

3.7 EXPECTED RESULT

At the end of this module, participants will be able to produce a tsunami response plan and be
aware of public awareness needs.

3.8 MODULE CONTENT

Acquire requirec Rl?egvilgge »  Develop Standard D::E:ic::p
information PFI)an Operating Procedures Awareness

Figure 6. Steps for Module 3 — Response Planning

Step 1: Acquire required information

The following information is required to support the development of a Tsunami Response Plan
and Standard Operating Procedures (SOPs):

The end-to-end tsunami warning process: The Tsunami Response Plan must state the
end-to end warning process, and how information is communicated between the
respective stakeholders. Stakeholders include: Regional Tsunami Service Providers
(TSPs), NTWCs, National, Regional & Local Emergency Management, Critical
Infrastructure and the Public. Subsequent planning and procedures must be based on this
information.

Roles and responsibilities: The roles and responsibilities of each stakeholder in the end-
to-end warning process must be agreed as part of Policy development. The Tsunami
Response Plan must re-confirm these. Specifically, the Plan must identify who monitors
TSP information, who assess this information to determine local threat, and who initiates
and disseminates warnings at the respective levels (national, regional and local).
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Evacuation triggers: The trigger for commencing an evacuation process at the local level
by emergency managers may be the receipt of a tsunami warning (from the NTWC or
National Emergency Management Agency). For the public in exposed areas the trigger
may be the activation of public alerting mechanisms. Alternatively, the trigger for the public
could be the natural warning itself (feeling a strong earthquake) or observing an abrupt
change of sea level.

Emergency managers should therefore keep in mind that the planning required for local,
regional and distant source tsunamis will differ. A distant source tsunami will allow several
hours to evacuate, while a regional source tsunami will allow much less and local source
tsunami may not allow a timely official instruction. The amount of time required to execute
an evacuation should therefore be analysed and factored into the planning for the
respective scenarios.

Evacuation zones concept: A key consideration for tsunami emergency response planning
is the number of evacuation zones used for evacuation management and shown on
evacuation maps. While the concept is established as part of the development of
evacuation maps (Module 2), the Tsunami Response Plan must base its planning on them.

It is also important to remember that where more than one zone is used, people should
evacuate all the zones in “natural” warnings. In official warnings, people are expected to
evacuate the zone(s) stated in the warning message.

Vulnerability profile: Emergency managers must have a good understanding of the
demographic and geographic realities inside the evacuation zones to properly plan for
evacuations. Census data can assist with this; more specifically it is important to identify
the critical community and sensitive infrastructure vulnerabilities.

Step 2: Develop Response Plan

Establish the writing team: The local Emergency Management Agency must lead the
planning process but will require representation of all the key stakeholders to contribute
to, and share ownership of the Plan. Key stakeholders include the Emergency Services,
relevant government agencies, critical infrastructure, and selected NGOs and members of
civil society.

Format and Design: A response plan is effective when emergency managers understand
it, are comfortable with it, and are easily able to locate the information they need from it.
The following points are things to keep in mind when designing a response plan:

o] Organization: The document must be structured so that it is easy for users to find
relevant information. Separate subdivisions will support this, while it also enables
revisions of particular sections without the requirement to re-publish the entire plan.

o] Progression: The document needs to have a logical sequence and avoid needless
duplication. It should be written such that the user can grasp the sequence and easily
locate the information that is needed.

o] Consistency: Terms and concepts must be used consistently throughout the
document so that users do not have to re-orient themselves at different sections.

o] Adaptability: Plans are developed based on the anticipated consequences of an
event, supported by experience of previous events. However, the consequences of
no future events cannot be anticipated with 100% certainty, and threat assessments
may change during an event. Emergency managers must therefore be ready to
adapt as appropriate.
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Compatibility: The plan must recognise and align with other plans (including those
of other agencies) so that it will not hinder coordination among the respective
stakeholders.

Tsunami Response Plan Template. The following template is suggested:

Plan Status (date last reviewed, signed by Chairman of Emergency Committee or similar)

Introduction (purpose of the plan).

National arrangements:

(0]

(0]

(0]

Emergency Management structure (national, regional, local);

Arrangements for tsunami warning (end-to-end process; roles & responsibilities;
natural warnings)

Tsunami warning levels.

Local arrangements:

(0]
(0]

O O O O

Municipality Characteristics (i.e. location, evacuation area demographics, map);

Vulnerability assessment (inside evacuation area — special needs groups, critical
infrastructure, geographical challenges);

Local public alerting arrangement (mechanisms used, where they are and who
manage them);

Evacuation map(s);
Evacuation routes;
Evacuation signage (types used, meaning, placement);

Local tsunami warning and evacuation thresholds & activation.

Public awareness (see Step 3 below):

(0]

O O O O O

Public evacuation map displays and placement (must contain evacuation zones,
routes & safe areas);

Tsunami warning arrangements education;

Identification of key social and community organizations;

Schools, aged care facilities & hospital preparedness in evacuation areas;
Community exercises and drills;

Preparedness recognition programs.

Annexes

(0]

o
o
o

Flowcharts (i.e. chain of actions according to warning level);
Letter from the Mayor authorizing the activation of the Response Plan;
Letter from the Mayor approving the Evacuation Map(s);

Agreements (e.g. Radio station, radio amateur group, private places of assembly).
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Receive Tsunami Warning from NTWC

Assess threat for local areas

No
Threat

Decide evacuations Issue ‘No Threat'
statement

Activate evacuation

plan
Issue public alert

Issue public alert
Activate media

Activate media arrangement
arrangement

Receive cancellation from NTWC

Re-assess threat for local areas
Decide “All clear”

Figure 7. Simplified flow chart for tsunami response
(Source: Plans and procedures for tsunami warning and emergency management,
IOC Manuals and Guides 76 rev., 2017, I0C/2017/MG/76 REV.).
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Once the Tsunami Response Plan is developed and approved, more detailed procedures must
be developed for specific activities in the Plan. These may include:

Tsunami Warning Standard Operating Procedures:

o] Duty arrangements, responsibilities, target times,

Key warning points (i.e. call trees, contact numbers),

o]
o] Warning mechanisms & processes,
o]

Contact lists maintenance.

Tsunami Evacuation Standard Operating Procedures:

o] Types and Phases of evacuations,
o Decision to evacuate- thresholds, timing, auto-evacuation,
o] Evacuation routes and assembly areas (per sector or neighbourhood),
o] Call trees and contact lists,
o] Management of evacuations: Transportation, movement control, cordons, security,
o] Return.
TSP Wave NTWC  Alert | Emergency
Notification Sl forecast Sl Level Response Action
<3hrs | WARNING Evacuate xxx
zones
3-6 Prepare to
>21m hrs AT evacuate
Monitor for
>6 hrs | INFORMATION | subsequent
forecasts
Magnitude: Evacuate beaches
Tsunami Threat | >7.0 <3 hrs | ADVISORY
. and harbours
Message Depth:
<100km 03to1m|>"% |waTcH Prepare to
hrs evacuate
Monitor for
>6 hrs | INFORMATION | subsequent
forecasts
Monitor for
<0.3m - INFORMATION | subsequent
forecasts

Table 6. Example of a thresholds table showing alert level and emergency action
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Emergency Operations Centre (EOC) Procedures:
o Activation,
o] Agencies/stakeholders required,

o] Role assignments (Operations, Intelligence, Planning, Logistics, Relief, Public
Information),

o] Collection and consolidation of information products and displays,
o] Coordination of action plans,

o] Coordination of public information.

Receive Warning from NTWC

Duty
manager
decides
level of

activation

Send out Activation Yellow | —>{ Send out Activation Orange

Staff to call EOC after
Staff to be called as 30 minutes to check
required on requirement

Activate relevant TER Plans

Figure 8. Example of flow chart for the activation of an EOC
(Source: 10C Muals and Guides 76 rev., 2017)
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Step 4: Develop Public Awareness

The following are important considerations in developing awareness material and campaigns:

3.9

Local or traditional knowledge: This can be a powerful tool to support scientific knowledge
in community preparedness. Although it may be the most effective means in a more
traditional or remote community, in general, local traditional knowledge alone will not be
enough to ensure an effective response. Additional information on warning systems and
evacuation and return arrangements is required.

Community needs: To be effective, awareness activities and material should be tailored
to the country or area-specific community needs. Factors such as geography,
demographics, language, cultural, religious and social orientations should influence the
awareness approach. They will present both strengths and opportunities.

Coordination and collaboration: Working together among the different agencies involved
is essential. Involvement and commitment by all stakeholders will support sustainability.

Public policy: A formal tsunami education and awareness programme that is able to
sustain itself over political cycles and generations can be highly effective, and may be the
only feasible (funded) mitigation for localities where the occurrence of tsunamis is
infrequent.

A multi-faceted approach: The awareness programme should target a variety of formal
and informal education, and awareness-building and preparedness activities such as
exercises or drills

Content: Campaigns and material should anticipate and answer the obvious questions of
the target audience simply and clearly. It must include:

o] Basic information about the tsunami hazards, with specific reference to the country
or area. This is best supported by information on historical tsunami events and their
impacts, including local and/or traditional knowledge of past events. In the absence
of this, tsunami modelling results will be key.

o] The country’s tsunami warning system — where will warnings come from, how and
when will they be communicated and what information will they contain (and not
contain).

o Tsunami evacuation arrangements —what the evacuation zones and routes are, how
the instruction to evacuate will be issued, what to take, where the assembly sites
are, and where to listen or look for the all-clear.

o] Understanding natural warning signs and how to respond to them (self-evacuations).

o] Tsunami safety rules (for people on land, in the water and in small boats).

SPECIALIZED DOCUMENTS

The following are guidance and tools that were identified for use or newly created for this guide
through the TEMPP pilot training course. These are found as Annexes of the Supplement
Specialized Documents.
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How to Create Community Tsunami Response Plans (example of response plan,
template)

Awareness Materials —Warning and Evacuation information, Family Plan card (examples).
Also pertinent to Module 4.

3.10 REFERENCES AND EXAMPLES

The following are references and examples covering both this module summary and the
Supplement to Programme Modules.

Guidance

Japan Fire and Disaster Management Agency (FDMA). 2013. Guideline for the Municipality to
Make Tsunami Evacuation Plan (Chapter 2). Civil Protection and Disaster Management
Department’.

Japan Fire and Disaster Management Agency (FDMA). 2013. Tsunami Evacuation Planning
Manual for each Region (Chapter 3), Report from Study Group for Promoting Guidelines for
Tsunami Evacuation Countermeasures. Civil Protection and Disaster Management Department®.

Pacific Tsunami Museum. 2012. Tsunami Evacuation Guidelines for Schools in Hawaii, Hawaii
Tsunami Education Curriculum Program, August 2012, 12 pp.

Scheer, S. et al. 2011. Handbook of Tsunami Evacuation Planning, Scenarios for Hazard-induced
Emergencies Management, Project n° 030963, Specific Targeted Research Project, Space
Priority (ISBN 978-92-79-19086-5, doi: 10.2788/34292)

Spahn, H. et al. 2010. Planning for Tsunami Evacuations, A Guidebook for Local Authorities and
other Stakeholders in Indonesian Communities, GTZ IS-GITEWS, 88 pp.

UNESCO/IOC. 2017. Plans and Procedures for Tsunami Warning and Emergency Management.
Paris, UNESCO, I0C Manuals and Guides No. 76. (I10C/2017/MG/76 REV.)

USA, California Office of Emergency Services. 1998. Local Planning Guidance on Tsunami
Response, 2" Edition, A Supplement to the Emergency Planning Guidance for Local
Governments. 206 pp. (Accessed 22 March 2019)

USA, Oregon Tsunami Working Group. 2012. Local Planning Guidance on Distant Tsunami
Response. 77 pp. Available at:
https://www.oregongeology.org/tsuclearinghouse/resources/pdfs/2013-01-

14 Guidance_for_Distant%20Tsunami_Response_FINAL.pdf (Accessed 22 March 2019)

7 This document, translated with permission from the FDMA, represents a best practice example on how to
make practical and reliable tsunami evacuation maps and plans. The practice focuses on the importance
of community input as the most effective way in which to build awareness and response capability in
residents who may have to act immediately to save their lives from tsunami.

8 Same than above.


http://unesdoc.unesco.org/images/0025/002565/256552E.pdf
https://www.oregongeology.org/tsuclearinghouse/resources/pdfs/2013-01-14_Guidance_for_Distant%20Tsunami_Response_FINAL.pdf
https://www.oregongeology.org/tsuclearinghouse/resources/pdfs/2013-01-14_Guidance_for_Distant%20Tsunami_Response_FINAL.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000256552_eng
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Examples
New Zealand
Ministry of Civil Defence & Emergency Management. 2018. National Tsunami Advisory

and Warning Plan, Supporting Plan [SP 01/18]. New Zealand. Available at:
https://www.civildefence.govt.nz/assets/Uploads/publications/Tsunami-Advisory-and-

Warni

ng-Plan-Supporting-Plan-Update-OCT-2018.pdf (Accessed 22 March 2019)

Selwyn District Council. 2006. Tsunami Response Plan, Civil Defence, Selwyn District
Emergency Management, 37 pp. Available at: https://www.selwyn.govt.nz/services/civil-
defence-And-emergency-management/natural-disasters/tsunami (Accessed 22 March

2019)

Samoa

Government of Samoa. 2006. National Tsunami Plan.

Standard Operating Procedure: Activating and Maintaining the Emergency Siren
Network, 2014.

Savaia Village Disaster Response Plan, 2009, 2017.

United States of America (USA)

State
o

State
o

(0]

State
o

of California

City and County of San Francisco. 2008. Tsunami Response Annex, Emergency
Response Plan, An element of the City and County of San Francisco Emergency
Management Program, 44 pp.

City of Manhattan Beach. 2014. Emergency Response Plan for Tsunami
Operations, Emergency Preparedness Division, 29 pp.

Ventura County, CA Operational Area Tsunami Evacuation Plan, 2011 (draft), 28
pp.

of Hawaii

Emergency Alert System (EAS) Plan, 2003.

Hawaii Emergency Management Agency, Distant Advisory/Watch/Warning
Checklist, 2016.

Hawaii Emergency Management Agency, Local Tsunami Response Checklist,
2016.

City & County of Honolulu, Emergency Operations Plan, Tsunami Standard
Operating Guidelines, 2014; Annex T-Appendix 2, Tsunami Evacuation &
Sheltering, 2007.

of Oregon
Distant Tsunami Procedures, Lincoln County School District, 2014, 2016.


https://www.civildefence.govt.nz/assets/Uploads/publications/Tsunami-Advisory-and-Warning-Plan-Supporting-Plan-Update-OCT-2018.pdf
https://www.civildefence.govt.nz/assets/Uploads/publications/Tsunami-Advisory-and-Warning-Plan-Supporting-Plan-Update-OCT-2018.pdf
https://www.selwyn.govt.nz/services/civil-defence-And-emergency-management/natural-disasters/tsunami
https://www.selwyn.govt.nz/services/civil-defence-And-emergency-management/natural-disasters/tsunami
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MODULE 4: TSUNAMI EXERCISING

4.1 INTRODUCTION

Tsunami evacuation exercises bring planning to practice. They serve two main purposes:

To test the effectiveness of, and identify improvements to be made in regards to tsunami
warnings and evacuation maps, plans and procedures.

To promote public awareness and preparedness.

Exercises can be carried out by a single stakeholder in the end-to-end tsunami warning chain, or
by several stakeholders exercising together. They can be simple (i.e. a discussion or a drill), or
complex (i.e. an operational exercise over several days). In all instances the post exercise
process is equally important as the exercise itself in order to register lessons identified and
corrective actions to implement.

This module will focus on exercises specifically in relation to tsunami evacuation, their
development and conduct, and the post exercise process.

4.2 CONTENT

Step 1:  Acquire required information.
Step 2: Plan exercise.

Step 3: Conduct exercise.

Step 4: Evaluate exercise.

Step 5:  Implement recommendations.
4.3  OBJECTIVES

Participants will:
Understand the types of evacuation exercises,
Know how to plan for the respective types of exercises,

Understand the post-exercise process.
4.4  TARGET PARTICIPANTS

The target audience are:
Local and Regional Emergency Managers,
Emergency Services,
Local Community leaders,
Critical infrastructure representatives.
Optional participants are:

Representatives of civil society, NGO’s, vulnerable community groups, business, tourism
industry,
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Representatives of government agencies,
Media.
4.5 REQUIREMENTS

Evacuation Maps: deliverables of Module 2.

Tsunami Response Plan: deliverables of Module 3.

Warning & Evacuation SOPs: deliverables of Module 3.
46  METHODOLOGY
A combination of presentations, plenary and group discussions are used, as well as working
through examples and hands-on activities. The total training time commitment is 16 hours
(including breaks).

4.7 EXPECTED RESULT

At the end of this module, participants will be able to conduct tsunami evacuation exercises at
community level.

4.8 MODULE CONTENT

N\ N

1 2 3 4 5

Acquire required Plan * Conduct Evaluate Implement
information exercise exercise exercise recommendations

Figure 9. Steps for Module 4 — Tsunami Exercising

Step 1: Acquire required information

Analyse the need: All exercises emerge from an identified need. A needs assessment
identifies whether an exercise activity is required. The needs assessment is informed by
reviewing existing plans and SOPs (were there changes, are there areas of concern?),
past exercises (when were the Plan and SOPs last exercised, who participated and what
were the findings?), and available resources.

Establish the aim, objectives, and scope of the exercise:

o] The aim is a broad statement of intent. It provides the direction for what is to be
achieved by the exercise.

o] The objectives must be in line with the aim but they are more specific and
performance based. They therefore state what elements of the response will be
exercised and according to what standards. Objectives should be ‘SMART’
(Specific, Measurable, Achievable, Realistic, Task oriented or Time driven). They
form the basis for the exercise design and delivery.

o] The scope determines the boundaries of the exercise (geographical area and
processes it will cover), when and where it will be held, and who will participate.
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Determine the exercise type best suited to deliver the aim and objectives: There are five

types or levels of exercising; the level of planning and resourcing required for each
increase exponentially:

(0]

(0]

Type 1: Orientation Workshop: An Orientation Workshop provides an overview of
policies, plans, and procedures. They are useful to orientate new staff and/or
leadership, agencies, NGOs etc. and are a good starting point for jurisdictions that
are developing or making major changes to their plans and procedures.

Type 2: Drill: Drills involve the testing of a specific operation or function in a single
agency, facility, or organization such as a hotel, school, village, etc. Drills are used
to test the response time with regards to a specific activity, train personnel, assess
the capabilities of equipment, assess the cooperation between agencies, and
determine whether the capabilities of the resources and personnel staffing is
sufficient. They also serve as a useful public awareness activity, for example a
tsunami ‘WalkOut'. This type of drill stresses simplicity and fun, and is suitable for
both coastal residents and visitors.

1 ALARM PHASE:

2 REACTION:

>
i 3 EVACUATION PHASE:

g Y
h
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4 ASSEMBLY PHASE:

5 HEADCOUNT PHASE:

6 DRILL TERMINATION:

7 POST-DRILL EVALUATION:

!

Image 1. Phases of a tsunami drill.
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o] Type 3: Tabletop Exercise: A Tabletop exercise involves key staff members of
stakeholder agencies and/or organizations working jointly through a scenario in a
slow paced, discussion format. Tabletop exercises are used to assess plans and
procedures, and to consider specific problems or issues introduced to the scenario.
Discussions may also be in small-group format and feedback given to the larger
group for conclusion of outcomes and decisions. An exercise facilitator is required.

o] Type 4: Functional Exercise: Functional exercises are designed to test and evaluate
capacities and/or activities and coordination against the real time simulation of a
specific period of a response. ‘Exercise injects’ are released into the exercise
accordance by an exercise control function in the form of tsunami warning products,
consequence information, media enquiries etc. in accordance to a time-driven
‘Master Schedule of Events’ list. Functional exercises may or may not include public
evacuations.

o] Type 5: Full-Scale Exercise: A Full-scale exercise is used to test and evaluate the
culmination of a programme of work involving multiple stakeholders and layers of
government (national, provincial, local). It involves actual field mobilization and
deployment of response personnel, activation of command and coordination centres
and usually includes all aspects of emergency response.

Obtain a mandate and commitment: A mandate for the exercise must be given by the
Local Government (or the highest relevant principal) - by signing off on the exercise aim,
objectives and scope. This ensures budget, resourcing, time and participation is
appropriately committed towards the exercise.

Step 2: Plan exercise

Establish the Exercise Task Team: The Exercise Task Team is responsible for the
successful execution of all aspects of the exercise, including exercise planning,
implementation, and evaluation. They will develop the exercise narrative, Master Schedule
of Events List, and the exercise injects. Technical specialists and subject matter experts
must be involved to help provide realistic information to the scenario and injects. The Task
Team uses the exercise aim and objectives to determine the evaluation criteria and
evaluation tools for the exercise, and will also develop appropriate promotion and media
strategies prior to the exercise. Afterward, the Task Team is responsible for collating the
post-exercise evaluations and writing the Summary Report. The Team must have
representatives from the key participating agencies but should be kept to a manageable
size.

Establish the scenario: The scenario is a narrative that describes the event to which the
participants should respond. Tsunami technical specialists are required to develop a
scenario that will facilitate realisation of the exercise objectives. Once developed, the
scenario must only be known to the Exercise Task Team and not to the participants.

Develop the exercise documents: Documents include the exercise announcement, the
Exercise Manual or General Instruction, the Master Schedule, injects and promotion. The
NTWC will make the corresponding simulated messages.

Develop the evaluation plan: The evaluation plan will determine the evaluation method
that will be applied. This may be in the form of internal and/or combined debriefs, or the
appointment of exercise evaluators, or both. If exercise evaluators are appointed, they
must be provided with consistent instructions and tools to conduct the evaluation. Tools
may include forms with specific questions and reference materials.
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Step 3: Conduct exercise

The Exercise Control Function is responsible for the conduct of the exercise. They enforce the
exercise rules and boundaries, disseminate exercise injects, fill gaps (i.e. simulating agencies or
elements that are not represented), are available for clarifications, control the pace of the
exercise, and starting and stopping the exercise.

The exercise must start with a briefing to all participants to ensure they are aware of timings,
exercise boundaries (scope), locations, expected outcomes, exercise control arrangements,
evaluation arrangements, safety and exercise logistics.

Step 4: Evaluate exercise

Post exercise debriefs are used to afford participants the opportunity to offer a critical review of
the exercise by noting (in their opinions) the areas that went well, and those areas where issues
were experienced. These are collated to identify the recommendations for improvements. If post
debriefs are held by each participating agency it is preferable that a combined debrief also be
held to share and collate all the observations.

If exercise evaluators were appointed their individual evaluation forms and/or reports must be
collected and collated.

While all individual debriefs and evaluation reports must be filed, they are collectively used to
determine the evaluation that will be represented in the Exercise Report.

A suggested format for the Exercise Report is:

1. Aim, objectives and scope of the exercise,

2. The scenario,

3. Summary of the exercise (format, where, when, timeline, participating agencies),
4, Exercise evaluation (against the objectives),

5. Recommendations.

Step 5: Implement recommendations

The final exercise report must be accepted/adopted by the Local Government and its
recommendations must be followed up. The corrective actions identified in the report must be
assigned to appropriate managers for implementation and report-back to the Sponsor(s) against
agreed timelines for each action. Coordination and oversight of the implementation of the
corrective actions might also be assigned to the Exercise Task Team.

4.9 SPECIALIZED DOCUMENTS

The following are guidance and tools that were identified for use or newly created for this guide
through the TEMPP pilot training course. These are found as Annexes of the Supplement
Specialized Documents.

Awareness Materials - Warning and Evacuation information, Family Plan card (examples)
Also pertinent to Module 3.
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How to Create Community Tsunami Exercises (example of exercise plan and evaluation
forms, template).

How to conduct Tsunami Drill flyer (example).
4.10 REFERENCES AND EXAMPLES

The following are references and examples covering both this module summary and the
Supplement to Programme Modules.

Guidance

New Zealand Ministry of Civil Defence & Emergency Management. 2009. CDEM Exercises,
Director’s Guidelines for Civil Defence Emergency Management (CDEM) Groups [DGL 10/09].
New Zealand (ISBN: 978-0-478-25490-7).

Oregon Office of Emergency Management. 2017. Tsunami Evacuation Drill Guidebook: How to
Plan a Community-Wide Tsunami Evacuation Drill, 41 pp
(https://lwww.oregongeology.org/tsuclearinghouse/resources/pdfs/OEM_Tsunami_Evacuation_D
rill_Guidebook_FINAL_12-19-2017.pdf (Accessed 12 November 2019).

Philippine Institute for Volcanology and Seismology (PHIVOLCS). 2012. How to Conduct a
Tsunami Drill.

Rahayu, Harkunti P, Wahdiny, Il, Mariany, A. 2008. Guideline Tsunami Drill Implementation for
City and Regency. Indonesia, 159 pp.

Spahn, H. et al. 2010. Planning for Tsunami Evacuations, A Guidebook for Local Authorities and
other Stakeholders in Indonesian Communities, GTZ IS-GITEWS, 88 pp.

UNESCO/IOC IOTIC. 2015. Module on Tsunami Exercises, 98 pp.

UNESCO/IOC IOTIC and Myanmar Department of Meteorology and Hydrology of Ministry of
Transport, and Relief and Resettlement Department of Ministry of Social Welfare, Relief and
Resettlement. 2015. Guidebook, How to Plan, Prepare for, Conduct and Evaluate national and
local Tsunami Exercises to improve Tsunami Preparedness in Myanmar, 84 pp.

UNESCO/IOC IOTIC and Timor Leste National Disaster Management Directorate of the Ministry
for Social Security. 2015. Guidebook, How to Plan, Prepare for, Conduct and Evaluate national
and local Tsunami Exercises to improve Tsunami Preparedness in Timor Leste, 74 pp.

UNESCO/IOC. 2013. How to Plan, Conduct and Evaluate UNESCO/IOC Tsunami Wave
Exercises. Paris, UNESCO, IOC Manuals and Guides No. 58 rev. (English, Spanish).
(I0C/2012/MG/58 REV.)

UNESCO/IOC. Tsunami Wave Exercises, Manuals and Summary Reports:

Caribbean and Adjacent Region: Exercise Caribe Wave/Lantex (2011, 2013, 2014,
2015, 2016, 2017, 2018, 2019),

Indian Ocean: Exercise IOWave (since 2009, 2011, 2014, 2016, 2018),
North Atlantic and Mediterranean: Exercise NEAMWAVE (2012, 2014, 2017),


https://www.oregongeology.org/tsuclearinghouse/resources/pdfs/OEM_Tsunami_Evacuation_Drill_Guidebook_FINAL_12-19-2017.pdf
https://www.oregongeology.org/tsuclearinghouse/resources/pdfs/OEM_Tsunami_Evacuation_Drill_Guidebook_FINAL_12-19-2017.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000218967.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000190556.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000218367.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000225992.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000231360.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000244083.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000246994.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000260761.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000366306.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000183996.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000222991.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000263704.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000247465.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000264267.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000218990.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000230172.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000259196.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000218967_eng
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Pacific Ocean: Exercise PACWAVE (2006, 2008, 2011, 2013, 2015, 2016, 2017, 2018).

UNESCO/IOC. 2017. Methodological guidelines: How to prepare, conduct and evaluate a
community-based tsunami response exercise (draft). English, Spanish, French. (http://www.ioc-
tsunami.org/index.php?option=com_oe&task=viewDocumentRecord&docID=19139,er
(Accessed 12 November 2019)

Examples
Chile (Accessed 22 March 2019)

Exercises: http://www.onemi.cl/simulacros/
India (national and local example)
IOWAVE16, National Tsunami Exercise Plan, 2016.
Odissa, Indonesia Community Drill Exercise Plan, 2016.
United States of America (local example)

Oregon, Tsunami Drill Post-Exercise Report, Taft and Cutler City, Lincoln City, 31 May
2006.

Hawaii, Kekaha Elementary School Tsunami Drill, 7 March 2008.


https://unesdoc.unesco.org/ark:/48223/pf0000162914.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000162845.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000211498.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000220531.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000231585.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000247468.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000246831.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000262741.locale=en
http://www.ioc-tsunami.org/index.php?option=com_oe&task=viewDocumentRecord&docID=19139,er
http://www.ioc-tsunami.org/index.php?option=com_oe&task=viewDocumentRecord&docID=19139,er
http://www.onemi.cl/simulacros/
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TSUNAMI EVACUATION MAPS,
PLANS, AND PROCEDURES (TEMPP) PILOT

The Tsunami Evacuation Maps, Plans, and Procedures (TEMPP) training course covered the
standard process for the production of reliable and practical community-level tsunami
evacuation maps. The course was developed in collaboration the US NOAA, New Zealand
and the IOC, with funding support from USAID/OFDA, US NOAA and IOC, from 2015 to 2017.
A Course Development Team assisted in identifying best practices worldwide and provided
input to the Pilot Course.

The Pilot Course was conducted in Honduras using the communities of Cedefio (Pacific coast)
and Sambo Creek (Caribbean coast). While the ITIC and partners led the effort, significant
commitments from Honduras as the beneficiary country were required for the Pilot. The Pilot
was structured to enable the relevant national agencies to work at the local level with
communities and authorities in the development of tsunami evacuation plans, maps, and
procedures. At the Pilot's completion, the host country should have received sufficient training
to replicate the community evacuation map process in other tsunami-prone communities.

Targeted trainees are Tsunami National Contacts, National Tsunami Warning Centres and
Tsunami Warning Focal Points, disaster management and other governmental institutions
staff (local and national) and civil society organization leaders. Tsunami modelling training
targets physical scientists and oceanographers in governmental institutions and universities.
The direct outcomes for the trained country include:

Communities that know what to do and where to go, and

Country capability and tools to replicate the community evacuation map process
elsewhere

For each Honduras training, one representative for the other Central American Countries
(Guatemala, El Salvador, Nicaragua, Costa Rica, and Panama), and Mexico was also invited
to participate in order to learn the process so that they might replicate it in their own country.
The typical class size was 15-20 persons.

1. TEMPP PROJECT TIMELINE

Overall Timeline Planned dates Project Responsibility
New Course and Pilot 2015 - 2017 ITIC
IOC Circular letter to select 11 May 2015 ITIC, PTWS WG 3, USAID,
host IOC, CTWP
Countries submit 11-22 May 2015 Central America - Pacific Coast
guestionnaire to host Countries
Host country selected Week May 25, 2015 Pilot Selection Committee
Course Development Throughout Course Development Team

27 April 2015 (Honolulu)
22-25 June 2015 (Honolulu)
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Overall Timeline

Planned dates

Project Responsibility

11-14 April 2016 (Honolulu)

Email-Google Hangout

Course Guidance

Throughout
23 February 2016 (Paris)
28 June 2016 (Honolulu)

22 February 2017 (Paris, TOWS
WG Inter-ICG TT DMP)

Email

PTWS Task Team on
Evacuation Planning and
Mapping

Pilot Summary Report Course
Manual

September 2017
November 2017

ITIC
ITIC and Course Dev Team

IOC Guideline — Tsunami
Evacuation Maps, Plans, and
Procedures

2019

ITIC and Course Dev Team

Table A—1. TEMPP project timeline

2. TEMPP PILOT COURSE — TRAINING WORKSHOPS

The Course consisted of a series of five linked training workshops that took one Honduran
community (Cedefio, Pacific coast) through the process of creating community-owned
evacuation maps, plans, and procedures. A second community (Sambo Creek, Caribbean
coast) was examined, but tsunami evacuation mapping was not done due to the lack of
adequate bathymetry for inundation mapping.

The Training Workshop topics were:

Tsunami Inundation Modelling,

Earthquake Tsunami Scenarios and Tsunami Inundation Map Development,

Evacuation Map Development,

Tsunami Warning & Emergency Response Planning and Standard Operating

Procedures (SOPs), and

Tsunami Exercising.

The Course covered cases where modelling was and was not possible, demonstrated the
application of different levels of tsunami modelling to construct inundation maps, worked
through the process of creating a community-owned evacuation map, with appropriate routing,
safe area assembly, signage, and tsunami response and evacuation plan, and finally, used
an exercise to test emergency response operational readiness of communities.
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3. SUMMARY OF TRAINING WORKSHOPS

For each training, participants were given pre-training and post-training ‘homework.” During
each 1-week training, participants engaged in hands-on learning activities that utilized their
pre-training homework. Agenda, presentations, references, and working documents for each
training are available for download from the IOC. Following each training, participants were
expected to complete what they had started — the next training would use that product, and
so on. Between the workshops, remote meetings were also held.

Workshop/Training

Dates

Purpose

Outcome / Post-Training
homework

TEMPP 1:

Tsunami Inundation
Modeling —
ComMIT/MOST tool

27-31 July 2015

Inundation modeling
training — How to use
ComMIT tool with MOST
model

Able to use ComMIT
Homework: run scenarios

Post-TEMPP 1: 19 October Review of TEMPP 1 Participants understand
ComMIT Homework 2015 homework exercises (create | how to use ComMIT
review high- and low-resolution

Teleconf models and run up to 24

scenarios)

Post-TEMPP 1. 3 Nov 2015 Progress report and Honduras prepared to use
ComMIT Homework troubleshooting with Pilot ComMIT for inundation
review Webinar country. mapping

TEMPP 2:

Seismic Tsunami
Sources for Honduras
Meeting

29 Feb—1 March
2016

Identify and agree on
credible worst-case tsunami
scenarios to use for
inundation mapping

Honduras inundation
mapping scenarios list

TEMPP 2:
Inundation Mapping for
Evacuation — process

2-3 March 2016

How to create Inundation
Map as ensemble of
inundation scenarios; How
to output results in GIS
format

Inundation Map for
evacuation mapping (GIS
results layers)

Pre-TEMPP 3:
Preparation of
Evacuation Maps

2 August 2017

Webinar

Data needs and other
needs to be able to create
evacuation maps

Requirements to make
evacuation maps met

TEMPP 3: Evacuation
Mapping — process,
Tsunami Ready
community recognition
guidelines, Tsunami

15-19 August
2016

How to create Evacuation
Map from Inundation Map
using GIS tools with
community engagement;
Building preparedness

Evacuation map; TR
recognition program, TR
Board; Essential tsunami
awareness materials
developed (Info, signage,

Awareness using a Tsunami Ready maps)
(TR) program; Creating
Essential Awareness
materials
TEMPP 4: 7-11 November | How to create a Tsunami Tsunami Response Plan;

Warning and
Emergency Response,
Socialization -
Education &

2016

Response Plan (SOPs for
warning and community
evacuation); How to

Community Tsunami
Exercise Plan



http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1705
http://itic.ioc-unesco.org/index.php?option=com_content&view=article&id=1948&Itemid=2680
http://itic.ioc-unesco.org/index.php?option=com_content&view=article&id=1948&Itemid=2680
http://itic.ioc-unesco.org/index.php?option=com_content&view=article&id=1971&Itemid=2760
http://itic.ioc-unesco.org/index.php?option=com_content&view=article&id=1972&Itemid=2761
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Workshop/Training

Dates

Purpose

Outcome / Post-Training
homework

Awareness, Exercise
planning

conduct a Tsunami
Exercise

Pre-TEMPP 5:
Exercise Preparation,
Socialization and
Awareness, Tsunami
Ready progress visit

30 January-3
February 2017

Plan for successful
exercise, and Tsunami
Ready guidelines
completion, e.g., Exercise
format and conduct agreed,
Evacuation Map and
signage deployed,
Education and Awareness
materials created, and
outreach to be conducted

Ensure successful
exercise and Tsunami
Ready guidelines met

TEMPP 5: Functional
Exercise, Tsunami
Ready Recognition
Ceremony

15-17 February
2017

Official Adoption of Maps,
Functional Tsunami
Exercise, including
evacuation, Tsunami Ready

Official Evacuation Map,
Tsunami Ready
Recognition

Board review and approval,
Tsunami Ready
Recognition ceremony, Pilot
Wrap-up meeting

Post-TEMPP5: Cedefio
Exercise Debrief

17 March 2017 Exercise hot wash and

debrief

Post-exercise evaluation -
Exercise
Observer/Evaluator results,
discussions, and lessons
learned.

Webinar

Table A—2. Summary of training workshops
Training information and materials can be found on the IOC website at:

TEMPP 1:
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1705

TEMPP 2:
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventiD=1803

TEMPP 3:
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventiD=1891

TEMPP 4:
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventiD=1943

TEMPP 5:
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1984


http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1705
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1803
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1891
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1943
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1984
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4. COURSE DEVELOPMENT TEAM

Bernardo Aliaga, PTWS Technical Secretary, Programme Specialist, UNESCO/IOC.

Dr Diego Arcas, Head, Tsunami Group, NOAA Pacific Marine Environmental
Laboratory (PMEL).

David Coetzee, Manager, Capability & Operations, NZ Ministry of Civil Defence and
Emergency Management.

Dr Laura Kong, Director, ITIC.

George Crawford, Community Preparedness, retired from Earthquake and Tsunami
Program Manager, USA Washington State Military Department Emergency
Management Division.

Christa von Hillebrandt-Andrade, Manager, NOAA Caribbean Tsunami Warning
Program (CTWP); Carolina Hincapie, CTWP.

Mylene Villegas, Chief Science Research Specialist, Geologic Disaster Awareness &
Preparedness Division (GDAPD), Philippine Institute of Volcanology and Seismology
(PHIVOLCS).

Tim Walsh, Chief Hazards Geologist, USA Washington State, Dept of Natural
Resources.

Additional details for each Training, as well as Lessons Learned from the TEMPP Pilot were
reported in full TEMPP Pilot Summary Report (found in Supplement 1).


https://www.oceanexpert.net/expert/12127
https://www.oceanexpert.net/expert/diegoarcas
https://www.oceanexpert.net/expert/16658
https://www.oceanexpert.net/expert/16046
https://www.oceanexpert.net/expert/16872
https://www.oceanexpert.net/expert/25862
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ANNEX I
SUPPLEMENT TO THIS GUIDE

The Supplement to this guide consists of a package of different content that provides
additional background, detailed explanation, best practice and useful real-world guidance, and
step-by-step instructions to assist in completing the Action Steps within each Programme
Module. All Supplement materials are electronic, and available from the 10C or ITIC.

The Supplement consists of two types of content:

Supplement to Programme Modules that compiles materials in support of each of the
four Modules: Identifying Tsunami Inundation Areas, Developing Tsunami Evacuation
Maps, Developing Tsunami Response Plans and Standard Operating Procedures
(SOPs), and Tsunami Exercising.

Supplement Specialized Documents on each of the four Modules, including how-to-
manuals, templates and guidance.

The most current versions of the Supplement to the Programme Modules and the
Specialized Documents are available from the IOC and ITIC, or can be download from the
ITIC Tsunami Evacuation Maps, Plans, and Procedures (TEMPP) web site http://itic.ioc-
unesco.org/index.php?option=com_content&view=category&layout=blog&id=2166&Itemid=2
640 (Accessed 7 November 2019)

1. SUPPLEMENT TO PROGRAMME MODULES

The Supplement to Programme Modules covers the following topics in detail (as given in Table
of Contents):

MODULE 1 — IDENTIFYING TSUNAMI INUNDATION AREAS
Acquire Required Information

Learn Basics of Tsunami Science and Numerical Modelling
o] Terminology

o] Tsunami Generation

o] Tsunami Propagation

o] Tsunami Impact

o] Tsunami Numerical Modelling
o]

Computing Tsunami Impact Using Numerical Models

Conduct Tsunami Modelling or No Modelling

o] Tsunami Modelling Requirements

o] Methods of Determining Inundation/Flooding Extents
Create Inundation Map

o] Tsunami Inundation Map

o] Practical uses of Tsunami Hazard and Inundation Maps

o Role in Tsunami Disaster Risk Reduction


http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2166&Itemid=2640
http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2166&Itemid=2640
http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2166&Itemid=2640
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o] Guiding Principles
o] Relating Inundation to Tsunami Impact

Additional Resources
MODULE 2 — DEVELOPING TSUNAMI EVACUATION MAPS
Acquire Required Information

Identify Evacuation Zone (Hazard Zone) Based on Inundation Map
o] Designation of Areas

o] Evacuation Obstacles

o] Determine Evacuation Time

o] Difficult-to-Evacuate Areas

Identify Evacuation Assembly Sites (Areas) and Routes
o] Evacuation Assembly Sites or Areas

o] Vertical Evacuation Buildings

o] Vertical Evacuation Building Codes

o] Tsunami Evacuation Routes

Engage Community to Solicit Feedback
o] Community Engagement in Developing Tsunami Evacuation Map
o] Community Presentation

o] Town Watching

Finalise Evacuation Map and Signage

o] Tsunami Hazard Evacuation Map Guidelines
Symbols and Icons

Thematic Layers

Example Tsunami Evacuation Maps

O O O O

Signage

Obtain Official Approval
o] Approval

o] Review

o] Printing

o] Ensuring Effectiveness of Evacuation Map
Pedestrian Evacuation Simulation and Planning
o] Methodology

o] Evacuation Simulation Analysis

Additional Resources
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MODULE 3 — DEVELOPING TSUNAMI RESPONSE PLANS
AND STANDARD OPERATING PROCEDURES

Acquire Required Information

Develop Response Plan
o] Format and Design
o] Tsunami Notification and Activation
o] Tsunami Alert System
o]

Phases of Operational Activities

Develop Standard Operating Procedures (SOPs
o] Examples of Tsunami Warning SOPs
o] Example of Emergency Operations Centre (EOC) Roles and SOPs

o] Evacuation Planning and Procedures

Develop Public Awareness

o] Content of Public Awareness

o] Strategies for Successful Awareness and Education of Public Awareness
o] Effective Dissemination

o] Ensuring Effectiveness of an Evacuation Map

Additional Resources
MODULE 4 — TSUNAMI EXERCISING

Acquire Required Information
o] Analyse the Need
o] Establish Aims, Objectives, and Scope

o] Types of Exercise

Plan Exercise

o] Exercise Task Team
Scenario

Exercise Documents

Media Involvement

O O O O

Preparing and Setting Up
Conduct Exercise

o] Starting the Exercise
o] Controlling the Exercise

o] Concluding the Exercise

Evaluate Exercise
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(0]
0]
0]

Participant Debriefs
Exercise Task Team Debrief
Exercise Validation and Report

Implement Recommendations

Additional Resources

2. SUPPLEMENT SPECIALIZED DOCUMENTS

The following table summarizes the Supplement Specialized Documents:

Number Specialized Document Name Module(s)
Using ComMIT (MOST model) for tsunami inundation modelling for
evacuation mapping: Summary, Manual, and Appendices

I (abridged requirements, in Spanish) 1
ComMIT was used in the TEMPP1 Pilot training course for
inundation modelling to support evacuation map-making.

Tsunami Coastal Assessment Tool (TsuCAT) for scenario
identification, v4, USA NOAA, ITIC, 2019, Summary and Manual.

I TsuCAT can be used to identify worst-case scenarios, and to 1,3,4
develop scenarios for tsunami exercises using the PTWC
Enhanced Products as message triggers for national and local
tsunami warning decision-making.

How to Create Evacuation Maps from Inundation Maps — from
ComMIT to QGIS, Manual and Tutorial.

I This Manual describes the export of ComMIT results into the open- 2
source QGIS software to digitally create tsunami evacuation maps
using standard formats, color palettes, and symbology.

Town-Watching Tsunami Evacuation Checklist
This example provides a template for ground-truthing tsunami

vV evacuation maps through community engagement and actual 2
tsunami evacuation route walking. A copy is also contained within
the Supplement to Programme Modules.

Vv How to Create Community Tsunami Response Plans (example of 3
response plan, template)

VI Awareness Materials — Warning and Evacuation information, 34
Family Plan card (examples): TEMPP3 and TEMPP4. '
How to Create Community Tsunami Exercises (example of

Vi exercise plan and evaluation forms, template): TEMMP4 and 4
TEMMPS5.

Vil How to conduct Tsunami Drill flyer (example) 4

Table A-1. Supplement specialized documents



http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1705
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1705
http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2239&Itemid=2763
http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2239&Itemid=2763
file://///hqfs/dfs/sc/ioc/USERS/Ingrid/Documents/MG/MG%2082/Main%20document/English/2019.11.21/.%20%20http:/ioc-unesco.org/index.php%3foption=com_oe&task=viewEventRecord&eventID=1803
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1891
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1891
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1943
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1943
http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1984
file://///hqfs/dfs/sc/ioc/USERS/Ingrid/Documents/MG/MG%2082/Main%20document/English/2019.11.21/.%20%20http:/ioc-unesco.org/index.php%3foption=com_oe&task=viewEventRecord&eventID=1943
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ANNEX Il

GENERAL BIBLIOGRAPHY,
NATIONAL RESOURCES AND BEST PRACTICES

The following is a general bibliography on tsunamis, tsunami early warning systems, disaster
risk reduction, and on national and community tsunami response and evacuation planning
(Modules 1 to 4):

Kong, Laura S.L. 2007. A Global Tsunami Reduction Strategy: Building Effective Tsunami
Warning and Mitigation Systems, Proceedings, 4th International Workshop on Coastal
Disaster Prevention, Future Disaster Management of Tsunami and Storm Surge in Asia, 1-2
December 2007, Yokohama, Japan.

Port Technology Group, ASEAN-Japan Transport Partnership. 2009. Guideline for
Development and Utilization of Tsunami Disaster Management Map for ASEAN and Indian
Ocean Tsunami Affected Countries, v1.0, 69 pp. (Outline by Japan Port and Airport Research
Institute, (PARI).

Scheer, S. et al. 2011. Handbook of Tsunami Evacuation Planning, Scenarios for Hazard-
induced Emergencies Management, Project n° 030963, Specific Targeted Research Project,
Space Priority. (ISBN 978-92-79-19086-5, doi: 10.2788/34292).

Tanaka, S, and Istiyanto, D. 2010. Tsunami Hazard Mapping in Developing Countries, An
Effective Way of Raising Awareness for Tsunami Disaster Risk Reduction. ICHARM Pub No.
21, 40 pp.

UNISDR. 2006. Third International Conference on Early Warning, Developing Early Warning
Systems: A Checklist, 27-29 March 2006.

UNISDR. 2017. Report of the open-ended intergovernmental expert working group on
indicators and terminology relating to disaster risk reduction, adopted by the United Nations
General Assembly on February 2", 2017. Available at:
https://www.unisdr.org/we/inform/publications/51748 (Accessed 24 March 2019).

UNESCO/IOC. 2008. Tsunami Preparedness: Information Guide for Disaster Planners. Paris,
UNESCO. I0C Manuals and Guides No. 49. (SC.2008/WS/5) Available at:
http://lunesdoc.unesco.org/images/0016/001600/160002e.pdf (Accessed 21 March 2019).

UNESCO/IOC. 2010. Strengthening Tsunami Warning and Emergency Responses: One-
week Training Workshops on the Development of End-to-End Tsunami Standard Operating
Procedures (SOPs): Course Manuals on Tsunami Warning, Tsunami Emergency Response,
Alerting, Media and Local Preparedness.

UNESCO/IOC. 2014. Tsunami, The Great Waves, Revised Edition. Paris, UNESCO. 16 pp.,
illus. IOC Brochure 2012-4 (English, French, Spanish), revised 2014.

UNESCO/IOC. 2017. Plans and Procedures for Tsunami Warning and Emergency
Management. Paris, UNESCO, IOC Manuals and Guides No.76, 72 pp. (10C/2017/MG/76

REV).

UNESCO/IOC. 2019. Tsunami Glossary, Four Edition. Paris, UNESCO, IOC Technical Series,
No. 85. (English, French, Spanish, Arabic, Chinese) (I0C/2008/TS/85 rev.4)



https://www.unisdr.org/we/inform/publications/51748
https://unesdoc.unesco.org/ark:/48223/pf0000160002.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000148609.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000256552.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000256552.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000188226.locale=en
http://unesdoc.unesco.org/images/0016/001600/160002e.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000160002_eng
https://unesdoc.unesco.org/ark:/48223/pf0000256552_eng
https://unesdoc.unesco.org/ark:/48223/pf0000256552_eng
https://unesdoc.unesco.org/ark:/48223/pf0000188226_eng
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Examples

Indonesia

Spahn, H. et al. 2010. Planning for Tsunami Evacuations, A Guidebook for Local Authorities
and other Stakeholders in Indonesian Communities, GTZ IS-GITEWS, 88 pp.

Japan

Japan Fire and Disaster Management Agency (FDMA). 2013. Guideline for the Municipality to
Make Tsunami Evacuation Plan (Chapter 2). Civil Protection and Disaster Management
Department. (in Japanese, translated with permission into English).

Japan Fire and Disaster Management Agency (FDMA). 2013. Tsunami Evacuation Planning
Manual for each Region (Chapter 3), Report from Study Group for Promoting Guidelines for
Tsunami Evacuation Countermeasures. Civil Protection and Disaster Management
Department. (in Japanese, translated with permission into English).

Japan Cabinet Office. 2011. Report of the Committee for Technical Investigation on
Countermeasures for Earthquakes and Tsunamis Based on the Lessons Learned from the
“2011 off the Pacific coast of Tohoku Earthquake”.

New Zealand (Accessed 22 March 2019)

Evacuation:
https://www.civildefence.govt.nz’home/SearchForm?Search=evacuation&searchlocal
e=en_NZ&action_results=Search

NZ Civil Defence Emergency Management, National Tsunami Advisory and Warning
Plan, 2018. https://www.civildefence.govt.nz/cdem-sector/guidelines/national-
tsunami-advisory-and-warning-plan/

Public Awareness: https://www.civildefence.govt.nz/get-ready/get-tsunami-ready/
Philippines

Philippine Institute for Volcanology and Seismology (PHIVOLCS). 2008. Developing
Tsunami Prepared Communities.

United States of America (Accessed 22 March 2019)
National Tsunami Hazard Mitigation Program, NTHMP

Benchmarked Tsunami Numerical Models,
https://nws.weather.gov/nthmp/documents/TsunamiModelSummary.pdf

Evacuation Modelling and Mapping Guidelines, 2011, rev 2016:

o] Part I: Tsunami Inundation Modelling
https://nws.weather.gov/nthmp/documents/linundationmodelingguidelines.pdf

o] Part 1l: Tsunami Inundation Maps,
https://nws.weather.gov/nthmp/documents/2inundationmapguidelines. pdf

o] Part Ill: Tsunami Inundation Determination for Non-Modelled Regions (draft),
https://nws.weather.gov/nthmp/documents/3nonmodeledregionguidelines.pdf

o] Part IV: Tsunami Evacuation Maps,
https://nws.weather.gov/nthmp/documents/4evacuationmapsguidelines.pdf

o] Checklist for Tsunami Modelling and Mapping Reports and/or Metadata,
https://nws.weather.gov/nthmp/documents/guidelineschecklist. pdf


https://www.civildefence.govt.nz/home/SearchForm?Search=evacuation&searchlocale=en_NZ&action_results=Search
https://www.civildefence.govt.nz/home/SearchForm?Search=evacuation&searchlocale=en_NZ&action_results=Search
https://www.civildefence.govt.nz/cdem-sector/guidelines/national-tsunami-advisory-and-warning-plan/
https://www.civildefence.govt.nz/cdem-sector/guidelines/national-tsunami-advisory-and-warning-plan/
https://www.civildefence.govt.nz/get-ready/get-tsunami-ready/
https://nws.weather.gov/nthmp/documents/TsunamiModelSummary.pdf
https://nws.weather.gov/nthmp/documents/1inundationmodelingguidelines.pdf
https://nws.weather.gov/nthmp/documents/2inundationmapguidelines.pdf
https://nws.weather.gov/nthmp/documents/3nonmodeledregionguidelines.pdf
https://nws.weather.gov/nthmp/documents/4evacuationmapsguidelines.pdf
https://nws.weather.gov/nthmp/documents/guidelineschecklist.pdf

Manuals and Guides, 82
Annex Il — page 3

Signage, https://nws.weather.gov/nthmp/signs/signs.html
Exercises, https://nws.weather.gov/nthmp/tsunamiexercises.html

TsunamiReady® Program (National Weather Service),
https://www.weather.gov/tsunamiready/


https://nws.weather.gov/nthmp/signs/signs.html
https://nws.weather.gov/nthmp/tsunamiexercises.html
https://www.weather.gov/tsunamiready/

CFD
ComMIT
COPECO
CTIC
CTWP
CTWP
DCDB
DEM
DNR
EMO
FDMA
GDAPD
GIS

GITEWS

HAZMAT
ICG

ICG/CARIBE-EWS

ICG/PTWS

IHO

I0C
IOTIC
IOTWMS
ITB

ITIC
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LIST OF ACRONYMS
Computational Fluid Dynamic
Community Modelling and Interface for Tsunamis
Comision Permanente de Contingencias de Honduras
Caribbean Tsunami Information Center
Caribbean Tsunami Warning Program
Caribbean Tsunami Warning Programme
Data Centre for Digital Bathymetry
Digital Elevation Model
Department of Natural Resources
Emergency Management Office
Japan Fire and Disaster Management Agency
Geologic Disaster Awareness & Preparedness Division
Geographic Information System

German-Indonesia Cooperation for a Tsunami Early Warning
System

Hazardous Materials

Intergovernmental Coordination Group

Intergovernmental Coordination Group for the Tsunami and other
Coastal Hazards Warning System for the Caribbean and Adjacent

Regions

Intergovernmental Coordination Group for the Pacific Tsunami
Warning and Mitigation System

International Hydrographic Organization
Intergovernmental Oceanographic Commission

Indian Ocean Tsunami Information Centre

Indian Ocean Tsunami Warning and Mitigation System
Bandung Institute of Technology

International Tsunami Information Center
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JISAO
JMA
LIPI
MCDEM
NCEI
NCTR
NGO
NOAA

NTHMP/MMS

NTWC
OFDA
PHIVOLCS
PMEL
PTWC
PTWS
PTWS-SC

SMART

SOP
SW
TEMPP

TOWS-WG

TsuCAT
UNESCO
UNISDR
USAID

USGS

Joint Institute for the Study of the Atmosphere and Ocean

Japan Meteorological Agency,

Indonesian Institute of Science

New Zealand Ministry of Civil Defence & Emergency Management
NOAA National Centers for Environmental Information

NOAA Center for Tsunami Research

Non-governmental organization

US National Oceanic and Atmospheric Administration

United States National Tsunami Hazard Mitigation
Program/Mapping and Modelling Subcommittee

National Tsunami Warning Centre

U.S. Foreign Disaster Assistance

Philippine Institute of Volcanology and Seismology
NOAA Pacific Marine Environmental Laboratory
Pacific Tsunami Warning Centre

Pacific Tsunami Warning and Mitigation System
Pacific Tsunami Warning and Mitigation System

Specific, Measurable, Achievable, Realistic, Task oriented or Time
driven

Standard Operating Procedures
Shallow Water
Tsunami Evacuation Maps, Plans, and Procedures

Working Group on Tsunamis and Other Hazards related to Sea-
Level Warning and Mitigation Systems

Tsunami Coastal Assessment Tool

United Nations Educational, Scientific and Cultural Organization
United Nations Office for Disaster Risk Reduction

United States Agency for International Development

United States Geological Survey
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WDS World Data Service
WDS-G ICSU World Data Service for Geophysics

WMD Washington Military Department



No.

lrev.2

3rev. 3

5rev. 2

6 rev.

8

9 rev.

9 Annex |

9 Annex Il

10
11
12
13

14

15
16

17

IOC Manuals and Guides

Title

Guide to IGOSS Data Archives and Exchange (BATHY and TESAC). 1993. 27 pp. (English, French,
Spanish, Russian)

International Catalogue of Ocean Data Station. 1976. (Out of stock)

Guide to Operational Procedures for the Collection and Exchange of JCOMM Oceanographic Data.
Third Revised Edition, 1999. 38 pp. (English, French, Spanish, Russian)

Guide to Oceanographic and Marine Meteorological Instruments and Observing Practices. 1975.
54 pp. (English)

Guide for Establishing a National Oceanographic Data Centre. Second Revised Edition, 2008. 27 pp.
(English) (Electronic only)

Wave Reporting Procedures for Tide Observers in the Tsunami Warning System. 1968. 30 pp. (English)

Guide to Operational Procedures for the IGOSS Pilot Project on Marine Pollution (Petroleum)
Monitoring. 1976. 50 pp. (French, Spanish)

(Superseded by IOC Manuals and Guides No. 16)

Manual on International Oceanographic Data Exchange. (Fifth Edition). 1991. 82 pp. (French, Spanish,
Russian)

(Superseded by IOC Manuals and Guides No. 17)

Guide for Responsible National Oceanographic Data Centres. 1982. 29 pp. (English, French, Spanish,
Russian)

(Superseded by IOC Manuals and Guides No. 16)
The Determination of Petroleum Hydrocarbons in Sediments. 1982. 38 pp. (French, Spanish, Russian)
Chemical Methods for Use in Marine Environment Monitoring. 1983. 53 pp. (English)

Manual for Monitoring Oil and Dissolved/Dispersed Petroleum Hydrocarbons in Marine Waters 