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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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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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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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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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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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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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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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