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INTRODUCTION

Ten Years After
The 10th anniversary of the Indian Ocean Tsunami on 26th December 2004 is a pertinent 
moment to reflect on what has changed since then. No doubt, we are better prepared 
nowadays. The natural phenomenon tsunami, which for the majority of the people was 
previously largely unknown, is now integral part of the collective memory. The event 
changed the way to deal with natural disasters in the region by setting a stronger focus on 
preparedness. As a core part of tsunami preparedness, a regional tsunami early warning 
system has been established in the Indian Ocean, which is able to respond even to near 
field tsunamis.

The International Conference “The Indian Ocean Tsunami Warning and Mitigation System 
- 10 years after the Indian Ocean Tsunami: Achievements, Challenges, Remaining Gaps 
and Policy Perspectives”, which was held in Jakarta on the 24 and 25 of November 2014 
recognized the achievements of the last 10 years and highlighted work that still needs to 
be done.

During the conference, it was highlighted that the Indian Ocean area now counts with 
reliable warning services operated by three Regional Tsunami Service Provider (Australia, 
India, Indonesia) and that good progress had been achieved by establishing national 
warning systems in many of the countries around the Indian Ocean. 

The knowledge on tsunami risks had increased throughout times after the Indian Ocean 
tsunami. The IOTWS had broadly facilitated risk assessment studies, development of 
guidelines and trainings.  This had enhanced the capacity of risk knowledge as important 
ammunition to develop warning response strategies as well as preparedness, further to 
the definition of policies on tsunami risk reduction within the Indian Ocean countries. The 
role of risk assessment is fundamental to assure appropriate responses. 

Nevertheless, it was observed that there are still big challenges to implement reliable 
warning chains between national warning centers and the communities at risk and 
appropriate response mechanism. This leads to a serious bottleneck in the warning chain, 
as local authorities are usually mandated to call for evacuation and guide communities in 
an emergency. Capacity development, but also guiding policies in regards to planning and 
funding are required, to enable the broader implementation of preparedness mechanism 
at local level.

After having had a strong focus on the technological development of the Indian Ocean 
Tsunami Warning System (IOTWS) during the last years, it will be important now to put 
more emphasis to develop adequate warning mechanism on the local level and to do 
it in a more structured and systematic way. For many Indian Ocean countries with high 
probability of tsunami risk, this effort can be a specific stand-alone strategy.  However, for 
countries with a lower probability, this may only work by assuring a full integration into a 
multi-hazard approach. 
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The Way Ahead
During the conference it was proposed that the further development of IOTWS should 
be governed with a stronger focus on the “end to end” perspective and on down-stream 
issues (“First Mile”) making use of periodic evaluations and regular assessments of 
incidents as well as a stronger involvement of disaster management organizations. Then, 
a more structured way to approach the downstream part would be helpful to support the 
implementation of warning chains and enabling proper reaction in the IOTWS member 
states. 

Integration will be a key to sustainability of the system and enhance further implementation 
at local level. Besides a stronger integration of tsunami early warning into national and 
local disaster management, based on clear policies and standards, it is crucial to assure 
that the requirements for early warning are considered in local planning and budgeting 
processes. Integration of early warning into emergency management procedures in other 
public sectors, with priority on education and health sector, as well as the private sector 
should be systematically promoted as well. 

By adopting a stronger attitude towards service and client orientation, warning provider 
could positively contribute to make warning services more effective. This involves 
establishing feedback loops to learn more about the client’s needs and to identify adequate 
measures for improvements of warning services. Rapid assessments after each warning 
case, whether a tsunami was generated or not, on the performance of the entire warning 
chain and local 24/7 services as well as public reaction should be applied by warning service 
providers on all levels to get a better understanding whether their warning procedures 
and products are suitable for and understood by their clients. Regular training and 
information should be offered to assure that their clients are able to use tsunami warnings 
in the best way. The development of minimum service standards would contribute to the 
improvement of the quality of warning services as well.  Furthermore, regular assessments 
on public expectations on warning services should be part of the public education 
approach, to generate a more demand-based services by paying attention and listening 
closer to the end user who are ultimate in this system; the communities.

We should bear in mind that tsunami warning is not only the business of national and 
local warning providers, but should be integral part of emergency and preparedness 
procedures in all parts of society. Therefore, complementary services providing additional 
advisory for private and public sectors, especially in critical and vulnerable infrastructures 
and institutions, are needed and will contribute to the overall preparedness and might 
even create new business opportunities in the context of disaster management. 

Tsunami preparedness and early warning are an integral part of local disaster management 
and related development and planning processes. As local governments need to set up 
preparedness and early warning mechanism for a number of different hazards, which 
need to be integrated, a multi-hazard approach should be supported.

There are a number of interesting experiences and tools developed by pilot projects in 
different countries around the Indian Ocean. Some of them are ready to be implemented 
on a broader scale, to build up local tsunami warning chains and enable proper reaction 
in a more structured way.
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About this Working Document
To make these experiences available, Working Group 3 of the Intergovernmental 
Coordination Group (ICG) of IOTWS, has projected a publication on “Tsunami Early Warning 
& Community Preparedness”.   The objective is to provide insights and good practices 
from multiple initiatives to link communities to the newly build up tsunami early warning 
system in the Indian Ocean area and to strengthen community preparedness in the ICG 
IOTWS member countries. The target groups of the publication are professional officials, 
related organizations and civil societies involved in the tsunami early warning and disaster 
management.

The hereby-presented working document is an intermediate product from the ongoing 
drafting process and presents three introductory articles addressing the principal technical 
topics of the projected publication, which are (1) Understanding the Risk, (2) Developing 
Warning Chains and (3) Preparing Communities.

The introduction into “Understanding the Risk” by Sam Hetteriachi (Chair Working Group 
1: Risk Assessment) and Juan Carlos Villagran elaborates on the relation between risk 
assessment and its implications to policy making and disaster risk management, including 
early warning and community preparedness. It will provide illustrations and lessons in 
practice on how risk assessment is developed and taken into account as the foundation of 
strategies for disaster risk reduction. 

The second contribution on “Developing Warning Chains” by Harald Spahn (German 
International Cooperation – GIZ) provides an overview on essential aspects related to the 
development of local warning chains, including a brief description on the overall set up 
of tsunami early warning in the Indian Ocean. The focus is on the warning chain from 
the National Tsunami Warning Center (NTWC) to the community at risk and it addresses 
the division of roles between NTWCs and national as well as local disaster management 
organizations in terms of decision making and providing warning and guidance to the 
communities at risk. It underlines the importance for coordination between the district, 
province and national levels. Further aspects are the institutional requirements and local 
24/7 services, the development of standard operation procedures for decision making and 
dissemination as well as the importance to learn from real events (case studies) and drills 
(IOWave exercises) as well as the need to build a common understanding of the system.

The third contribution “Preparing Communities” by Irina Rafliana (Indonesian Institute of 
Science – LIPI, previous Chair of Working Group 3: Preparedness and Response appointed 
2009-2012) points out the importance of understanding the risks when developing 
community preparedness and optimizing existing capacities. Issues related to risk 
perception associated to social-cultural settings in different countries would be addressed. 
Local knowledge, which sometimes tend to be overestimated as ‘wisdom’ is briefly 
discussed. Furthermore, it will elaborate on how to build local preparedness including 
warning dissemination and proper warning reaction, evacuation planning, contingency 
planning, drills and exercises making use of lessons from the ground for improvements.  
As a longer term strategy, the preparedness as part of the tsunami disaster risk reduction 
efforts should be taken into national and local development planning and programs.
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TSUNAMI RISK ASSESSMENT 
AND MANGEMENT
Sam Hettiarachchi and Juan Carlos Villagran

1.0 Introduction 
Coastal communities all over the world 
are under severe pressure resulting from 
planned and unplanned development, 
population growth and human induced 
vulnerability, coastal hazards with 
increasing frequency and magnitude and 
impacts of global climate change. These 
unprecedented changes have increased 
the level of risk of such coastal communities 
from a wide range of coastal hazards arising 
from natural phenomena and human 
induced activities.  In this respect the 
assessment and management of risk for 
coastal hazards plays a vital role for safety 
of human lives, conservation of ecosystems 
and protection of the built environment.

Among the tools available, risk assessment 
is one of the fundamental first steps towards 
planning, improving and implementing 
effective disaster risk reduction policies and 
programmes. One has to know and identify 
risks if they are to be effectively reduced 
and contained. There is a need to develop 
simplified approaches to risk assessment 
to convince a wider stakeholder base 
that investing in risk assessments pay. 
Such approaches bring together so many 
members of civil society leading the efforts 
to make disaster risk reduction everyone’s 
business.

2.0 Risk Assessment initiatives for 
the Indian Ocean Tsunami Warning 
System (IOTWS)
After the Indian Ocean Tsunami of 
December 2004, considerable amount 
of work has been carried out relating to 
tsunami risk assessment of the countries as 
a whole, regions and cities. However there 
has been no uniform approach for the 
definition of risk and methods to assess it. 
The capabilities of the respective countries 
have varied considerably with respect 

to the availability of expertise, tools for 
analysis and quality of data used for such 
analysis. 

A Working Group on Risk Assessment of the 
Intergovernmental Coordination Group 
for the establishment of the Indian Ocean 
Tsunami Warning System (ICG/IOTWS) 
was established at its first meeting held in 
Perth in August 2005. The Working Group 
conducted a survey of the needs of its 
membership leading to the development 
of the Terms of Reference for activities. 
The preparation of an integrated Regional 
Tsunami Hazard Map and the development 
of uniform guidelines for tsunami risk 
assessment were given high priority.

The Working Group produced two 
important guidelines with the support of 
member states, international organizations 
and donor agencies.

1. Probabilistic Tsunami Hazard 
Assessment of the Indian Ocean 
Nations    (Burbidge et al, 2009)

2. Tsunami Risk Assessment and 
Mitigation for the Indian Ocean    
(UNESCO, 2009 b)

In addition UNESCO/IOC also published a 
broad guideline on coastal hazards titled, 
Hazard Awareness and Risk Mitigation in 
Integrated Coastal Area Management-ICAM 
(UNESCO, 2009 a) to which the Working 
Group contributed.

The guidelines provide useful information 
in implementing tsunami risk assessment 
and mitigation studies within the broader 
framework of integrated coastal area 
management. They provide sufficient 
flexibility in implementing such studies 
giving priority to critical variables as 
applicable to the region/city under 
consideration. 
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3.0   Risk and its components
Risk has been defined as the combination of the 
probability of an event and its negative consequences. 
It is primarily a function of hazard and vulnerability. 
Risk is usually expressed by the notation 

Risk = Hazard x Vulnerability. 

where, hazard is understood as a phenomenon or 
condition that may cause loss of life, injury or other 
health impacts, property damage, loss of livelihood 
and services, social and economic disruption, or 
environmental damage. Vulnerability represents the 
characteristics and circumstances of a community, 
system or asset that make it susceptible to the 
damaging effects of hazard.  Therefore, risk can 
be quantified as a hazard associated with the 
probability of occurrence of a phenomenon and with 
the vulnerability of society and its full structure to 
potential damage and losses.

Another popular expression for risk incorporates 
capacity and expressed by the notation 

Risk = (Hazard x Vulnerability)/ Capacity 

where capacity represents the means by which the 
community utilizes available resources, abilities and 
their knowledge to confront adverse conditions that 
could lead to a disaster. 

Prior to the Indian Ocean Tsunami (IOT) of December 
2004, many nations in the Indian Ocean had not 
adopted a planned approach towards preparedness 
and response in relation to mega coastal disasters, 
an aspect which is considered vital in saving lives. 
Hence it seemed more appropriate to focus on the 
importance of preparedness in relation to capacity. In 
this notation risk is expressed as,

Risk = Hazard x Vulnerability x Deficiencies in 
Preparedness

The additional term represents the deficiencies of 
certain important measures and tasks relating to 
preparedness which could increase the loss of human 
lives and damage to property and infrastructure in 
the specific interval of time during which the event 
is taking place, including the lack of early warning 
systems.
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4.0 Coastal Hazards

4.1 Classification of multiple coastal hazards

Hazards are potentially damaging 
physical events, phenomena or human 
activities that may cause the loss of life 
or injury, property damage, social and 
economic disruption or environmental 
degradation. They represent the possibility 
of occurrence of a natural/human induced 
event of a probable magnitude or intensity 
that includes a specific area of exposure. 
Within this geographical area, human 
life, ecosystems and infrastructure can be 
potentially affected by the hazard. Hazards 
are characterized by their source of origin, 
path of propagation, intensity, duration, 
frequency of occurrence and associated 
probability. Their impacts are assessed with 
respect to magnitude, space and time. 

Hazards can be classified according to the 
source of origin, natural/human induced 
and the manner in which it manifest itself, 
episodic/chronic. 

Natural hazards include those arising from 
meteorological, oceanic and geologic 
phenomena and long term climate change. 
Human induced hazards such as oil spills 
in the vicinity of coastlines have serious 
impacts on the coastal zones.  

Episodic hazards include severe storms, 
earthquakes, tsunamis and oil spills all of 
which have limited predictability and may 
result in major disasters. Chronic conditions 
include shoreline erosion, flooding, 
sedimentation, sea level rise and coastal 
environmental and resource degradation. 
These conditions which may result or 
increase from disasters arising from episodic 
hazards, relate to processes which could 
be measured and monitored over months, 
years and decades. Unplanned or poorly 
designed physical interventions in the 
coastal zone also contribute to the increase 
of chronic conditions. Some hazards have a 
slow onset but if neglected can cause major 
disasters when critical threshold values are 
exceeded. 

The communities should be made aware 
of the types of hazards their characteristics 
and should be educated on the importance 

of preparedness in responding to potential 
disasters in particular when faced with the 
rapid onset of extreme events.

4.2   Tsunami Hazard Analysis 

Tsunami hazard analysis focuses on the 
tsunami hazard sources, exposure and 
the potential impact on land. Tools and 
methods available to study the hazard 
include, field investigations, image 
analysis and mathematical modelling. 
The latter includes both deterministic and 
probabilistic hazard modelling.

With respect to tsunami hazard sources 
attention is focused on previous events 
(their location, magnitude   and sequence), 
seismic gaps and the identification of 
‘credible scenarios’. 

When examining the exposure at a given 
location on the coastline due attention 
must be focused on submarine geological 
features, regional location, near-shore 
bathymetry and shoreline geometry which 
will influence key wave transformation 
processes leading to amplification of 
tsunami wave heights.

Impact of tsunamis on land can be studied 
by measurements from field instruments, 
post event field observations and satellite 
images. Aftermath of the Indian Ocean 
Tsunami, attention has also been focused in 
the region on paleo-tsunami research work 
to study the impact of tsunamis which have 
taken place.

Deterministic tsunami hazard modelling 
comprising, deep water, near-shore and 
inundation modelling is implemented with 
three objectives

 ❱ Study overall exposure of a region to 
a given hazard source

 ❱ Simulate tsunamis which have 
previously occurred and compare 
with field measurements on height, 
inundation length and run up

 ❱ Simulate potential tsunamis based on 
credible scenarios from geologic and 
seismic studies 

Results from modelling of ‘different 
credible scenarios’, provide a data base of 
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the key parameters relating to inundation 
and the flow regime. Inundation height, 
length and its distribution, run up and 
velocity are some of those parameters. 
These parameters can then be used for the 
development of critical hazard scenario by 
relating to threshold values for security of 
people and infrastructure. 

Probabilistic tsunami hazard modelling 
seeks to assess the probabilities of certain 
wave heights being exceeded due to the 
arrival of a tsunami at locations under 
investigations. These probabilities are 
expressed in terms of expected return 
periods. Burbidge et al (2009) developed 
a probabilistic tsunami hazard assessment 
of Indian Ocean nations  and these studies 
led to the development of a range of 
maps, which provided useful information. 
These included, Hazard Curves, Maximum 
Amplitude Maps, Probability of Exceedance 
Maps, De-aggregated Hazard Maps and 
National Weighted De-aggregated Hazard 
Maps.

5.0   Vulnerability
Vulnerability represents characteristics and 
circumstances of a community, a system 
or an asset that make it susceptible to 
the damaging effects of a hazard such 
as tsunami, an earthquake, a flood, etc. 
It arises as a consequence of conditions 
determined by physical, social, economic, 
political, institutional and environmental 
factors that characterize the framework of 
development employed in every society. 
The basic components of vulnerability can 
be broadly classified as human, physical, 
socio-economic, environmental, functional 
and administrative (Villagran 2006) 
and is therefore dependent on several 
factors related to the said components. 
These include, among others, population 
characteristics and density, degree of 
poverty, livelihoods, building types, and a 
variety of other factors. 

Detailed assessment of vulnerability 
remains a complex area in view of the 
widely varying parameters which have to 
be analysed and in view of the difficulties 
in defining and quantifying certain 
parameters. Assessment of vulnerability 
can therefore be implemented at different 

levels commencing from very basic data 
bases to highly sophisticated data bases 
both referral and relational. Several models 
on vulnerability are available (UNESCO 
2009a). A framework to breakdown 
vulnerability assessment into components 
by analyzing how disasters can impact the 
different sectors which comprise society 
was proposed by Villagran (2008).  The 
sector approach identifies dimensions 
of vulnerability in three areas, namely 
dimensions of susceptibility, sectors and 
scale of consideration. 

6.0   Capacity, Preparedness and 
Community Resilience
While vulnerability represents the 
proneness of society and its full structure to 
be affected by the hazard, capacities focus 
on group measures that are in place to help 
the community to cope with the event and 
preparedness represents the presence of 
measures and tasks which could reduce the 
loss of human lives and property slightly 
before or during disaster. In this respect 
communities must be made aware of the 
hazards, their exposure, vulnerabilities and 
the importance of capacity building and 
preparedness leading to hazard resilient 
communities. The strengthening of 
coping capacities usually builds resilience 
to withstand the impacts of hazards. 
The key areas of interest which require 
attention in this field are awareness, 
education, preparedness, early warning, 
response, evacuation, safe places and 
evacuation structures and hazard resilient 
infrastructure. 

Coastal community resilience is identified 
as the capacity to absorb and withstand 
impacts of hazards, to emerge from 
disaster events and to adapt efficiently 
to changing conditions. Economic and 
social development pressure in coastal 
areas, increasing population density and 
distribution, human induced vulnerabilities, 
together with increasing frequency and 
duration of storms, long term sea level 
rise and other hazards have created 
conditions for disasters of high severity 
occurring more frequently. The period of 
time between disasters and recovery is 
becoming smaller and coastal communities 
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have restricted capacity and reduced time 
to recover and emerge. Some communities 
are continuously facing disasters, event 
after event, depriving them of time to plan 
and achieve long term recovery. In effect 
they lead a life of continuous response 
to varying disasters. Such communities 
have to be identified as high risk areas and 
studies have to be undertaken on special 
area risk assessment and management. 

Building hazard resilient communities 
requires a full understanding of hazards 
both episodic and chronic, the frequency 
of occurrence, the time scale over which 
they act and the geographic extent of 
impact. The community should be aware 
of the impacts on human life, ecosystems, 
agriculture and infrastructure. A hazard 
resilient community can only be developed 
via an understanding of hazard and 
vulnerability leading to reductions in 
the level of risk through proper land-use 
practices, reduction in the components 
that make up vulnerability and improved 
preparedness. Lower levels of risk reflect 
a resilient community and this can be 
achieved via a three pronged approach of 
reducing the impact of hazards, reducing 
vulnerability and improving preparedness. 
The community itself can harness the full 
potential of their indigenous knowledge 
in developing measures on improving 
preparedness. Enhanced coastal 
community resilience enables populations 
at risk to adapt a wide range of coastal 
hazards with a greater degree of confidence.

7.0 Risk Assessment

7.1 Approach to Risk Assessment

Risk Assessment is an essential task that is 
conducted initially to determine the degree 
of risk that coastal communities face, and 
subsequently to identify the measures that 
are needed to reduce such risks through 
a variety of structural and non structural 
measures aiming at reduced exposure 
to such hazards, reduce vulnerability, 
increased preparedness and increased 
coping capacities.

For detailed quantitative assessment of 
risk it is necessary to quantify the main 

components of risk which is a challenging 
task. As mentioned before when risk is 
expressed in the form, Risk = Hazard x 
Vulnerability it is possible to quantify 
risk in terms of loss because hazard 
is associated with the probability of 
occurrence of catastrophic events and 
with the vulnerability of society and its full 
structure to potential damage and losses. 
However with the introduction of capacity 
or preparedness it is difficult to adopted 
direct quantification methods.

A number of methods have been developed 
by researchers including quantitative and 
qualitative methods. However, there is no 
standard technique for such assessment 
of risk . Quantification based on both 
qualitative description (ranking methods) 
and quantification based on detailed 
analysis of respective parameters has 
been successfully adopted. Although 
studies relating to risk will be able to 
capture the significance of its components 
there are limitations in the assessment 
process. However, it is important that risk 
assessment studies are conducted within 
the framework described in Section 3. 

7.2 Hazard, Vulnerability and Risk Maps

While risk can be described using plain text 
and data on risks presented in a tabular 
form, experts have found advantages in 
representing hazard, vulnerability and risk 
in the format of maps.

Hazard maps represent the type of hazard, 
spatial extent of processes, denoting areas 
possibly affected by an extreme event. 
The maps provide an overview of the 
hazardous situation and enables land use 
management and planning measures to be 
adopted efficiently. By regular upgrading of 
the maps it is possible to monitor specific 
regions.

Vulnerability maps represent different 
aspects of vulnerability (geographical 
location of places which congregate 
vulnerable groups such as children, 
elderly and women; physical infrastructure 
including critical infrastructure susceptible 
to damage; the location of processes 
equally susceptible to damage such as those 
conducting commercial activities in public 
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markets, access to public transportation in 
bus stands and train stations; health care, 
education. etc). The maps serve as a tool 
to identify measures to be implemented 
to reduce the vulnerability of communities 
exposed and to improve early warning 
efforts.

In developing hazard and vulnerability maps 
it is necessary to take into consideration 
the different levels at which these hazard 
and vulnerability assessments need to 
be carried out (at the level of a house or 
a small business; a small community, a 
district, a province or at national level). 
Many approaches are available for this 
purpose. Typically this type of qualitative 
classification adopts levels such as very low, 
low, medium and high to describe hazard 
and vulnerability at the level at which the 
assessment is being conducted.

Risk maps identify areas of comparable risk. 
Typically these maps can be developed 
by the superimposition of hazard and 
vulnerability maps. For superimposing 
them it is necessary to establish the criteria 
for risk levels and the method adopted 
must be clearly identified with reference 
to potential limitations in applications.  
On most occasions risk maps provide a 
qualitative classification (similar to hazard 
and vulnerability maps). For some situations 
quantitative scales can be adopted (in the 
form of deaths, damage/economic losses 
per year).

7.3 Hazard, Vulnerability and Community 
Resilience for Tsunami Risk Assessment

Tsunami hazard analysis for risk assessment 
could be achieved either via a multiple 
scenario based or an event based approach. 

For a multiple scenario based approach, the 
superimposition of the impacts of scenarios 
will clearly indicate areas which have a 
greatly likelihood of being affected. The 
probability of inundation and its magnitude 
can be assessed by several methods which 
will consider the probability of occurrence 
of each event. Strunz et al (2011) has 
adopted this approach for Tsunami Risk 
Assessment in Indonesia.

In the event based approach attention 
is focused on individual events, say for 
example worst case scenario or scenarios 
with specific frequencies of occurrences 
and impacts. For countries such as Sri Lanka, 
located at a considerable distance from the 
fault lines and therefore usually impacted 
by mega events, it is customary to focus 
attention on the impacts of such events 
for strategic planning, say for example 
location of hospitals, critical facilities such 
as power stations, water treatment plants. 
Even if planning is based on observations 
arising from a single extreme event it is 
important to analyse impacts of credible 
scenarios and operate within a framework 
of scenario based approach. This provides 
a justification for the use of an event based 
approach from a data base of scenarios. 
Hettiarachchi et al (2011) adopted this 
approach for risk assessment for the City of 
Galle, Sri Lanka.

Assessment of vulnerability can be 
implemented at different levels using 
different approaches varying from 
simplified to highly sophisticated.  

A simplified approach for vulnerability 
assessment would focus on critical 
parameters of interest which should 
be identified in consultation with all 
stakeholders. Typically they cover

 ❱ population and its distribution, 

 ❱ buildings, infrastructure and its status, 

 ❱ exposure to the hazard, 

 ❱ distance from the sea, 

 ❱ elevation, 

 ❱ capacity to evacuate (within the 
broader framework of awareness, 
preparedness, early warning, 
response and safe evacuation) 

 ❱ impact on livelihoods

In addition attention is focused on profile 
of the occupants, sources of income and 
household economic level, conditions 
of buildings and infrastructure and 
community knowledge.
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A detailed sector approach for vulnerability 
was also applied in a benchmark project for 
the City of Galle, Sri Lanka by Villagran (2008) 
and its advantages were clearly observed. 
In particular it is easy to understand the 
factors which maintain existing levels, 
reduce and increase vulnerability. The 
application of this method requires vast 
amount of data and consumes time. 
However, one of the important strengths 
of the study was that it provided guidance 
in identifying the critical parameters which 
could be adopted for a simplified approach 
on vulnerability. Simplified approaches 
based on relevant critical parameters 
provide effective vulnerability analysis on 
which risk assessment can be undertaken 
with confidence.

Risk knowledge which represents the 
awareness of the community of potential 
hazards, vulnerability and the proneness of 
the community to the impact of the hazards 
is a critical component of coastal community 
resilience. In response to the establishment 
of the Indian Ocean Tsunami Warning 
System, USAID/ASIA promoted a strategic 
approach towards Coastal Community 
Resilience to tsunamis and other coastal 
hazards (U.S IOTWS Programme 2007). 
This approach which had been developed 
via a consultative process with national 
stakeholders provided an effective way of 
assessing coastal community resilience and 
is recommended for application. It reflects 
the understanding of the community on 
critical risk issues and therefore is linked 
to capacity. The approach primarily deals 
with eight generic elements of coastal 
community resilience which is considered 
to be of pivotal importance in reducing 
risk from coastal hazards, efficient recovery 
and adaptation to change. Resilience has 
to be built up in each of these areas to 
ensure a well balanced approach towards 
community resilience. 

8.0 Managing Risk- Classification 
and Planning Risk Management 
Measures

8.1 Classification of Risk Management 
Measures

There are many measures that could be 
adopted to manage risk in coastal zone 
management when planning for a tsunami 
and other coastal hazards that accompany 
high waves and heavy inundation and 
extreme impacts. These measures can be 
broadly classified into three categories, 
namely, those which mitigate the impact of 
the hazard, those which mitigate exposure 
and vulnerability to the hazard and those 
aiming to improve preparedness and 
response. Some of these measures are listed 
below under the three categories.  Together 
they reduce disaster risk reduction and 
develop hazard resilient communities.

8.1.1 Measures that mitigate the impact of 
hazard

1. The implementation of artificial 
measures for protection including 
offshore breakwaters, dikes and 
revetments

2. The effective use of natural coastal 
ecosystems including Coral Reefs, Sand 
Dunes and Coastal Vegetation 

8.1.2 Measures that mitigate the exposure 
and vulnerability to the hazard

1. Land Use Planning

2. Regulatory interventions such as set 
back of defense line, in particular 
for critical infrastructure and those 
infrastructure to be used by highly 
vulnerable groups
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3. Adaptation of building codes to 
incorporate guidelines related to coastal 
hazards for a variety of infrastructure 
and enforcement regarding the 
adoption of such building codes 
leading to hazard resilient buildings 
and infrastructure.

4. Other regulatory interventions to 
reduce the level of vulnerability to 
acceptable levels.

8.1.3 Measures that improve preparedness 
and response

1. Early Warning Systems (Local and 
Regional)

2. Public Warning Systems

3. Evacuation Routes and Structures

4. Community education, using a variety 
of aids including maps

5. Risk transfer mechanisms (insurance, 
catastrophe bonds or funds) 

It is emphasised that Hazard, Vulnerability 
and Risk Maps play a vital role in Risk 
Management. In fact it is important to 
upgrade these maps regularly taking 
on board the beneficial aspects of risk 
management measures adopted.  These 
maps lead to the production of Disaster 
Preparedness/Management Maps. (eg. Safe 
places and Evacuation routes)

8.2   Planning Risk Management Measures 

In many countries, current policies target 
disaster response efforts to a larger degree 
than risk management efforts. Hence a 
first priority is to incorporate or strengthen 
policies targeting risk management and 
to incorporate accountability regarding 
risk management activities as a way to 
complement the accountability that already 
exists in the case of disaster response.

Subsequently, it is important that risk 
and disaster management should be 
undertaken within a framework of 
multiple hazards.  It is recognized that Risk 
Management for a city/region which should 
be an important part of an Integrated 
Coastal Area Management Plan, has to 
be based on options relating to policy 
and management. These options reflect 
the strategic approach for achieving long 
term stability in particular for sustaining 
multiple uses of the coastal zone giving 
due consideration to the threats and risks 
of hazards. They must be formulated on a 
sound scientific basis preferably to function 
within the prevailing legal and institutional 
frameworks. However, if the need arises 
institutional improvements should be 
affected and new laws should be imposed. 
In this process high priority should be given 
to stakeholder participation. 
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Background
Tsunami warnings must reach those at risk on time. 
Linking the warning provider to communities at risk is a 
complex task, requiring the involvement of numerous 
actors from different levels and backgrounds, as well 
as the development and implementation of concepts, 
procedures and technology. Time is the most critical 
factor. Lead times in the Indian Ocean area differ a 
great deal in a single event depending on the distance 
of threatened coastlines from the rupture zone. While 
the arrival time of tsunami waves from a rupture in the 
mega thrust may hit Indonesia in less than 30 minutes, 
it may be several hours before the waves reach the 
shores of Sri Lanka or countries in Eastern Africa. On 
the other hand, there are countries like India that 
might be threatened by near-field as well as far-field 
tsunamis, which require a warning system that can 
deal with a broad range of lead times. 

Near-field tsunamis represent a huge challenge for 
the development and operation of tsunami warning 
chains as their short travel time limits warning 
and evacuation times to a few dozen minutes, 
and sometimes even less. Warning processes in 
the context of near-field tsunamis are related to a 
high level of uncertainty, as warnings need to be 
disseminated quickly, even though there may be no 
confirmation whether a tsunami has been generated 
or not. As warning processes require quick decision 
making, sometimes at more than one level, and the 
involvement of a number of actors to reach community 
at risk, it is often questioned whether early warning 
actually works under such circumstances. Obviously, 
in such a scenario, no one would expect people in a 
risk area to wait for a warning from a Tsunami Early 
Warning System; they would need to evacuate directly 
after experiencing strong ground shaking from the 
nearby earthquake. 

Nevertheless, experiences show that even in such 
situations early warning can play an important 
role, as nature does not always provide clear 
warning signs. Indonesia experienced several “slow 
earthquakes” (Banyuwangi, 1994; Pangandaran, 2006; 
and Mentawai, 2010), which were strong enough to 
trigger tsunamis but weren’t felt strongly by those 
most at risk due to the fact that the seismic energy 

DEVELOPING 
WARNING CHAINS

Graphic 1a and b: (a) Wave propagation of 2004 Indian Ocean 
tsunami and (b) Uncertainty as a function of distance and time 
(modified from Fauzi / UNESCO)
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Graphic 2: Warning & Guidance (GIZ)

was released over a longer period of time, resulting 
in swaying movements rather than the usual strong 
ground shaking. In all these cases, people were caught 
unawares. As the epicentres of the Banyuwangi and 
Pangandaran tsunamis were located around 200 
km off the coast of southern Java, there would have 
been enough lead time to provide warnings to the 
communities at risk. In both cases, a functioning early 
warning system would most probably have saved 
lives. Although a tsunami warning was generated in 
the 2006 event, it didn’t reach the communities as the 
requisite links had not yet been established. 

Even if lead times are too short to disseminate 
warnings on time, communities can benefit from 
tsunami early warning as the systems also provide 
“No Threat” information when a strong earthquake 
occurs but does not have the potential to trigger a 
tsunami, as well as “End of Threat” messages once an 
existing tsunami threat has ended so that people can 
return to their homes.

The overall set-up
Defining and setting up the warning chain is a core task 
when developing tsunami early warning systems. Due 
to the heterogeneity in terms of lead times, risk and 
socio-cultural aspects among Indian Ocean Tsunami 
Warning System (IOTWS) member states, there is 
no blueprint for setting up tsunami warning chains 
at national and local levels. Nevertheless, there are 
some common elements and issues that are relevant 
for all. First of all, the development of warning chains 
needs to reflect the overall architecture of the IOTWS, 
leaving the responsibility to develop and implement 
national warning mechanisms and procedures to 
individual member states. Consequently, a variety of 
settings can be found in the Indian Ocean area. Most 
of the countries have established a National Tsunami 
Warning Center (NTWC), which is charged with 
providing warnings within its respective territory. 
Some NTWCs operate own detection and analysis 
systems, whereas others rely on information from 
the designated Regional Tsunami Service Provider 
(RTSP). The relationship between an RTSP and NTWC 
is governed by special agreements and procedures, 
but that is not a topic in this chapter. 

In most countries, Disaster Management 
Organizations (DMO) are involved to disseminate 
warnings to the public and to take decisions on 
whether or not to call for evacuations. This decision-
making process, which is another common element 
of warning chains, is a crucial step as it translates a 
warning message into guidance for a community 
at risk. Several countries leave this task to a national 
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DMO, whereas other member states link their NTWC 
directly with local DMOs. Whatever the configuration, 
the local level plays a crucial role as it constitutes the 
final link to communities at risk.

Clarifying the roles and responsibilities of the actors 
involved is a crucial step in designing and setting up 
national and local warning chains. It also involves 
establishing coordination mechanisms between 
different administrative areas (District-District) and 
levels (National-Provincial-District). 

Decision Making and SOPs
Tsunami warning chains include at least two main 
decision-making processes. The first process usually 
takes place at the national warning center and leads 
to a decision on issuing warnings and the respective 
warning levels. 

The second process relates to the decision on whether 
to call officially for an evacuation. There should be 
a clear and legally-supported agreement defining 
who is responsible for making such a decision. 
Besides clarifying the mandate, it is important to 
ensure that the designated decision-maker has the 
required capacities and resources to fulfil this task. It 
is recommended that this decision-making process 
be institutionalised, as circumstances may require the 
staff on duty take immediate decisions without being 
able to consult directly with the highest authority in 
charge. Defining a Standard Operation Procedure 
(SOP), which describes the parameters that would 
lead to a call for evacuation, may be an appropriate 
way to ensure an adequate response in such an 
emergency situation. 

SOPs are core elements in operating a tsunami 
warning chain and need to be developed at various 
levels and institutions. Good SOPs are “down to 
earth” and describe exactly what has to be done by 
whom and how, providing step-by-step instructions, 
pre-defined message templates and flow charts 
for decision-making processes. SOPs at different 
institutions and levels need to be synchronised to 
allow for the seamless flow of information along the 
warning chain from the NTWC to a community at risk. 

National warning chains in the IOTWS
The following description is based on the results 
from the Regional Workshop on Standard Operating 
Procedures for Tsunami Warning and Emergency 
Response held in Jakarta in September 2011. The 
event was hosted by the Indonesian Meteorology, 
Climatology and Geophysics Agency (BMKG) with 

Graphic 3: Synchronised SOPs



DEVELOPING WARNING CHAINS 19

Picture 1: Sketches of tsunami-warning chains in Sri Lanka, India and the Seychelles as presented during the Region-
al Workshop on SOPs in Jakarta

the support of and in collaboration with the United 
Nations Development Program’s (UNDP) Asia Pacific 
Regional Centre (APRC). The workshop involved 
representatives from national tsunami warning 
centers (NTWCs), disaster management organizations 
(DMOs) and media from a number of IOTWS member 
states. 

The workshop, among others, aimed to identify gaps 
and challenges between NTWCs and DMOs and 
to reflect on the role of the media in the tsunami 
warning chain, tsunami preparedness and response. 
To facilitate these analyses and reflections, the 
representatives from the participating DMOs and 
media outlets were asked to visualise the overall set-
up of the tsunami warning chain in their countries, 
indicating the main actors, decisions and the flow of 
information. 

The results provided interesting insights about the 
warning chains in the participating member countries. 
Despite the fact that in principle all tsunami-warning 
chains follow the same top-down logic, starting from 
a warning provider at a national or international 
level and are expected to reach communities at 
risk, considerable variety in particular set-ups was 
noticeable. The differences seemed to be linked to 
the specific situation in each respective country in 
relation to the particular level of risk, available lead 
time and institutional framework related to disaster 
management and early warning.
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Picture 2: Participants discussing warning chains

Graphic 4: Main actors involved and their roles in the tsunami-warning chains

The main actors involved in the tsunami-
warning chains
Although there are similar patterns regarding main 
actors and their roles in all warning chains (see Graphic 
6), significant differences were observed regarding 
the capacities of NTWCs, and how decision-making 
processes (calls for evacuation) were arranged and 
how the media was involved.
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Graphic 5: Warning chain with decision making for guidance at national level

Warning Services by NTWCs
Most countries in the Indian Ocean area 
have established NTWCs, although with 
different capacities. A number of countries 
have NTWCs with full detection capabilities 
for tsunamis. These countries operate their 
own networks of seismometers and ocean 
observation devices and have mechanisms 
in place to estimate the threat for their 
shorelines. Unsurprisingly, several of 
these countries (like Indonesia, India and 
Thailand) face a higher risk of near-field 
tsunamis. A number of smaller countries 
or countries with lower levels of risk (for 
example Kenya, Sri Lanka and the Maldives) 
have not developed their own detection 
systems, opting instead to operate NTWCs 
that rely on information from third-party 
sources, especially designated RTSPs. 

Often, an NTWC is hosted by a specialist 
agency (geophysical, meteorological) and 
not by an NDMO. Usually there is a clear 
division of tasks between the NTWC and the 
(N)DMOs, in which the NTWC is responsible 
to provide warnings, while the (N)DMOs 
are in charge of providing the necessary 
guidance to enable communities to react 
adequately. In this regard, it is critical to 
focus attention on the interface between 
both institutions. 

Going downstream: Warning 
dissemination and provision of 
guidance to communities
Issuing a warning without providing 
guidance is not effective. A core task in 
the warning chain is to decide whether 
to officially call for evacuation and trigger 
public alert systems, like sirens. Generally, 
it is understood that the sound of a siren is 
equivalent to an official call for evacuation. 
In the Indian Ocean area, most countries 
assign this task to either national or 
local DMOs. Thailand, however, does 
things differently, handing control of its 
nationwide siren system over to the NTWC. 
At the time of the SOP workshop in late 
2011, Timor Leste and Yemen had not yet 
defined decision-making mechanisms to 
provide guidance to their communities.

Among the countries with decision-making 
processes for evacuation at national level 

are Malaysia, the Maldives, Myanmar, Sri 
Lanka and Tanzania. Despite centralised 
decision making being easier to organise, 
it still requires the involvement of local-
level actors, who are indispensable for 
the dissemination of messages to at-risk 
communities. 

Although a centralized decision-making 
process allows for the involvement of 
national media at an early stage to help 
provide guidance directly to communities, 
such a mechanism has not yet been 
established. According to the workshop 
results, national media outlets already play 
a role in many countries, but that role is 
limited to forwarding warnings from the 
NTWC. A number of countries have already 
developed formal procedures with national 
media (India, Indonesia, the Maldives, the 
Seychelles and Tanzania), while others have 
established only informal relations (Kenya, 
Sri Lanka, Timor Leste and Yemen).

Countries that have developed decision-
making processes for evacuation at the 
local level, such as India, Indonesia, Kenya 
and the Seychelles, face bigger greater 
challenge as they not only need to create 
capacity at local levels to be able to receive 
warning messages from national authorities 
and disseminate them to communities, but 
they also need to establish decision-making 
mechanisms that work 24/7.
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Graphic 6: Warning chain with decision making for guidance at local level

Picture 3: Emergency Operation Center in Bali, Indonesia

Setting up a warning chain with decision 
making at local levels has a number of 
implications (as illustrated in Graphic 5). It 
requires the NTWC to play a stronger role, 
especially in countries with a risk of near-field 
tsunamis, as it needs to establish direct links 
with a larger number of LDMOs. Secondly, 
the NTWC becomes the main source of 
information for the national media. Most 
probably, an NDMO would play only a minor 
role in the warning chain, if at all. Naturally, 
such a warning chain set-up assigns a 
central role to LDMOs. In principle there is 
nothing wrong with that, considering that 
a tsunami (impact) is ultimately a problem 
faced at the local level. However, there are 
two main drawbacks: Firstly, the short lead 
time especially in the context of near-field 
tsunamis requires keeping the warning 
chain as short and simple as possible, 
thereby favouring the implementation of 
a quick top-down mechanism when calling 
for evacuation. Secondly, experience shows 
that in order to enable LDMOs to fulfil 
their obligations, a fairly lengthy process is 
required to obtain political commitment at 
local levels to allocate sufficient resources 
for local warning services as well as to 
provide capacity-building programmes for 
local warning service providers. If these 
conditions can be met, this kind of warning 
chain is definitely the preferred option, 
as it will contribute to better tsunami 
preparedness at local levels.

Local warning services
Local 24/7 services or Emergency Operation 
Center (EOCs) are further key players in the 
warning chain. Depending on the overall 
set-up of the warning chain they will be 
involved either as decision makers in 
calling for an evacuation or they will “just” 
forward warning and guidance messages 
to the public. To ensure that a local EOC can 
perform its role, it must be provided with 
an appropriate mandate and authority, 
develop and approve required procedures 
and offer capacity-building training for 
managers and operators including the 
provision and maintenance of warning 
dissemination tools.

Ideally, a local warning chain should 
make use of existing networks rather 
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than establish a specific dissemination 
infrastructure for early warning. In the 
case of near-field tsunamis, it needs to 
be anticipated that strong earthquakes 
will usually lead to power failures, the 
breakdown of communication networks 
and chaos. However, local authorities must 
make sure that warnings and guidance 
reach their people even under such 
challenging circumstances.

Dissemination technologies
Immediate and direct dissemination from 
the authorities to the public is key to 
reaching the maximum number of people in 
the shortest time possible. Using a variety of 
methods to deliver a message is necessary 
to counteract the possible failure of any one 
channel. Local dissemination technology 
must be resistant to failures caused by 
earthquakes. It, therefore, requires a power 
back-up system. Radio communication 
(via VHF or FM radio stations) has proven 
to be most reliable. Remotely-operated 
sirens and loudspeakers allow for direct 
dissemination to the public. Cellular phone 
networks often break down and do not 
qualify as a single solution.

Dissemination solutions must be in line with 
local resources, especially for maintenance. 
Using well-proven and already established 
dissemination systems is often better than 
setting up new ones that are intended only 
for tsunami warning. Tailor-made solutions 
for dissemination are required. They 
depend on the geography of an area and its 
population distribution. The success of local 
dissemination systems does not merely 
depend on technical solutions; the public 
must also be informed about how they can 
receive information well in advance of any 
specific emergency.

The role of media
Television and radio stations can play a 
crucial role in the tsunami warning chain as 
they are capable of immediately spreading 
information over a wide area. Nevertheless, 
involving the mass media requires a 
long-term strategy to develop relations 
and create the required pre-conditions 
to enable broadcasters to disseminate 

warnings and provide relevant information 
to the public during a tsunami emergency. 
These include a proper understanding of 
the warning system and its warning services 
and products, standard procedures for 
receiving and disseminating warnings from 
the NTWC, the development of appropriate 
and easy-to-understand visual warning 
formats on television screens and back-up 
communication channels from the NTWC 
to each broadcaster.

It is quite common that once a warning 
has been issued, the media will seek first-
hand information from respective warning 
providers to keep their audiences updated. 
Special policies and agreements should 
be defined to ensure that media outlets 
obtain access to relevant background and/
or updated information by the NTWC or 
NDMO without disrupting the ongoing 
and critical operations in their emergency 
rooms. To be available to the media is 
essential during any ongoing tsunami 
warning process, as most probably different 
information will quickly begin to circulate, 
especially via international news channels, 
Internet websites and social networks. 
Almost certainly, such information will differ 
in content as it will come from different 
sources and might even be contradictive 
or false. Hoaxes have frequently been 
observed in relation to tsunami threats, 
which means that disseminating official 
and accurate information is an essential 
task for warning providers. 

As the media plays a big part in people’s 
lives as their main source of information, 
the role of the media is not only limited to 
reporting news about disasters that have 
already occurred or to forward warnings 
but also to improve people’s knowledge 
about disaster preparedness and, in 
particular, to inform and explain to people 
about the national tsunami early warning 
system, warning services and products.

A very impressive example of the successful 
cooperation between an NTWC and a 
national TV broadcaster is the NHK channel 
in Japan. Within the IOTWS, several countries 
already involve TV and radio broadcasters 
in their national warning chains. 
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Learning from experiences and 
exercises 
Every genuine tsunami warning that has 
been issued offers an important opportunity 
to check whether the respective warning 
chains really work and what needs to be 
improved. A thorough analysis of the 
warning process based on evidence, 
interviews and discussions with operators, 
managers and decision makers at all levels, 
as well as quick assessments on community 
reactions and public understanding, should 
be initiated directly after each event.

At other times, simulations and drills 
constitute exercises to test and improve 
the degree of preparedness of the involved 
institutions and communities in order to 
react efficiently and in a timely manner to 
an event, to test the soundness of SOPs, 
to improve inter-institutional coordination 
mechanisms and to promote awareness of 
response procedures. Simulations usually 
refer to more passive exercises whereby 
SOPs are put to the test to identify their 
strengths and weaknesses, but no actions 
take place in the field. Drills refer to field 
exercises that test the effectiveness of SOPs 
and response capacities in a controlled 
way. Simulations and drills follow similar 
procedures regarding planning, but drills 
are more complex in the preparation for 
their execution, involving the mobilisation 
of people and resources. Simulations and 
drills, typically for evacuation training, can 
be executed at any level from an institution, 
such as a single school, to a municipality. 
All participants and others who may be 
affected need to know that the action is 
only a drill or exercise.

Building a common understanding 
of the system
Ultimately, the performance of end-to-
end warning systems will be measured 
by the ability of at-risk communities and 
local authorities to translate warnings into 
protective action. This will only work if the 
end-users of the system, i.e. those people at 
risk, thoroughly understand the warnings 
and guidance and know what to do. As 
warning systems are often perceived as 
networks of technical devices rather than 
systems that, in fact, depend greatly on 
human capacities and skills, systematic local 
preparedness planning, agreed procedures, 
decision-making capacities and a common 
understanding of what to do and how to 
react, it is important to explain how the 
systems work, including what they can and 
cannot do.
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PREPARING 
COMMUNITIES

Background
The Indian Ocean tsunami during Boxing Day of 26 
December 2004 had caught the world by surprise.  
The giant tsunami wave spread resulted the striking 
of almost 230,000 death tolls. Communities in Aceh 
and Nias, was severely impacted being closest to the 
epicenter and reaching 128,645 casualties, more than 
37,000 missing and 532,000 displaced. The number of 
casualties added as the wave continued to hit India, 
Maldives, Srilanka, Bangladesh, Somalia, Tanzania, with 
a total of 12 tsunami affected countries in the Indian 
Ocean basin.  Even the small islands of Seychelles 
in the west of Indian Ocean were inundated by 2-4 
meters tsunami height, from an epicenter stretched 
5,000 kilometers away from this region. Before 2004, 
communities inhabiting the Indian Ocean coastlines 
barely constructed perceptions towards tsunami 
risks.  Very few had sustained traditional knowledge 
of past tsunami history and had in fact saved by such 
knowledge. Among the communities are people of 
Simeulue Island in Aceh.  Almost the entire villages 
in the island managed to escape the killing wave. 
But unfortunately, communities in general were not 
aware of the threat, not mentioning what to do or 
where to go, and how to save lives. The 2004 tsunami 
event is a critical turning point for communities 
throughout the basin to construct a new concept: 
prepare for tsunamis. A decade after the catastrophe, 

Picture 4: A school teacher showing where the Indian Ocean tsunami 
2004 inundated the schools in Seychelles, reaching above one of the class 
entrance door
(Photo courtesy: Irina Rafliana)
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efforts in defining and strengthening 
preparedness on the future tsunami threat 
was immeasurable. The inauguration of 
the Indian Ocean Tsunami Warning and 
Mitigation System is one of the important 
milestone marking huge efforts, which 
Indian Ocean countries had put up. 

After the establishment of the system, 
more attention was made to the last 
mile of the warning, which is community 
preparedness. Common understanding 
was built to ensure community benefits 
most from the development of the system.  
Taking experiences of further following 
tsunami events after 2004, it was gradually 
understood that only when community can 
recieve timely warning information, react 
timely and effectively on the information and 
posses the skills and know-how in reducing 
risks, can the system be contributive. The 
main objective of an early warning system 
is “to enable individuals, communities and 
organisations threatened by a hazard to 
prepare and to act appropriately and in 
sufficient time to reduce the possibility 
of harm or loss” (UNISDR 2006). Warnings 
need to be understandable to those at risk, 
taking into account the social and cultural 
characteristics of the target audience, 
and need to include guidance on how 
to act upon warnings (UN 2005).  But the 
question arises.  With the system in place, 
are communities now better prepared.

How Understanding Risks 
Help Communities Build Their 
Preparedness
Risk knowledge varied in different 
communities.  The risk knowledge is 
constructed by past experiences as 
well as current risk information, which 
communities receive and accept.  Although 
living in tsunami threat areas, communities 
do not necessarily build their preparedness. 
And along the time, society and their 
environment keep changing, which result 
a continuous change of risk, and how risk 
are perceived. Therefore, it is important 
to encourage continuous understanding 
of risk, as risk-scape itself often changes 
throughout time, following the social 
changes as well. 

In 1945, the earthquake in Makran 
subduction zone had triggered tsunami 
in Pakistan, causing 100 casualties.  The 
2005 Kashmir earthquake had become a 
reminder for communities in Pakistan to 
build and maintain preparedness, but in 
the condition where natural safeguards 
such as mangroves have been reduced 
since 1933.  Communities’ awareness and 
preparedness had decreased throughout 
time although they have already 
experienced such devastating catastrophe.  
Smaller events had become reminders and 
may temporarily increase awareness but 
again throughout time, the long term high 
impact low probability of tsunami event are 
dangerously potential to be forgotten from 
communities’ daily lives. 

The knowledge on large wave from 
the sea was known as Smong, in one 
particular island in Aceh named Simeulue.  
Smong is interpreted as ‘if you feel strong 
groundshake, run to higher ground 
because a giant wave from the sea might 
attack’. During 1907, a tsunami wave hit 
the villages in this island and resulted 
casualties.  The memory was preserved and 
used a century later, and thus the 2004 large 
tsunami attack had very minimum impact 
to loss of lives (out of 10,000 population, 7 
died from tsunami or from tsunami impact 
such as heart attack).   When the 2003 
earthquake, the 2005 earthquake with 
tsunami and the 2005 earthquake without 
tsunami had occurred, the response of the 
Simeulue communities are the same, run 
to higher ground, and thus became an 
institutionalized preparedness.  Although, 
a challenging question arise whether 
the same preparedness will remain, if 
the past tsunami event was beyond 100 
years ago.  The tradition was passed 
through generations using oral stories and 
lullabies.  But with current social changes, 
the oral tradition is hugely replaced by 
digital information and technologies. It 
is therefore important to re-assess risks, 
not only building the preparedness based 
on past or historical knowledge, although 
historical knowledge is crucial too. 

Another important consideration is the 
possibilities that communities being 
intervened by too many varied risk 
information.  As knowledge and science 
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developed, more approaches in assessing risks and 
risk information also grew in advance.  If there is 
several risk information, which communities need to 
consider, a science-policy makers-public consensus 
may be needed to decide which and how the available 
information best suit the purpose of the knowledge, 
which is to save lives. Assessing Preparedness

Picture 5: Elder citizen interviewed for his experiences of 1907 Aceh-Simeulue tsunami.  Photo Courtesy: Herry  Yogaswara

Graphic 7: Useful framework on community preparedness set up, a case study from Indonesia. 
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There are many useful tools to use in assessing 
preparedness. UNESCO and the Indonesian 
Institute of Science developed one of the 
tools in 2006.  The tools are developed to 
meet the critical parameters when assessing 
preparedness, namely 

(1) Knowledge and Attitude, 

(2) Policy Support, 

(3) Emergency Planning, 

(4) Warning Systems, and 

(5) Resources Mobilizations.  

The assessment can be made for individual 
assessment, family, school institutions, 
community and even local government.  
Knowledge, based on risk understanding is the 
basic requirement to achieve preparedness.  It 
can relate with historical knowledge on past 
tsunami events, or current knowledge based on 
research findings by the country’s authorized 
scientific institutions and complemented 
by relevant knowledge on tsunamis. This 
knowledge is then to be translated into certain 
attitudes such as preparing emergency kit bag, 
and other simple and concrete actions. For 
community and government preparedness, an 
assessment is made to look at the existing policy 
support. Policies for tsunami preparedness 
would include existing regulations and manuals 
to refer for preparedness measures. 

This is of course based on adequate knowledge 
on tsunami and tsunami risks.  With sound policy 
support, schools and communities can enhance 
emergency planning such as evacuation 
routes; identify safe areas and prioritizations 
for vulnerable persons when evacuations need 
to take place.  As an integral part, the warning 
system needs to be established by communities, 
school and government.  Related and agreed 
warning signs, messages and infrastructures 
should be discussed and exercised. At the end, 
the following parameters may only be achieved 
if there are resources mobilized based on 
existing capacities of each individuals, school 
communities, local communities or even 
local government.  It can be in many forms of 
training participations, reserved funding or 
other means or resources to be used.  The tools 
can aggregate the preparedness of individuals, 
communities in villages/municipalities, schools 
and local government. The aggregate will 
show the lack of preparedness of individuals 
contribute to the lack of preparedness of 

schools and government, and also vice versa.  

Since 2006 to 2013, there are more than 100 schools 
assessed using this tools, and more than 25 cities/
districts high prone area for tsunamis in Indonesia are 
assessed as well.  In overall, the level of preparedness 
is remaining moderate to low. Few have proven in a 
promising level of preparedness such as Padang or 
Bantul. 

Lessons from the

First Mile –Padang

In Padang-West Sumatera, Indonesia, a Local 
NGO named Kogami (Komunitas Siaga Tsunami 
or Tsunami Prepared Community) had used 
the assessment tools.  The assessment index 
for this tsunami prone city was 63 (almost 
prepared, conducted in 2006). Followed the 
assessment, Kogami facilitated communities 
with strategic preparedness interventions 
and develop communities models named KPB 
(Komunitas Penanggulangan Bencana or 
Community Disaster Management) and KSBS 
(Kelompok Siaga Bencana Sekolah or School 
Disaster Prepared Team), to communities at risk.  
The intervention were using the result of the 
assessments and take careful consideration on the 
weakest parameter.  Kogami also modified and 
enrich the interventions beyond preparedness 
measures such as discussing resilience, building 
self-helpfulness and contingency planning.  Based 
on Kogami’s rapid assessment after 30 September 
2009 Sumatera earthquake, members of KPB 
and KSPB had effectively responded to the event.  
Emergency response and evacuation took place, 
including obtaining information and distributing 
relief assistances.  The exercises, clear evacuation 
signs and routes had helped guiding communities 
to safe place.  Albeit the success, there were lack of 
knowledge transfer to other communities which 
was not intervened. Although much to be done 

on preparing communities, but through diagnosing 
the preparedness profiles and by paying attention 
to the weakest parameter, disaster managers can 
start prioritizing their intervention efforts with more 
clear guidance.  Gradually a more comprehensive 
intervention and capacity strengthening should be 
continued by all relevant stakeholders, be it disaster 
managers and communities themselves. 



PREPARING COMMUNITIES 29

Bangladesh
The traumatic exposures of the 2004 Indian Ocean 
event through different media, although it did not 
create severe impact, had raise awareness in many 
stakeholders in different levels, from government, 
to media and international as well as national/
local NGOs working in Bangladesh.  As an impact 
to this, people responded positively to tsunami 
preparedness issues and warnings.  The following 
major Sumatera earthquake, September 12, 
2007 had caused the launch of tsunami warning 
by the Government of Bangladesh through the 
Bangladesh Meteorological Department.  This 
warning, the first in kind, was responded by 
massive evacuation in Bangladesh coastal areas.  
The event did not bring any tsunami impact, and 
thus, being acknowledged as a ‘false warning’.  
Consecutively, a cyclone event happened in 
the following couple of months, November 15, 
2007, and communities responded the warning 
skeptically. As a result, more than 3,000 casualties 
were counted for this single event.

The April 11, 2012 Sumatera 
Outer Rise Earthquake
The outer-rise earthquake on April 11, 2012 had 
triggered activation of tsunami warning system 
in Indonesia. The earthquake was triggered 
by an unpopular source, which is outside the 
Sumatera/Sunda subduction zone.  Nevertheless, 
the warning information went out to public in 5 to 
12 minutes, from the National Tsunami Warning 
Center, accordingly to the center’s Standard 
Operating Procedures.  The national media also 
broadcasted the warning information, but the 
reaction of communities varied.  In Aceh 2004 
tsunami affected areas, communities flee in panic 
toward inland and mostly using vehicles, causing 
severe traffic jam.  In Padang-West Sumatera 
communities without direct tsunami experience, 
there are still a lot of communities refuse to 
evacuate although admitted that they receive 
warning messages from media, community radio 
network or the siren.  Provincial government in 
West Sumatera argued the conflicting source 
whether it will generate tsunami or not, since 
the popular education had never mentioned 

Communities and Their Response to Warning 
Messages
The casualties from the 2004 Indian Ocean tsunami 
event was assumed as a result of the absence 
of appropriate risk management, including the 
absence of tsunami warning system. The technical 
components of the Indian Ocean Warning System 
(IOTWS) had been advanced in its technological 
aspects, but the so-called ‘last mile’ components are 
still compromised.  Learning from the most current 
earthquake and tsunami events in the past 9 years, 
communities tend to respond differently as the 
‘system’ would expect.  But it is also important to 
understand how communities respond to warning 
messages.  Communities respond to warning systems 
and warning messages established as part of the risk 
reduction effort have strong relations on how they 
perceive risks.  Their respond also have a lot to do with 
how much they trust the system to help saving lives. 

In most Indian Ocean countries, the tsunami 
threats are not always distant from its source.  Local 
tsunamis are also part of the ongoing threat.  And 
aside tsunamis, the countries also face other coastal 
threat, which at the end confuses communities in 
understanding and responding towards warning 
messages.  In Pakistan, the warning message for 
tsunami was already established.  But due more 
frequent hazard such as cyclone, the warning system 
including it communication system is also used for 
the PHET Cyclone in 2010 and the flood in 2010 at the 
similar coastal area.  
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an outer-rise scenario for triggering evacuation 
orders, thus decide not to activate their siren.  
This particular event had vividly demonstrated 
how communities and local government made 
different and unpredictable choices to respond 
real events, compared to drills and exercises.

Education in Schools, Communities and Local 
Authorities
Individuals, families, schools, local communities 
and local authorities reflect what we mean by 
communities.  Community preparedness should be 
embraced by each and every part of the community. 
The main ingredient in facilitating education in 
schools, communities and local authorities are at least 
two, understanding the social-cultural context of the 
communities, and communicating risks using existing 
local knowledge, as well as contemporary or scientific 
risk information but translated to be user-friendly 
languages.

Education materials also grew as a continuous need.  
These materials can be in many forms, from books 
and leaflets, to more contemporary forms such as 
info-graphics, animation, games, which are more 
interactive.  Different individuals, families, schools, 
communities, private sectors and authorities have 
their different preferences on the materials.  There are 
hundreds of published education materials and the 
presentation of different materials are growing in a 
more creative sense, which are leaning more towards 
the need of the users rather than the interests of the 
material developers or education practitioners.  

In Pakistan 2009 for example, a workshop on 
preparedness for tsunami and coastal hazard risk 
reduction was introduced, to discuss the risk and 
related measures of preparedness.  Following, 
comprehensive awareness campaign and capacity 
building was conducted, taking careful considerations 
on the least literacy villagers and various related 
stakeholders.  School campaigns took place engaging 
more than 18,000 students and teachers in five 
districts.

Although there seems to be a low probability of a 
tsunami threat, South Africa has not been complacent 
about it and actively engaged in an interactive 
outreach program aimed at schools and communities 
along the coast. These programs engaged the learners 
and their parents within the presentations, by helping 
them to create an earthquake, etc, and tried to explain 
the science behind the tsunamis as well. Brochures 
were also handed out explaining what to do in the 
case of a tsunami.

Evacuation Strategies and Planning
GITEWS had concluded through extensive technical 
assistances in several pilot areas in Indonesia that it 
is crucial for each individuals to understand how to 
escape from tsunami from time to time, as part of 

Picture 6: Participatory Hazard Mapping, and other related 
community preparedness & emergency response
activities in Sri Lanka

Picture 7: Tsunami reparedness workshop with students in South 
Africa
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its preparedness.  Evacuation plans therefore is an 
essential tool to provide guidance to individuals 
and communities at risk.  Simple and solid method 
therefore should be considered in planning 
evacuation.   Part of the Guidebook of Tsunami 
Evacuation Planning developed by GIZ-GITEWS had 
included the five steps approach: (1) prepare for 
planning, (2) understand your communities at risk, 
(3) design evacuation strategy and map, (4) assess, 
endorse and disseminate evacuation plan, and (5) 
test, evaluate and improve your evacuation plan.

It is important to understand that evacuation strategy 
and planning is a continuous process, and will not 
result an expected output if only introduced once 
or if not using a participatory approach.  Even when 
evacuation strategies and planning already take 
place, it is important also to anticipate that the natural 
reaction of communities at risk during real event tend 
to be chaotic and carrying potential normalcy biases.  
This understanding is not to discourage a proper 
planning, but the other way around, it emphasizes 
that continuous improvement and evaluation based 
on exercises and real event is crucial.  After developing 
evacuation planning, communities can bring the 
agreed plans into regulatory endorsements and/or 
wider socialization efforts.  Nevertheless, the planning 
should not disregard sound risk information such as 
hazard and risk maps as the foundation of developing 
such planning. 

Picture 8: Education materials developed by Indonesia, Thailand, Timor Leste and Philippines as part of the UNESCO-UNESCAP 
project, and the Regional Workshop on Tsunami Education Materials in Jakarta, 2011.

In Pakistan 2009 for example, a workshop on 
preparedness for tsunami and coastal hazard risk 
reduction was introduced, to discuss the risk and 
related measures of preparedness.  Following, 
comprehensive awareness campaign and capacity 
building was conducted, taking careful considerations 
on the least literacy villagers and various related 
stakeholders.  School campaigns took place engaging 
more than 18,000 students and teachers in five 
districts.
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Although there seems to be a low probability of a tsunami threat, South Africa has not 
been complacent about it and actively engaged in an interactive outreach program aimed 
at schools and communities along the coast. These programs engaged the learners and 
their parents within the presentations, by helping them to create an earthquake, etc, and 
tried to explain the science behind the tsunamis as well. Brochures were also handed out 
explaining what to do in the case of a tsunami.

Evacuation Strategies and Planning
GITEWS had concluded through extensive technical assistances in several pilot areas in 
Indonesia that it is crucial for each individuals to understand how to escape from tsunami 
from time to time, as part of its preparedness.  Evacuation plans therefore is an essential 
tool to provide guidance to individuals and communities at risk.  Simple and solid 
method therefore should be considered in planning evacuation.   Part of the Guidebook 
of Tsunami Evacuation Planning developed by GIZ-GITEWS had included the five steps 
approach: (1) prepare for planning, (2) understand your communities at risk, (3) design 
evacuation strategy and map, (4) assess, endorse and disseminate evacuation plan, and (5) 
test, evaluate and improve your evacuation plan.

It is important to understand that evacuation strategy and planning is a continuous 
process, and will not result an expected output if only introduced once or if not using a 
participatory approach.  Even when evacuation strategies and planning already take place, 
it is important also to anticipate that the natural reaction of communities at risk during 
real event tend to be chaotic and carrying potential normalcy biases.  This understanding 
is not to discourage a proper planning, but the other way around, it emphasizes that 
continuous improvement and evaluation based on exercises and real event is crucial.  After 
developing evacuation planning, communities can bring the agreed plans into regulatory 
endorsements and/or wider socialization efforts.  Nevertheless, the planning should 
not disregard sound risk information such as hazard and risk maps as the foundation of 
developing such planning. 

Graphic 8: The five step approach in developing tsunami evacuation planning developed in Indonesia.
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Graphic 9: Example of tsunami evacuation procedures in Bali-Indonesia.

Drills and Exercises
Drills and exercises is an effective tool to test 
preparedness and response.  This is important 
to reflect and evaluate the improvement of 
preparedness effort in different levels.  The exercises 
can establish general aims such as strengthen 
tsunami preparedness, with specific purposes such 
as testing the understanding or warning information, 
dissemination system, evacuation routes and specific 
operating procedures. 

Tsunami drills and exercises have been conducted 
more often or even on regular basis after the Indian 
Ocean tsunami in 2004.  Indian Ocean countries also 
participated the Indian Ocean Wave Exercise 2009, 
2011 and 2014.  The collective evaluation report from 
local communities, local government and National 
Tsunami Warning Centers (NTWC) will help improve 
the preparedness, which is the ultimate goal of the 
establishment of the warning system.  
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Going Beyond Preparedness: 
Tsunami Resilience and 
Mainstreaming Tsunami Risk 
Reduction into Development 
Policies and Practices
Policies implies to the government role 
in taking or not to take actions, based on 
information.  Tsunami risk information 
and risk assessment if communicated 
effectively, may help enhance appropriate 
action or prevent unwanted actions at the 
policy level, for example in strengthening 
the development plans and programs.  This 
will help communities to improve better 
livelihood beyond preparedness measures, 
as risk are incorporated in wide aspects of 
public facilities, infrastructures, education, 
health, economy, and related development 
programs.  For example, an informed policy 
maker would incorporate tsunami exercises 
and tsunami risk reduction into their public 
education policies.  Or the coastal protection 
and tsunami awareness can be part of the 
tourism sector. The long return period of 
every tsunami event needs to be translated 
to the long-term development planning as 
well.  In a longer turn, community resilience 
can be achieved.  

Tsunami risk assessment needs full 
engagement of different stakeholders, in 
order to ensure adequate understanding 
on the relations and interests of risk 
information to different development 
sectors.  Unfortunately, such engagements 
are often avoided, due to limited resources 
and time to constraints. Therefore, related 
sectors find it less relevant to be engaged 
in tsunami risk reduction efforts. 

Picture 9: Elders and communities with special needs also join 
tsunami drill in Indonesia.  Photo Courtesy: LIPI, 2008 
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