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Introduction

Human and economic losses caused by natural disasters are on the rise and continue to pose a major
obstacle to sustainable development and the achievement of the Millennium Development Goals. Add to
that, pledges to mitigate the risk of natural disasters are also on the rise though actual implementation is

still slow.

Coinciding with the celebrations of the World Day for Natural Disaster Risk Reduction, the Oman National
Commission for Education, Culture and Science organized, in collaboration with Sultan Qaboos University,
a Seminar on “Natural Disaster Risk Reduction” under the auspices of His Excellency Dr. Ahmed Moham-
med Salem Al-Futaisi, Minister of Transport and Communications, during the period from 28 to 29 October
2013 in an effort to consolidate more awareness about the importance of natural disaster risk reduction

and encourage those in charge to develop plans and policies to give more attention to such vital issues.

Objectives

e Promote awareness about and realization of the prospects of natural disaster risks and ways to

mobilize national and international resources.

e |dentify trends and priorities in the work at the international, regional and national level to ensure

the implementation of the International natural disaster risk reduction Strategy.

e Exchange experiences and learn from good practices related to natural disaster risk reduction

world initiatives.

Themes

e Natural disasters (preparedness, response and management).

e C(Climate changes and their relations to natural disasters.

e Protection of cultural heritage from the effects of natural disasters.

e The role of education and awareness in mitigating the risk of natural disasters.

e Multi-warning systems and natural disaster management in the Sultanate of Oman.

>
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Expert speakers

A group of experts from the Sultanate of Oman, some Asian countries bordering the Indian and the Pacific

Oceans, and UNESCO (Paris, Jakarta, Australia) Participated in the seminar

Participants

Specialists from the government, private sector, civil society, teachers and university students from the

Sultanate of Oman Participated in the seminar.

Organizers

The Oman National Commission for Education, Culture and Science (Ministry of Education) and Sultan

Qaboos University

Collaborators

The National Commission for the International Hydrological Program (Ministry of Regional Municipalities
and Water Resources), Ministry of Environment and Climate Affairs, the General Authority for Civil Avia-

tion and the Research Council.
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mohamed . s. Alyaqoobi
Secretary. General

The Oman National commission for Education, Culture and Science

We are all aware of the risks earth is exposed to by a variety of natural phenomena, and the impacts these
phenomena leave in the form of disasters and hazards. Some of these phenomena are sudden like earth-
quakes, some are predictable like hurricanes and adverse weather conditions, and some are constantly
evolving and last for long periods of time like drought and desertification. Despite the fact that these di-
sasters vary in terms of forms and causes, they have the same results: destruction, devastation, and loss
of lives and construction. They require joint and effective efforts to reduce impacts on the local, regional
and global levels. As there is a consensus on the forms of disasters, their causes and consequences, there
is also a consensus on the possibility of avoiding some of them, mitigate their impacts or controlling them
and minimizing losses. Most natural disasters are related to environmental degradations such as drought,
desertification and fires whether they are natural or not, since they originate from environmentally un-
friendly human activities, as well as other predictable disasters such as floods, earthquakes and hurricanes.
We can control the impacts of these disasters by preparing early, and taking actions and measures that
would reduce both the human and material losses. Perhaps early warning systems, and accompanying

awareness and the media are the only safety valve to reduce the risk of these disasters to the minimum.

During the period from 2002 to 2011, 4130 catastrophic events were recorded around the world due to
natural hazards. International reports indicate that more than 226 million people are affected by disasters
every year, and over the last forty years more than 3,300,000 people died, over 680,000 by earthquakes
only during the period from 2000 to 2010, as a result of these disasters. According to UNESCO sources, it
is possible to significantly reduce these losses. In East Asia and the Pacific, for instance, deaths caused by
floods and hurricanes were reduced by more than two-thirds since 1980. In this context, UNESCO indicates
that every dollar spent to avoid disasters and their impacts before they occur, seven dollars are saved of

the cost of responding to the effects of these disasters after they occur.

In 1989, the UN General Assembly endorsed the second Wednesday of October to be the International

Day for Natural Disaster Reduction. UNESCO has consistently encouraged Member States to celebrate the



International Seminar on Natural Disaster Risk Reduction ()

event each year in order to promote a culture of disaster risk reduction, preparedness and mitigation of
disaster impacts. The organization is used to launch a slogan every year to attract attention to its content
and raise people’s interest in it. This year, the focus has been on coping with disability and disasters to
draw attention to the disabled and take their particularity into account during disasters, even before they
occur in terms of providing the necessary facilities for them, and the appropriate awareness according to

their condition and needs.

In the context of reducing the risk of natural disasters, the Arab Organization for Education, Science and
Culture adopted an Arab strategy to mitigate losses caused by natural disasters. It has also adopted a goal,
within its plan for the years (2011-2016), that confirms the support to the Arab efforts to mitigate losses
caused by natural disasters and encourages scientific research related to causes of natural disasters to best

prepare for them and mitigate their impacts.

The Islamic Organization for Education, Science and Culture has shown prominent interest in its scientific
programs. The organization has organized a number of regional workshops on media and its role in times

of disaster,and the protection of coastal areas.

Here we meet today in the same room where the National Seminar on “how to deal with different situa-
tions caused by natural disasters” was launched in 2008. The seminar was held in response to the recom-
mendations of the regional workshop on “monitoring the environmental situation and confronting natural
disasters” which was organized in Muscat in 2007 in collaboration with the Islamic Organization for Educa-

tion, Science and Culture.

Believing in the universal message of the World Day for Natural Disaster Reduction, various events were
successively carried out by the Oman Commission for Education, Culture and Science in cooperation with
all parties. The events included interactive meetings, and regional and national workshops that focused
on activating the educational and media aspects to give more attention to this issue, taking into account
spreading awareness of the causes of natural disasters and the mechanisms of risk reduction to reach the
minimum in terms of potential losses. In conclusion, we hope that this seminar will be a brick added to the
efforts of local institutions concerned with responding to natural disasters, in order to raise awareness on

the right and appropriate response to each event away from hype or complacency.

| also extend my deep appreciation to the distinguished experts who provided the working papers and to
the participant authorities led by Sultan Qaboos University, Ministry of Environment and Climate Affairs,

Ministry of Regional Municipalities and Water Resources, the General Authority for Civil Aviation and the

SSEOSOTOSOSTIZOT
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Research Council.

Our thanks go to all institutions and government agencies both from the civil and military sectors, and to

all private institutions that participating.

We wish the participants in the seminar all success, and that this seminar yields further cooperation be-
tween concerned institutions to reach better preparedness and full awareness that lead to the optimal

response during disasters and crises asking God, who is over all things, to spare us all harm.

Thank you all
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Building School Capacity in Disaster Risk Reduction
Ardito M. Kodijat
National Programme Officer
Disaster Risk Reduction and Tsunami Information Unit

UNESCO Office Jakarta

Presented at:
International Seminar on Natural Disaster Risk Reduction Muscat,
28-29 October 2013

Asia is extremely prone to disasters, and it experiences a range of natural disasters from earthquakes,
floods, storms and landslides compared to other regions in the world, further magnified by climate change.
In 2008, 98.85 percent of people killed by natural disasters were from Asia, with women and children being
the most vulnerablel. The toll taken on the lives of children, the school infrastructure, and the educational
opportunities lost with the increasing frequency of natural disaster events are worrying. There are increas-
ingly consideration on mainstreaming disaster risk reduction measures into education sector in recently
years through integration of disaster risk reduction into school curriculum, building capacity of school
teachers and education officers on disaster risk reduction and organization of public awareness activities

on disaster risk reduction to school children and institutionalization of school disaster safety programmes

Even there much effort to initiate on mainstreaming disaster risk reduction into education sector in differ-

ent countries, it has not overcome the substantial and comprehensive achievements yet, due to:

e Lack of standard curriculum on disaster risk reduction to be suitable to different grades. Many ac-
tivities of DRR education is not formally integrated within any school curricula. To introduce DRR into
schools and educate students on preparedness and response skills, the realization of this plan will take
longer time. In addition, the education sector is also lacking of guidelines, tools, how to integrate CC

and DRR into syllabus/curriculum.
e Lack of capacities of human resources in education sector that has been exposed to DRR
e Disaster risk reduction concept in education is relatively still new.

The concept of Building School Capacity in Disaster Risk Reduction is built based on UNESCO framework

1- IFRC World Disasters Report stated that it is expected that up to 175 million children every year will be affected by disasters brought about by climate change

SSEOSOTOSOSTIZOT
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on Disaster Risk Reduction Education (DRRE) work as well as on UNESCO Office Jakarta’s extensive experi-

ence in appropriate and sustainable school-based disaster preparedness and promotion of safe schools.

UNESCO together with all key partners supporting Priority 3 of the HFA, promote a comprehensive frame-
work to DRR education based on the following three core pillars: 1) Safe Educational Facilities : including
site selection, safe access (functionality), safe construction and retrofit (global structural and local struc-
tural), and non-structural safety; 2) School Disaster Management: including standard operating proce-
dures, ongoing school-based planning for risk reduction and educational continuity, drills education sector
planning taking into account DRR; 3) Disaster Prevention and Risk Reduction Education: the integration of
DRR into teaching and learning, including DRR in formal school curricula and non-formal education within

the framework of Education for Sustainable Development and child friendly schools.

In Indonesia, UNESCO office Jakarta has worked with local communities and institutions as partners in
implementing the School Disaster Preparedness Model (SDPM). This innovative model, jointly developed
by UNESCO Office Jakarta and the Indonesian Institute of Sciences (LIPI) with the support of the United
Nations International Strategy for Disaster Reduction (UNISDR), aims to assist schools in reinforcing and
building their capacity in knowledge and attitude, school policy, emergency planning, school early warn-
ing systems, and school’s resource mobilization capability, emphasising existing mechanisms. This model
has been successfully piloted in over 50 sites most exposed to frequent natural hazards in Indonesia. The

model is now positioned for national institutionalization and standardization.

The SDPM is based on the premise that prepared schools and its communities will know how to prepare
to, respond to, and recover from disaster by having DRR programmes and activities before disaster, plans
ready for emergency response and evacuation during disaster; and school recovery plans after disaster.

Therefore, the model focuses on two main components:
School capacity to prepare to, response to and recover from disaster
School site, building structure, infrastructure and facility to cope with disaster when it strikes

In building the capacity of the school, this model focuses on developing: a) School Standard Operating
Procedures; b) School action plan and policies; c) School DRR programme and activities; and d) School
disaster management team. The SDPM took these as parameters to be achieved to measure the level of
disaster preparedness of the schools. The model also integrates local culture, knowledge, and wisdom as
part of the intervention to make sure that the outcome will not only benefit the schools but also contrib-

ute to the community-based disaster risk reduction (CBDRR) efforts.



International Seminar on Natural Disaster Risk Reduction 14

The model has the advantage of targeting the most vulnerable local communities with limited resources

to manage disasters as it was developed with direct input from members of threatened small and medium

cities (towns or villages). The programme strengths are:

It is a capacity building and technical assistant programme; the programme provides not only training
and simulation but also focuses on the building: a) School Standard Operating Procedures; b) School
Action Plan and Policies; c) School Programme and Activities; and d) School Disaster Management

Team.
The programme will be based on existing resources and plans for progress.

The school-based disaster preparedness will sustain through embedding the activities into school pro-

gramme.

The activities will be based on local context / situation (culture, school capacity, school condition, loca-

tion, etc.)
The programme will create networking (among schools and with other organizations)
Strong involvement of Local Education offices and Local Disaster Management Office

A monitoring and evaluation programme will be also included to provide continuous support and ad-

vocacy (formal and informal)
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Earthquake and Tsunami Dissemination System for Public and
National Institution in Indonesia

By Karyono, BMKG Indonesia (2013)

Abstracts

Indonesia is prone to local tsunamis due to the fact that its coastline is generally very close to tsunami
sources. Local tsunamis can reach the shore in less than 30 minutes after an earthquake occurs. As the
tsunami hazard preparedness efforts, the government of Indonesia in cooperation with various parties
established the Indonesia Tsunami Early Warning System (InaTEWS). In term of InaTEWS, there are three
kinds of observation instruments, seismograph for earthquake observation, GPS for earth plate defor-
mation observation, and tide gauges, buoy, CCTV and tsunami radar for tsunami observation. Through
communication networks, data from these instruments are sent to the BMKG to be processed and used
as the basis for developing tsunami threat scenarios. The BMKG publishes earthquake information or tsu-
nami warnings within five minutes after an earthquake, which are followed by several updates and/or
an all-clear message. The warning messages contain the tsunami threat level by district: ‘Major Warn-
ing’ (Awas), ‘Warning’ (Siaga) and ‘Advisory’ (Waspada).”. The BMKG sends earthquake information and
tsunami warnings to the public via local governments, interface institutions, and the media, using various

communication channels.
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1. Background

“Indonesia is prone to local tsunamis due to the fact that its coastline is generally very close to tsunami

sources. Local tsunamis can reach the shore in less than 30 minutes after an earthquake occurs.”

InaTEWS formally launched at November, 11" 2008. InaTEWS produces Earthquake Information and Tsu-

nami Warnings. InaTEWS should disseminate Tsunami Warning within 5 minutes after earthquake.

Figure 1. InaTEWS Operational Center (indoor)

2. Instruments for Earthquake and Tsunami Observation

“There are three kinds of observation instruments, seismograph for earthquake observation, GPS for earth
plate deformation observation, and tide gauges, buoy, CCTV and tsunami radar for tsunami observation.
Through communication networks, data from these instruments are sent

to the BMKG to be processed and used as the basis for developing tsunami threat scenarios.

i. InaTEWS Design

The InaTEWS is the only official tsunami early warning system in Indonesia and, as such, all regions are
required to adapt to this system. Pursuant to Law 31/2009, only the BMKG has the authority to issue tsu-
nami early warnings. InaTEWS has two monitoring systems, namely:

1. Land monitoring system comprising the broadband seismometer network and GPS

SSEOSOTOSOSTIZOT
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2. Sea monitoring system consisting of tide gauges, buoys, CCTV, tsunami radar and under-the-sea ca-
ble. The observation results are sent to BMKG mainly using satellite-based communication system.

Principle 4s

ii. Instruments for earthquake observation

The main instruments of INnaTEWS to observe earthquake are the seismometer network and SeisComP3
software. Both these two instruments are used to gather and process initial data of earthquake parameter

which serve as the main data to generate tsunami warnings.

iii. Instruments for tsunami observation

e Buoy Network

e Tide Gauge Network
e CCTV Network

e Radar Tsunami

e GPS Network

iv. Processing and analysis - Decision Support System (DSS)

3. Sequence and Contents of Tsunami Warnings
Sequence and Contents of Tsunami Warnings

“The BMKG publishes earthquake information or tsunami warnings within five minutes after an earth-
quake, which are followed by several updates and/or an all-clear message. The warning messages contain

rn

the tsunami threat level by district: ‘Major Warning’ (Awas), ‘Warning’ (Siaga) and ‘Advisory’ (Waspada).’.

i. InaTEWS warning sequence

From the time an earthquake happens until the tsunami threat ends, the BMKG will issue four types of

warnings:
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1. Warning 1: Disseminated based on earthquake parameters and the estimated impact of the tsu-
nami reflected by warning level (Major Warning - Awas, Warning - Siaga or Advisory - Waspada) for
every affected district.

2. Warning 2: Contains updated earthquake parameters and, in addition to the warning levels in
Warning 1, also the tsunami wave’s estimated time of arrival (ETA) on shore.

3. Warning 3: Contains tsunami observation information, updated warning levels and tsunami arrival
times, which may be disseminated several times depending on the tsunami observations at the
tide gauge stations, the buoys, the CCTVs, and the tsunami radars.

4. Warning 4: Announces that tsunami early warning has ended (end of threat).

Figure 2: Tsunami early warning timeline for near field tsunamis

ii. Warning levels and advice for local governments

SSEOSOTOSOSTIZOT
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The impact of a tsunami can be estimated by using tsunami scenarios. The BMKG hosts databases contain-
ing several thousands of pre-calculated tsunami scenarios. The DSS uses the simulation system to rapidly
select appropriate tsunami scenarios in order to estimate the impact of a threatening tsunami. The esti-
mated time of arrival of the tsunami wave and the height of the tsunami wave at the shore are provided
by the scenarios as well. This prediction is updated each time earthquake and sensor data is updates. The
estimated height of the tsunami wave is then classified into three tsunami warning levels:

- Wave height of > 3 metres, warning level is Major Warning (Awas)
- Wave height of 2 0.5 and < 3 metres, warning level is Warning (Siaga)
- Wave height of < 0.5 metres, warning level is Advisory (Waspada)

No. Warning Level Advice to Local Government by BMKG

iii. Format of InaTEWS tsunami early warning messages

There are three formats of tsunami warning messages: short-text format (text message/SMS), long-text
format (fax, e-mail and GTS) and media format (website and WRS). These three kind formats are extracted
from xml and or Common Alerting Protocol (CAP) file.

1. Short-text format
Used to disseminate warnings via text message (SMS). The number of characters is limited to 160.
2. Long-text format

Contains more complete information and is disseminated via e-mail, fax and GTS. The outline of
the long-text format includes:

a. Header, indicating the source of the information, i.e., the BMKG as the official provider of
warning messages under InaTEWS.

b. Information content, which consists of three components:

i. First, the earthquake parameters

ii. Second, tsunami observation data, if already available

iii. Third, the warning level, estimated tsunami arrival time, and affected locations

c. Advice, containing recommendations to local governments regarding the appropriate response
3. Media/Graphical format for website and WRS at interface institutions and TV media

Contains information regarding EQ parameters, tsunami threat, affected areas, warning levels and
estimated time of arrival. It also includes a map indicating the EQ location and shakemap. The for-
mat is designed to be displayed on monitor screens and has a graphic user interface. Additionally,
a special graphic is provided to TV media.
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4. Dissemination of Earthquake Information and Tsunami Early Warn-
ings by the BMIKG to the Public and National Institution

The BMKG sends earthquake information and tsunami warnings to the public via local governments, inter-
face institutions, and the media, using various communication channels.

i. The tsunami-warning communication chain

The BMKG operates the Indonesian National Tsunami Warning Centre, and is the only designated govern-
ment institution responsible for issuing tsunami early warnings, which have two objectives: to trigger
evacuation if there is a tsunami threat and mobilize emergency assistance, if needed.

The BMKG issues tsunami warnings to interface institutions (media, local governments, the BNPB, police,
military, SAR and other institutions at national and local levels) through a 6-in-1 communication system.
These tsunami warning messages can also be accessed by the public through the mass media, the BMKG
website and social networks, such as Face book and Twitter.

All information about earthquakes and tsunami warnings is distributed by the BMKG through six separate
channels in parallel and is sent only when an earthquake of a magnitude greater than 5 on the Richter
scale occurs. Information about earthquakes of lesser magnitudes is posted on the BMKG website (www.
bmkg.go.id and http://inatews.bmkg.go.id).

In principle, the dissemination of warnings to the public is the responsibility of the institutions concerned
with disaster management. The BMKG is responsible only for preparing and issuing warnings to be dis-
seminated to the public via interface institutions. According to an instruction by the President of the Re-
public of Indonesia, which was announced at a press conference at the Anyer Marbela Hotel, Banten, on
July 20, 2006, it is the responsibility of the BMKG to prepare and issue a tsunami warning within the first
five minutes following an earthquake. After that, it is the responsibility of the various interface institutions
to disseminate the warning to people living in the area at risk.

ii. The BMKG’s warning dissemination system
How the BMKG distributes warnings

The following overview of the warning dissemination process used by the BMKG’s National Tsunami Early
Warning Centre offers a picture of the key issues. The BMKG currently uses six communication channels
(SMS, e-mail, internet, fax, WRS and GTS) to distribute tsunami warnings (Figure 28).

Principle 6

Dissemination of Earthquake Information and Tsunami Early Warnings the BMKG

SSEOSOTOSOSTIZOT
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Figure 3:Warning distribution system
SMS

SMS Tsunami Warnings and Earthquake Information are provided as a special service to inform people
who are involved in disaster management and decision-making at national and local levels (governors,
district heads, mayors, police, army, operation control centres, experts, and others) regarding all occurring
earthquakes of M > 5 RS and tsunami threats. Earthquake information and tsunami warnings are sent to
users who have registered their mobile numbers in the BMKG database. There are about 7000 registered
users until September 2013 .

E-mail

The e-mail service works in the same way as the SMS service, but using a different medium. In the event of
strong earthquakes (M > 5 SR) and tsunami threats, the BMKG’s warning dissemination system produces
a warning message using a long-text format and sends it to registered e-mail addresses. Target groups
are people involved in disaster management and decision-makers at national and local levels (governors,
district heads, mayors, police, army, operation control centres, experts, and others); however, anyone can
subscribe to the BMKG e-mail service. Currently about 500 email users is registered to receive information
from InaTEWS.
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Fax

Long-text format messages for earthquakes and tsunami threats are also distributed via facsimile. The tar-
get group is much smaller than those receiving SMS and e-mails, comprising only those people involved in
disaster management and decision-making at national and local levels.

Internet

The BMKG provides a website where the public can access information on earthquakes and tsunami
threats: www.bmkg.go.id and http://inatews.bmkg.go.id. Besides that, people can also access additional
information and disaster warnings, such as weather forecasting, information about waves and floods, etc.
BMKG provides also information on earthquakes and tsunami into public via Social Networks such as Face
book, http://www.facebook.com/infoBMKG (300.000 face booker) and Twitter http://www.twitter.com\/
infoBMKG (750.000 follower).

Warning Receiver System — WRS

A WRS service is used to distribute earthquake information and warning messages to registered WRS cli-
ents (the media, local government, the BNPB, police, army, emergency operation centres, other national
institutions, private companies, etc.). All local PUSDALOPS are expected to have a WRS installed in their
warning centres. The WRS is software specially designed by the BMKG for tsunami early warnings. A client
must have a personal computer with a continuous Internet link or a satellite connection system (DVB) to
the BMKG WRS server. Additionally, the WRS client can be used as a local dissemination server to send
warnings and advice to local stakeholders in a direct and systematic way. There are 245 WRS clients until
September 2013.

Global Telecommunications System — GTS

This is not a public server. The main function of a GTS server is to send information to, and communicate
with, other members of the World Meteorological Organization (WMOQO). The BMKG is a member of the
WMO. Figure 36 describes the warning dissemination chain from the BMKG to the community through
an interface institution. It is expected that interface institutions will continue the dissemination through
other institutions linked to them or directly to the public.

TV / Radio

Radio and television are the most common mass media channels used for the distribution of general infor-
mation to a wide area. In Indonesia, the government obliges all television and radio stations to broadcast
tsunami or other hazard-related early warnings, pursuant to the Decree by the Minister of Communica-
tions and Information 20/P/M.Kominfo/8/2006. Upon reception of the broadcasting request, the respec-
tive media stations will activate a high tone alarm (1kHz) combined with a text message on TV or an an-
nouncement, if transmitted by radio. Messages will be disseminated via TV and radio as long as necessary,

SSEOSOTOSOSTIZOT
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until the ‘End of threat’ message is given. Presently, the main national television stations are directly con-
nected to the BMKG Warning Centre and they broadcast earthquake information as running text and “Stop
Press”. Local radio stations are a good option for the dissemination of more detailed and location specific
messages. Local calls for evacuation could be broadcasted via local radio.

Almost every household and every car possesses a radio. Battery-powered receivers are cheap and widely
used. Local radio stations need to be notified through the official local warning centre. For communication
between the radio stations and local officials, separate means of communication that are safeguarded
against breakdowns and power failures, such as satellite phones or VHF radio, must be utilised.

Tsunami sirens operated by the BMKG

Sirens are among the most popular and widely used outdoor alerting devices. In Indonesia, based on a
joint protocol on sirens, sirens are considered as devices to deliver the call for immediate evacuation. As
of 2010, the BMKG had installed sirens in Aceh, West Sumatra, Bali, Bengkulu, Gorontalo, Manado, East
Nusa Tenggara, Maluku, Manokwari and Jayapura. Local governments are expected to continue with the
development of these sirens and to take responsibility for their control and maintenance, to ensure that
the sirens function properly in compliance with siren protocol. Control of the sirens in all these locations
was initially in the hands of the BMKG. However, according to Law 24/2007, specifically Article 12, the
BNPB is directly responsible to the public and is in charge of providing the public with information. In ad-
dition, pursuant to Government Regulation 21/2008, the BNPB and the BPBD are jointly tasked with co-
ordinating activities to save lives, making use of the information provided by the BMKG. This task division
between national and provincial levels is resulting in the control of sirens being gradually handed over to
local governments.

In 2010, the provincial governments of Aceh, West Sumatra and Bali assumed full control of their locally
based sirens, while those in the other locations are still operated by the BMKG. Siren control will remain
in the hands of the BMKG until such time that the BPBDs at a provincial level are ready to take over their
operation.
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Sirens Disadvantages of Sirens
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An Overview on Flood Studies in Oman

Dr. Aisha Mufti Al-Qurashi
Ministry of Regional Municipalities and Water Resources

Sultanate of Oman

Abstracts

Oman is classified among arid and semi-arid areas. The arid areas are known for their distinctive
hydrological features compared to those of humid areas. The high temporal and spatial variability of the
rainfall, flash floods, absence of base flow, sparsity of plant cover, high transmission losses, high amounts
of evaporation and evapotranspiration and the general climatology, are examples of such differences in
hydrological features between arid and humid areas. All these distinctive features have great effects on
the rainfall and flood characteristics.

The floods tend to be very flashy and can cause considerable damage to both lives and properties flood
studies have recently become one of the important fields. The rapid urban development in the Sultanate of
Oman and the climate change are expected to have great effects on the magnitudes and frequent of floods,
and hence, these have brought about the need for floodplain development planning and management.

The paper overview the flood characteristics and highlights the flood studies and management in Oman
and the efforts made to guide project design and city planning.

Key words: arid areas hydrology, Oman hydrology, flood studies.

1.Introduction

Oman is located in the South East of the Arabian Peninsula. Hence, Oman is classifies among arid areas
which have many distinctive hydrological characteristics.

The hydrological characteristics in arid areas are different from that of humid areas. The high temporal and
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spatial variability of the rainfall, flash floods, absence of base flow, sparsity of plant cover, high transmission
losses, high amounts of evaporation and evapotranspiration and the general climatology, are examples of
such differences in hydrological features between arid and humid areas. Hence, these differences lead to
different flood characteristics.

Generally, there are no continues floods in Oman but when it occurs it can be very high The floods in arid
areas are very rare but when it occurs they are very flashy and can cause severe damages. The flood peaks
can be very high as the records in different parts of arid areas shows. The recorded flood peaks in Oman
were greater than 10% of the wards maximum which means they should not be ignored in any study.
Hence, flood studies and controls became very important in all the areas that subjected to flood risk.

Oman is subjected to many different floods events that are differ based on intensity and type of storm
causing it, due to its location. Oman was hit by many severe floods during the history which caused severe
damages to properties and lives. The available information shows that Oman was hit by a sever cyclone
in the year 1890 which affected Muscat and the Batinah coast causing sever damages to properties and
lives, flowed up by many other severe floods and cyclones. The most severe cyclones that hit Oman were
Guno and Phet. Gonu Cyclone in 2007 which hit Muscat and Al-Shargiyah causing the most ever damages
to Muscat properties and infrastructure (upto 714 mm of rainfall in 24 hours and more than 900 mm in
36 hours, and about 8160 m3/s flood peak), followed by Phet in 2010, causing severe damages to Al-
Shargiyah.

The frequent flood and cyclone events and the rapid development in Oman made the flood studies very
important and essential in flood management and town planning as they led to better understanding of
rainfall and runoff characteristics and hence better flood management.

Flood risk control can be carried out by hydrological Analysis and flood management. Hydrological analysis
includes analysis of flood and rainfall data to assess peaks, rainfall analysis, rainfall-runoff analysis, wadi
flow analysis, and assessing different losses. Many studies were carried out to aid in selecting the design
flood for different projects. As the rainfall characteristics in the arid areas and Oman are different from
most other parts of the world, local data can provide better understanding of rainfall intensities and the
probable frequency with which they occur.

The flood management can be achieved by better understanding of the flood characteristics and requires
development of guide lines and standards that provides flood frequencies for wadi development locations,
producing maps that shows flood risk zones, forms a hydrological basis for evaluating and controlling
current and future development in flood risk zones and provides initial information for planning flood
control.

The paper overview the flood studies in Oman, highlighting the flood control management.

2. Climate and hydrology

Sultanate of Oman is located at the southeast tip of the Arabian Peninsula lying on the Arabian Sea and the
Sea of Oman. It is bordered by the United Arab Emirates, Saudi Arabia, and Yemen. Hence, it is classified
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among the arid areas.

Oman is classified among arid areas in which the hydrological characteristics are different from that of
humid areas. The high temporal and spatial variability of the rainfall, flash floods, absence of base flow,
sparsity of plant cover, high transmission losses, high amounts of evaporation and evapotranspiration and
the general climatology, are examples of such differences in hydrological features between arid and humid
areas, which lead to different flood characteristics.

Figure (1): Geographical Location of the Sultanate

The Climate in the Sultanate of Oman varies from region to another and from one season to another but
can be divided mainly into two seasons, namely:

Winter: which begins in November and last until April with mild temperature that rangs between (20 - 28
°C) in Muscat Governorate, (19 - 26 °C) in the interior region and (20 - 27 °C) in Dhofar Governorate, and
may decline in upland areas as in Jabal Al Akhdar, where the temperature average ranges between (8 - 14
°C). In this season the country is affected by thermal cycles which cause rainfall in the eastern parts of the
Sultanate.

Summer: which extends from May to October, and temperature average ranges between (27 - 37 °C) in
Muscat Governorate, (23 - 24 °C) in Dhofar Governorate, and drop to (17 - 23 °C) in Jabal Al Akhadar. The
highest temperatures are recorded in the interior, where readings of more than 53 °C in the shade are
common. During this season, the tropical climate moves to the north towards the Arabian Peninsula, and
the southwest monsoon affects the far south of the country and the south-east.

Rainfall in the3 Sultanate of Oman is highly variable, irregular and diversified. The total volume of rainfall
is 15,841 Mm /year, ( 51 mm/year) as a weighted average based on the rainfall volumes calculated for
each WAA. This figure is highly variable, ranging from 167 mm/year in Musandam WAA to 15 mm/year
in Haymah with a bias towards the large areas in central Oman with little or no rainfall (e.g. Haymah and
Najd). The largest volume of rainfall falls in the Andam-Halfayn WAA (Dakhliyah) with a total modelled
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amount of 2,986 Mma/year (88 mm/year).

There are four major ecosystems causing rain in the Sultanate, which can be summarized as follows:

e High air pressure caused by cold boundaries: It is common during winter and early spring, where it
leads to rain fairly constant in the northern parts of the country, and scattered showers of rain in the
central and south of the country.

e Tropical cyclones from the Arabian Sea: The thick cyclones originate over the Arabian Sea and reach
the Sultanate in an average of five years in Dhofar and ten years in Muscat, and lead to heavy rains on
the southern and eastern shores of the Sultanate during the months of May and December.

e Seasonal coastal currents: These currents are common during the period from June to September,
associated with surface currents over the Arabian Sea, where these currents are dominated by the
south-west current, and may be mixed partly with air current coming from the Gulf of Aden. Usually a
very narrow strip of coast between Aden and the island of Masirah is affected by this coastal current
and may penetrate the inland. As a result, the summer in the Governorate of Dhofar is characterized
by high humidity, a decrease in the level of evaporation and fog during the months of June and July.

e Convectional Rainfall: This kind of rain is the result of the presence of local convectional storms, which
can occur at any time during the year.

The average annual hours of sunshine is about 10 hours, except in the mountainous areas and areas
affected by the autumn season, where the number of sunshine hours declines. Wind average does not
change much in the Sultanate except during hurricanes events. In normal circumstances, the wind speed
is moderate, typically between 2 and 3 m/s in low areas in Al Batinah, Muscat and Salalah, while it is
between 4 and 5.5 m/s in other areas.

Evapotranspiration: The high summer temperatures and low humidity in the interior region allow
high evaporation conditions. The calculated annual potential evaporation for open water on average is
2,520 mm/year, the reference crop potential evapotranspiration is slightly less at 2,322 mm/year.

The total loss of water from all catchments in Oman is 12,553 Mm /year which gives an average of 41 mm/
year.

3. Floods in Oman

Due to Omans location in the southeast of the Arabian Peninsula bordering the seas and oceans on one
hand and the Empty Quarter desert on the other hand, Oman is exposed to a large number of floods that
are different depending on the rainfall intensity and duration, and the cause. It is classified among the
countries located in the belt arid areas zone where streams valleys often dry most of the year but severe
floods can occur as a result of heavy intense rain in short period of time resulting in flash flood with very
high velocity.
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Of the most important causes of floods in Oman is the intensity of rainfall, which is affected by several
factors as the rainfall duration and intensity, the nature of the basin topography, such as high mountains
with steep slopes and narrow canyons, and soil characteristics in terms of how porosity and soil moisture,
and the density of vegetation.

Oman bordered to the east the Gulf of Oman and the Arabian Sea and the Indian Ocean and any earthquakes
in them could affect the coastal areas, although there is no confirmed information for now that such
tremors have caused any tsunami in previous decades due to the lack of sufficient data. However, it is
not unlikely as the Makran crack which is the deepest in the Gulf of Oman and located in the most active
seismic area that found in the north and north- east of Oman, and represent the collision between the
Arabian Plate rocks with a plate of Iran.

It is also worth mentioning that some human activities can be considered as one of the reasons for
increasing flooding and heat waves in the whole world. These activities have led and will lead to more
floods, droughts and rising water levels in the seas and oceans, by increasing the emission of more
greenhouse gases and thus increase global warming which leads to high rates of temperature flattened,
thereby melting ice caps, which causes rising sea levels and increasing the amount of water evaporation
and thus increase the amount and intensity of rainfall.

The floods in Oman can be very high, exceeding 10,000 m3 /s, as records show, and can reach the highest
values recorded at the level of the world maximum flood peaks as the Figure below shows.

Oman is subjected to many different floods events that are differ based on intensity and type of storm
causing it, due to its location. Oman was hit by many severe floods during the history which caused severe
damages to properties and lives.

The greatest storm and flood known to Muscat occurred in Junel890, just over 100 years ago(286 mm
of rainfall was recorded). It was a full-blown cyclone, which dumped huge rainfall totals and greatly
raised sea levels all the way from Muscat to Sohar 200 km up the coast. The resulting land and sea floods
had a devastating effect on lives and properties over a wide area, and almost wiped out Muscat. Many
other severe floods and cyclones hit Oman such as 1927 cyclone, which hit many areas in Oman and
upto 9500 m3/s flood peak was estimated using indirect flood measurement; 1948 cyclone which hit
Dhofar governorate and remained for about a week; 1951 cyclone where Al-Dakhiliyah Governorate was
hit and upto 4130 m3/s flood peak was estimated; 1959 cyclone which hit Dhofar for 3 nights causing
severe damages; 1977 cyclone which hit Masira Island (upto 431 mm of rainfall was recorded) and parts
of Dofar, Dakhiyah and Shargiyah (upto 10,600 m3/sin Wadi Ghudon and 8,250 m3/s in wadi Andur were
estimated); 1982 floods that hit Al-Batinah coasts, Quriyat and Al-Shargiyah, where upto 5190 m3/s was
estimated; 1983 that hit Salalah and upto 10,400 m3/s was estimated; 1997 floods which hit different
parts of Oman and upto 2760 m3/s was estimated; 2002 cyclone that hot Dhofar where upto 434 mm of
rainfall was recorded in Aidam, and 694 m3/s was recorded in Razzat. In the most recent yearsNorth Oman
was hit by two severe cyclones; Gonu (2007) and Phet (2010). Gonu Cyclone in 2007 which hit Muscat and
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Al-Shargiyah caused the most ever damages to Muscat properties and infrastructure (upto 714 mm of
rainfall in 24 hours and more than 900 mm in 36 hours, and about 8160 m3/s flood peak) whereas, Phet in
2010, has hit Al-Shargiyah and Muscat causing severe damages to Al-Shargiyah but less effects to Muscat.

Figure 2: Greatest Recorded Flood Peaks in Oman compared with World Maximum (Rodier, 1984)
4. Flood Risk Control

Flood risk control management requires a good understanding of the hydrology and the flood characteristics
of the area which can be achieved through local hydrological data analysis.

Development of guide lines and standards, providing flood frequencies for wadi development locations,
producing maps showing flood risk zones, forming a hydrologic basis for evaluating and controlling current
and future development in flood risk zones, providing initial information for planning flood control, all are
important for better flood risk control and management.

Details on the hydrological data analysis and flood management control methods that are considered for
best flood risk control practice in Oman are explained below:

4.1 Hydrological Analysis

Hydrological analysis of rainfall and runoff are very important for understanding the hydrological
characteristics of the study area. Hence, many studies has been carried out to improve this understanding
and to assess the water resources in the study areas. However, the short period of records, the quality,
and the special hydrological characteristics of the arid areas, which are not fully understood yet, made it a
difficult task some time. An overview on the different studies that has been carried out by the hydrologists
in the Ministry of Regional Municipalities and Water Resources (MRMWR) is shown below.
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4.1.1 Rainfall analysis

There are many studies have been carried out in rainfall analysis. These include the rainfall intensity analyses
as they are very important input for the design computations for hydraulic structures, in particular for
urban drainage, bridges, culverts, and dam spillways. As the rainfall characteristics could be different from
one part to another, using local data is essential to get the proper results and to provide the appropriate
understanding of rainfall intensities and the probable frequency with which they occur.

The greatest 1-day rainfall ever recorded in Muscat, at the time, 286 mm, occurred during 1890 event. In
the recent years, the highest was experienced during the Guno storm, Jun 2007, where upto 714 mm was
recorded in 1-day in Wadi Dayqah and 438 mm at Wadi Aday. A more recent flood occurred in 2010, Phet
cyclone, with maximum 1-day rainfall of 585 mm.

The approach adopted in the rainfall frequency analysis has been log-normal frequency analysis of partial
series of data, using a lumped station-year approach.

It was noted from the analysis that there an apparent rainfall intensity differences in characteristics relating
to terrain. Hence, to account for these differences, the stations with enough data for analysis have been
divided into the three categories: plains (those within relatively flat areas with no significant nearby hills
likely to induce orographic rainfall effects), and mountains (those at elevations above 800 m amsl), and the
remainder have been categorised as representing hill areas.
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Table 1 shows the frequency of rainfall intensities for plains, hills, and mountains.

Plains Areas (287 Station-Years, 21 Stations)

Duration Rainfall (mm) for the Following Return Periods:
hours Av 5-yr 10-yr | 20-yr | 50-yr | 100-yr | 200-yr
0.25 13 16 20 23 27 31 34

0.5 17 21 26 30 36 41 45
1 20 25 31 36 A4 50 55
2 22 28 35 41 49 56 62
3 24 31 38 45 54 62 69
6 28 35 43 51 61 69 77
12 31 39 48 57 69 78 87
24 35 44 56 68 83 94 106

Hill Areas (504 Station-Years, 41 Stations)

Duration Rainfall (mm) for the Following Return Periods:
hours Av 5-yr 10-yr | 20-yr | 50-yr | 100-yr | 200-yr
0.25 15 18 21 24 28 31 35

0.5 21 26 31 36 43 48 53
1 25 32 38 45 54 61 67
2 28 36 43 50 60 67 74
3 31 39 47 55 65 73 81
6 35 44 53 63 76 86 96
12 39 50 62 75 91 104 116
24 44 57 71 86 105 120 135

Mountain Areas (221 Station-Years, 22 Stations)

Duration Rainfall (mm) for the Following Return Periods:
hours Av S5-vr 10-yr | 20-yr | S0-yr | 100-yr | 200-yr
0.25 18 21 24 27 31 34 37

0.5 24 29 34 39 45 50 55
1 31 38 44 51 59 66 72
2 35 43 50 58 67 75 82
3 37 45 53 61 71 78 86
6 42 51 59 68 79 88 97
12 48 59 70 80 94 104 114
24 56 70 83 96 113 125 138

Table 1: Frequency of Rainfall Intensities for Plains, Hills, and Mountains

4.1.2 Runoff Analysis
Estimation of runoff is an essential component in the management of water resources.

MRMWR has been collecting flood peak data in its wadi gauging station network, and also general flood
information.

Because of its aridity, Oman has many years when wadi flow is zero or very small. Consequently annual
series (AS) trends may be dominated by zero or low flows which do not in any way reflect flood peak
characteristics. The peak-over-threshold (POT) series was found to be reflecting the real flood characteristics
better, but even this series tends to consist of low or zero flows in its lower half. Therefore, standard
flood frequency methods which rely in fitting a distribution to all points are not appropriate. Hence, a
comparison of methodology using various standard methods (HDA, 1996) resulted in the adoption of
semi-log analysis of the POT series (Pilgrim, 1987), but with best-fit trend lines for the range 50% upwards
only. The 50% upwards fitting avoided the non-floods or zeros which taper off at the bottom of the range,
and seems still to be generally satisfactory.
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Figure 2 shows the first Flood Frequency Curves for Oman (MWR, 1991) which was constructed based on
the slope area measurements using the historical events. These curves related flood peaks to catchment
area only, and they were used to develop flood risk maps for a number of major towns and key flood risk
areas.

Figure 2: Flood Frequency Curve of 1991, (MWR, 1991)

Table 2 shows the results of frequency analysis including and duscluding Guno and Phet cyclones and the
effect on the obtained results to show the sensitivity of the frequency analysis to the severe events, and
hence the need for frequent update, especially for areas with short period of records.

Table 1: Flood Peak Frequency for all Wadi Gauges (Muscat Governorate)
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* The analysis includes Gonu data only
** The analysis include Gonu & Phet datas

4.1.3 Flood guideline Manual

Floods in Oman are notoriously dangerous despite being rare. A proper understanding of flood
characteristics is essential for the development of Oman, so that houses and highways, factories and
offices will not be subjected to flood risk.

The main analysis was required to achieve such guideline manual can be briefed in the following points:

e Flood Frequency Analysis using the appropriate method that considers the special hydrological
characteristics of Oman

e Growth Factors, which is used for the purposes of enabling flood frequencies to be predicted for
ungauged wadis (factors by which to multiply estimates of the mean annual flood (MAF) to derive
flood peaks for any return period).

e Correlation of MAF to catchment parameter, which is an essential step in deriving the methodology for
enabling flood frequencies to be estimated for any ungauged wadi such as, the area (A), wadi length
(L), wadi slope (S), and percentage of the catchment which is non-mountain/hill or alluvial plain (NM)
which were found to be the most important and affecting parameters, and hence were used in this
method.

e Design Flood Approach which included flood peak frequencies, flood volume analysis, and flood
hydrograph analysis. Design flood requirements may relate to flood peaks or flood volumes or both, in
which case full design flood hydrographs (or probably a range of them) are needed.

In most of the studies, the requirement is for wadi flood peak frequencies for town developments, highway
bridges and culverts, and the flood volumes are not normally required. However, in the case of dam
spillway design when flood storage is a key issue, flood volumes and full hydrographs are needed.

4.2 Flood Management

The Nationwide Flood Study Programme of flood- prone urbanized areas of Oman was carries for the
main towns to provides data and information required for development planning in flood-prone areas.
Such information are essential for progression to the next step, floodplain management, which involves
the determination and implementation of flood control to help protect, existing and future developments.

Flood control measures are introduced in existing areas of development which are subject to flooding
in order to minimize the effects of flooding and minimize restrictions on redevelopment. The properties
which are situated in floodways where flooding occurs at high frequency, at high risk, are advised of the
danger of flooding so measures can be taken to be protected, whereas, in areas to be developed, the effects
of flooding will be minimized by use of the standards. Social, economic and ecological considerations are
all should be taken into account in the planning and development controls to minimize the effect of
flooding and the future development should be forbidden in areas subject to flooding.
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5. Conclusions

Flood studies and advice are important to provide the data and information required for development
planning in flood-prone areas, providing information for progression to the flood plain management,
determination and implementation of flood control and mitigative measures in flood prone areas, and
helping to protect existing and future development. Hence, Oman Government is making great efforts for
carrying out flood studies and hydrologic analysis which includes: flood frequency analysis and updating,
delineation of flooding areas, high, medium or low risk zones, setting special flood standers to be followed
in town planning and developments, analysis of rainfall and wadi flow intensities, providing flood studies
and advices for different Ministries and organizations when required. It is very important for all planning
bodies to consider these studies and advices for save current and future development.
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SUMMARY

The paper describes the investigative studies conducted for the assessment of tsunami risk and the
development of mitigation measures for the port city of Galle in Sri Lanka. The said studies include
field investigations on the impact of inundation, mathematical modeling of scenarios, assessment of
vulnerability and preparedness and the development of mitigation measures.

Keywords: Tsunami Risk Assessment, Scenario Modelling, Mitigation Measures

1. INTRODUCTION

The coastal zone comprising coastal communities, the built environment and eco-systems is exposed to
a wide range of hazards arising from natural phenomena and human induced activities. Cities within this
zone are centers of economic development with a heavy population density and are subjected to immense
development pressure. On most occasions this has resulted in unplanned accelerated development leading
to high vulnerability. Therefore, it is not surprising that coastal communities are increasingly at risk from
coastal hazards. This was evident from the experience of disasters arising from tsunamis, extreme wind
conditions and storm surges. Commencing from the Indian Ocean Tsunami of 2004, several events have
exposed a lack of knowledge of hazards, vulnerability and deficiencies in preparedness and response. Since
then there have been global initiatives to gain an improved understanding of coastal hazards, vulnerability,
risk assessment and management. In this respect the Intergovernmental Oceanographic Commission (10C)
has made a notable contribution in promoting investigations and producing guidelines relating to risk and
risk management of tsunami and other coastal hazards.
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2. RISK - COMPONENTS OF RISK AND ASSESSMENT

The Indian Ocean Tsunami focused attention globally on the severe impacts of tsunamis. It was also
recognized that coastal communities are increasingly at risk from a number of hazards which can be broadly
classified as Episodic and Chronic hazards. These hazards which may arise from natural phenomena or
human induced events have severe impacts on coastal communities and eco-systems.

Risk is usually expressed by the notation
Risk = Hazard x Vulnerability

Risk represents the probability of harmful consequences or expected losses (in terms of deaths, injuries,
property, livelihoods, economic activity disrupted or environment affected) arising from interactions
between natural or human hazards and vulnerable conditions. Vulnerability can be broadly classified
into several components including, physical, human, socio- economic, functional and environmental
vulnerability.

Another way of expressing risk is to separate Preparedness from Vulnerability. In this respect risk is
expressed incorporating preparedness which seems more appropriate.

Risk = Hazard x Vulnerability x Deficiencies in Preparedness

The additional term represents certain measures and tasks, the absence of which could reduce the loss
of human lives and property in the specific interval of time during which the event is taking place. The
assessment of risk is an important element of coastal community resilience. Communities must be made
aware of the hazards, their exposure, vulnerability and be encouraged to address issues on awareness,
early warning, emergency planning, response and recovery and hazard mitigation. Enhanced coastal
community resilience enables populations at risk to ‘live with risk’ with a greater degree of confidence.

3. INCREASED EXPOSURE OF THE CITY OF GALLE

On 26" December 2004, Galle received the severe impact of Tsunami waves, their magnitude having
increased due to near-shore transformations. The tsunami waves, which reached the offshore waters of
Galle were primarily diffracted waves, diffraction taking place around the southern coast of Sri Lanka.
In the context of tsunamis the location of Galle is extremely vulnerable. It lies besides a wide bay and a
natural headland on which is located the historic Galle Fort with very reflective vertical non-porous walls
on all sides. Furthermore, there exists the Dutch canal to the west of the headland, conveying water
through the city centre. The waves in the vicinity of Galle, which were increasing in height due to reduced
water depths were further subjected to a series of near-shore processes which increased their heights
even further. The wide bay in Galle further contributed to the increase in wave height by modifying the
shoaling process via reduced wave crest width to accommodate the bay shape. The combined effect of the
bay and the headland led to a high concentration of wave energy leading to large tsunami wave heghts.
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In order to safeguard lives and protect infrastructure a Risk Assessment Case Study was undertaken for the
City of Galle. One of the main objectives was to develop a Tsunami Hazard Map and an Evacuation Plan
for the City of Galle.

4. FIELD INVESTIGATIONS FOR RISK ASSESSMENT CASE STUDY

Soon after the Indian Ocean Tsunami extensive field surveys were carried out to collect data on the
following parameters:

° Inundation depth
° Direction of first wave of tsunami
° Possible evacuation paths and locations

Area under the study was divided into 250m x 250m grids and people living within the respective areas of
all the grids were interviewed for all grids (Figure 1). The collected data were used to identify the

° Inundated area
° Inundation contours with wave direction and
° Risk level of the area

Results of the study were also useful in identifying the

° Safe areas and safe buildings
° Evacuation routes and refuge areas
° Possible locations for fixing sign boards on evacuation routes

Figure 1: Data collection locations
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5. 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’.

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
Exceedence Maps, De-aggregated Hazard Maps and National Weighted De-aggregated Hazard Maps.

The important observation from Probabilistic Tsunami Hazard Modelling is that for Sri Lanka the low hazard
and high hazard maps are very similar in character with maximum hazard along the east coast and the high
hazard case is greater than the low hazard case by about 30%. Since both high and low hazard cases for Sri
Lanka are dominated by the events in North Sumatra and Nicobar Islands, it seems that the Indian Ocean
Tsunami was the worst case scenario.

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
of 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 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.

Deterministic Numerical modelling of tsunami phenomena was carried out to obtain information on the
coastal region of Sri Lanka that could be affected by potential tsunamis. General coarse grid modeling
was carried out for the coastal region in the southern parts of the island and detailed fine grid modelling,
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including tsunami run-up and inundation was carried out for the City of Galle. The results of the modelling
were used for the preparation of Hazard Map for Vulnerability for the City of Galle.

Generation and deepwater propagation of the tsunami waves were modelled using the AVI-NAMI model.
The ANUGA fluid dynamics model based on a finite-volume method for solving Shallow Water Wave
Equations was used for the inundation modelling. In the ANUGA model the study area is represented by
a mesh of triangular cells having the flexibility to change the resolution of the mesh according to the area
of importance. A main capability of the model is that it can simulate the process of wetting and drying as
water enters and leaves an area and therefore suitable for simulating water flow onto a beach or dry land
and around structures such as buildings (Figure 2). High resolution nearshore bathymetric data obtained
for new Galle Port Development in 2007 and high resolution Topographic Data (LIDA Surveys) obtained
after the 2004 Tsunami were used for the study.

Figure 2: Inundation Modelling for Galle

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. A similar event based approach based on the Indian
Ocean Tsunami was adopted for risk assessment for the City of Galle, Sri Lanka.
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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)

For vulnerability assessment a simplified approach was adopted, focusing on critical parameters of interest
which were 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.

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 have been clearly identified. 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.
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7. 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

itis possible to quantify risk in terms of loss because hazard is associated with the probability of occurrence
of catastrophic events and vulnerability as proneness of society and its full structure to be affected by
potential damage and losses. However with the introduction of capacity or preparedness it is difficult to
adopt direct quantification methods. Deficiencies in preparedness represent the lack of measures and
tasks which could reduce the loss of human lives and property during disaster.

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. For this study four levels
of hazards and vulnerability, namely high, medium, low and very low were developed based on a mixed
approach of quantification based on detailed analysis and qualitative description (ranking methods). They
were based on the investigations conducted in Sections 4,5 and 6 and Public Consultations via meetings
with affected people and questionnaire surveys. The resulting hazard and vulnerability were superimposed
to generate risk maps also comprising four levels.

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
following further discussions with all stakeholders (eg. Safe places and Evacuation routes). These maps
will be refined with further field investigations and modelling work.

8. MANAGING RISKS-CLASSIFICATION AND PLANNING RISKMANGEMENT MEASURES

8.1 Classification of Risk Management Measures

There are many measures that could be adopted to manage risk in coastal zone management when
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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

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)

8.2 Planning Risk Management Measures

In many countries, current policies target disaster response efforts to a larger degree than risk management
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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 effected and
new laws should be imposed. In this process high priority should be given to stakeholder participation.

9. INTEGRATING MITIGATION WITH DEVELOPMENT OF PORT OF GALLE

There are many countermeasures that could be adopted in coastal zone management when planning for
tsunamis and other coastal hazards that accompany high waves and high inundation. These maesures can
be be broadly classified into two categories, namely, those which promote successful evacuation from
tsunamis and those which mitigate the impact of tsunami. Both types of countermeasures were examined
for the City of Galle

In 2000, Japanese Port Consultants (JPC) developed a Master Plan for the development of the Port of
Galle. In view of environmental concerns it was recognized that the development should be restricted to
a two berth medium size harbour. In order to maintain healthy exchange of tidal flow for the well being
of the coral reef system, JPC in consultation with the environmental specialists incorporated an offshore
detached breakwater, which coincidentally has all the characteristics of an effective Tsunami Breakwater
( Figure 3). It is admitted that tsunamis were not envisaged as part of the engineering and environmental
designs at that stage.

Figure 3: Master Plan for the development of the Port of Galle
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Detailed design of the port of Galle was carried out by PCI, Japan. Tsunami modelling conducted indicates
areduction in both Tsunami wave height and the speed due to the proposed offshore breakwater. A hybrid
approach using both artificial and natural methods seems very appropriate for this situation.
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This paper is a full quotation from a brochure entitled “Lessons learned from the tsunami disaster caused
by the 2011 Great East Japan Earthquake and improvements in JMA’s tsunami warning system”, which can
be found at:

http://www.seisvol.kishou.go.jp/eq/eng/tsunami/LessonsLearned_Improvements_brochure.pdf

Abstract

A huge tsunami generated by the 2011 Great East Japan Earthquake (also known as the 2011 off the
Pacific coast of Tohoku Earthquake) that struck at 14:46 JST (UTC+9) on March 11, 2011, hit a huge stretch
of the Pacific coast of Japan and caused severe damage over an area extending from the Tohoku district
to the Kanto district. In the aftermath of the disaster, the Japan Meteorological Agency (JMA) investigated
the content and expressions of the tsunami warning bulletins released as well as the timing of their
issuance in relation to this occurrence at that time. The results were used to support consideration of
how tsunami warnings could be improved in their role as a type of disaster preparedness information to
protect life. The investigation revealed several problems, including the underestimation of earthquake
magnitude promptly determined after the quake which in turn caused the underestimation of forecast
tsunami heights. Another issue was the inappropriate announcement of tsunami observations; all the
observed tsunami heights were announced even while waves were still small, which caused some people
to believe evacuation was unnecessary for what they thought was a minor tsunami.

JMA’s tsunami warnings must be timely, easy to understand and useful for organizations related to
disaster prevention. To overcome the problems found in the investigation and to better meet these
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requirements, JMA improved the approach used in its tsunami warning system and enhanced the content
and expressions of bulletins so that warnings urge people to evacuate as appropriate. As part of such
improvements, JMA also remains active in its awareness-raising efforts as a key area in the appropriate
usage of warnings and successful evacuation.

Based on these activities, JIMA introduced a new tsunami warning system on March 7, 2013.
1. Preface

The 2011 Great East Japan Earthquake (also known as the 2011 off the Pacific coast of Tohoku Earthquake)
had a magnitude of 9.0 — the largest recorded in Japan since instrumental seismic observation began. The
massive tsunami it generated hit Japanese coastal areas and caused severe damage, with the number
of deaths and missing people reaching around 20,000. (The disaster is referred to here as the Great East
Japan Earthquake and Tsunami.)

JMA issued an initial tsunami warning around three minutes after the quake. However, the magnitude
of the quake and the estimated tsunami heights in the initial warning were significantly underestimated
due to the characteristics of the promptly estimated magnitude. Around 28 minutes after the earthquake,
JMA updated the tsunami warning based on data from a GPS buoy located about 10 km off the coast, but
the standard operating procedure involving the use of data from observations made farther offshore for
more timely warning updates had not yet been established. To address the evident problems experienced
in this regard, JMA set up an investigative commission consisting of experts, representatives from related
disaster prevention organizations and the press. As part of the commission’s activities, the Agency invited
suggestions from municipalities and the public to support investigation of the content and expressions
of tsunami warning bulletins as well as the timing of their issuance in this case with the ultimate aim of
improving the tsunamiwarning system.JMA thenincorporated approved suggestionsinto itsimprovements
in February 2012 and introduced the new tsunami warning system on March 7, 2013.

This leaflet outlines work conducted by JMA in relation to the Great East Japan Earthquake and Tsunami,
highlights the lessons learned from the disaster, and describes how the tsunami warning system was
improved as a result.

Damaged areas in the aftermath of the Great East Japan Earthquake and Tsunami
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2. JMA Tsunami Warnings/Advisories and tsunami monitoring

Even before the Great East Japan Earthquake and Tsunami, JMA operated a seismic network with around
280 seismometers collecting observation data in real time and monitoring the information gathered
around the clock. When an earthquake occurs, JMA determines its location and magnitude using these
data and issues Tsunami Warnings/Advisories immediately if a tsunami strike is expected.

To enable immediate issuance of initial tsunami warnings, JMA has conducted computer simulation of
tsunamis with earthquake scenarios involving various locations and magnitudes, and the results related to
tsunami arrival times and heights are stored in a database. When a large earthquake occurs, the operation
system quickly calculates its hypocenter and magnitude, searches the tsunami database with reference
to these calculations and selects the most closely matching results. IMA then issues Tsunami Warnings/
Advisories using estimated tsunami heights for each coastal region expected to be affected (66 individual
regions are defined to cover all coastal areas of the country and support smoother disaster response) (see
Figs. 1 and 2).

JMA also monitors sea level data at around 220 stations including some operated by other related
organizations (see Fig. 3). When tsunamis are detected, JMA uses these data to update tsunami warnings
and issue tsunami observation information on the arrival times and scale of the highest waves observed
as of the time of issuance.

Fig. 1 Tsunami forecast method
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Fig. 2 Tsunami forecast regions

Fig. 3 Tsunami observation point distribution (as of August 2013)
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3. Timeline of Tsunami Warning issuance for the Great East Japan Earthquake and Tsunami

In relation to the Great East Japan Earthquake and Tsunami, JMA determined the earthquake source
parameters (i.e., the location and magnitude) using seismic observation data in line with the prescribed
operating procedure for tsunami warnings. The JMA magnitude (Mj)*"* calculated at the time was 7.9,
and an earthquake with a magnitude of 7 to 8 was expected in the region according to the results of
research. As the magnitude and location were both almost as expected for the anticipated quake, JMA
considered the source parameters to be appropriate. It estimated tsunami heights and arrival times based
on this information and issued an initial tsunami warning at 14:49 around three minutes after the quake.
The estimated tsunami heights at this point were six meters in Miyagi Prefecture and three meters in the
prefectures of Iwate and Fukushima. Each of these prefectures is one of the 66 forecast regions.

Earthquakes often occur near coastal areas of Japan, and resulting tsunamis can strike land within a few
minutes. For this reason, Tsunami Warnings/Advisories must be issued immediately. Based on its standard
operating procedure, JMA issues initial tsunami warnings around three minutes after an earthquake, then
examines the source parameters in detail, monitors sea level changes and updates tsunami warnings
to reflect these observations. When source parameters are updated, JMA re-estimates tsunami heights
and arrival times for each region accordingly. If tsunami waves are actually detected, the Agency also re-
estimates heights and arrival times based on tsunami observations before updating Tsunami Warnings/
Advisories.

In relation to the Great East Japan Earthquake and Tsunami, JMA tried to calculate a moment magnitude
(Mw)?"?2 based on waveforms from broad-band seismometers around 15 minutes after the tremor. However,
as the waveforms were saturated at most of the broad-band seismometers deployed in Japan due to the
strong shaking, JMA was unable to calculate the Mw within 15 minutes and thus could not update Tsunami
Warnings/Advisories based on this value.

However, a GPS buoy deployed by the Ports and Harbours Bureau (PHB) of the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) around 10 km off Kamaishi City in Iwate Prefecture recorded
a rapid increase in sea level at around 15:10. This enabled JMA to issue a second tsunami warning and
upgrade the estimated tsunami heights to over 10 meters for Miyagi Prefecture and to 6 meters for the
prefectures of lwate and Fukushima. JMA continued to upgrade these heights and expand the area where
tsunami warnings were in effect based on observation data from GPS buoys and tide gauges in coastal
areas (see Fig. 4).

1 "I The two magnitude scales used by JMA to express the size of earthquakes are JMA magnitude (Mj) and moment magnitude
(Mw). Mj is calculated from the maximum amplitude of seismic waves as observed by strong-motion seismometers recording strong motion
with a period of up to around five seconds. As Mj information can be provided within around three minutes of an earthquake, it is suitable

for the prompt issuance of warnings.

2 2 Moment magnitude (Mw) precisely expresses the scale of seismic faulting. It is calculated from seismic waves (including those
with very long periods exceeding several tens of seconds) recorded by broad-band seismometers, and represents the exact scale of huge
earthquakes. The source mechanism of earthquakes (e.g., reverse fault, strike slip) can also be analyzed at the same time with these data.

However, it takes around 15 minutes to calculate Mw values because seismic data covering periods of 10 minutes are used.
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14:46 Earthquake

(i) 14:49 Initial Tsunami Warning
14:50 Estimated Tsunami Heights:
Miyagi: 6 m; lwate: 3 m; Fukushima: 3 m;
Pacific Coast of Aomori Pref.: 1 m

(ii)15:14 Tsunami Warning Upgrade
Estimated Tsunami Heights:
Miyagi: over 10 m; lwate: 6 m;
Fukushima: 6 m;
Pacific coast of Aomori Pref.: 3 m

(iii) 15:30Tsunami Warning Upgrade
15:31Estimated Tsunami Heights:
Iwate - Kujukuri and Sotobo area: over 10 m;
Pacific Coast of Aomori Pref.: 8 m

* Station belonging to the Japan Coast Guard After the issuance of initial tsunami warnings (i), a tsunami was detected by a GPS
buoy and other gauges. Based on this, JMA upgraded tsunami warnings (ii), (iii). A

** Station belonging to PHB value of Mw 8.8 was determined at around 15:40.

Fig. 4 Timeline of Tsunami Warning issuance for the Great East Japan Earthquake and Tsunami

The maximum tsunami heights observed were nearly 10 meters along the Pacific coast of the Tohoku
district. Specifically, the values were 8.5 meters or higher for Miyako (lwate Prefecture), 8.0 meters or
higher for Ofunato (lwate Prefecture), 8.6 meters or higher for Ishinomakishi Ayukawa (Miyagi Prefecture)
and 9.3 meters or higher for Soma (Fukushima Prefecture) (see Fig. 5). The expression “or higher” means
that higher tsunamis were expected to hit these areas but observation facilities were washed away or
damaged and the flow of data was interrupted. According to field surveys later conducted by JMA around
observation facilities, wave heights based on tsunami track data reached up to 16 meters in Ofunato
(Iwate Prefecture), and much higher run-up heights were concluded by other research survey teams for
some locations.

JMA determined a magnitude of Mw 8.8 around 50 minutes after the earthquake by analyzing global
seismic data. However, because tsunami warnings had already been updated with much larger estimated
heights at 15:30 based on tsunami observations, JMA did not use this Mw value for the warning update.
As Tsunami Warning/Advisory updating was the first priority, the issuance of earthquake information with
the Mw 8.8 value and other source parameters was postponed until 17:48. (The Mw value was later
finalized as 9.0 based on more precise analysis.)
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Fig. 5 Tsunami heights recorded at observation facilities

The columnar arrows indicate tsunami heights recorded at observation facilities that were damaged
and from which data were missing for a certain period. Accordingly, the actual heights may have been
greater.

4. Problems to be addressed and solutions concluded for tsunami warning operation
The problems detailed in the previous chapter can be summarized as follows:
(1) Problems in tsunami warning operation

#1: The magnitude of Mj 7.9 that was promptly estimated and used in the initial tsunami warning
was an underestimation.3"

#2: Forecast tsunami heights were also underestimated due to the magnitude underestimation.
This may have caused some people to think that the tsunami waves would not top seawalls and
possibly contributed to delays in evacuation.

3 3 Longer-period seismic waves are larger when a huge earthquake with a magnitude of 8 or more occurs, but seismic waves with
a short period of up to around five seconds are almost the same as those for smaller earthquakes. The Mj value is therefore underestimated

for huge earthquakes, whose scale can thus not be estimated accurately.
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#3: The Mw value was not calculated for around 15 minutes due to broad-band seismic data
saturation. The operating procedure for tsunami warning updates based on data from ocean-
bottom tsunami-meters (water pressure gauges) deployed farther offshore than GPS buoys had
also not been established at the time.

#4: Minimal tsunami heights announced in Tsunami Observation Information (such as Initial
Tsunami Observation: 0.2 meters) may have misled people into thinking that the tsunami would not
be large and caused delays or interruptions in evacuation.

(2) Solutions to improve tsunami warning operation
(i) Basic policy

(a) JIMA in principle issues initial tsunami warnings within around three minutes after an earthquake
to maximize the time available for evacuation.

(b) The Agency now issues initial tsunami warnings based on the predefined maximum magnitude
when initial estimation for the scale of the tsunami source (i.e., crustal movement on the sea floor)
is uncertain, as seen with earthquakes measuring around 8 or more in magnitude™. After obtaining
reliable results from earthquake and/or tsunami analysis, JMA will update tsunami warnings based on
more precise information. The maximum magnitude is used in such cases because second warnings
may not reach people in some situations (e.g., electricity failure); accordingly, it is important not to
include underestimations in initial warnings.

(ii) Technical improvements (response to problems #1 and #3)
(a) Measures for detecting magnitude underestimation

For huge earthquakes with a magnitude of 8 or more and for those generating much larger tsunamis
than their magnitude would suggest (known as tsunami earthquakes), it is difficult to determine a
precise magnitude value within around three minutes. Accordingly, JMA has introduced methods to
quickly highlight the possibility of underestimation in calculated magnitudes. When such a possibility
is recognized, the Agency issues an initial tsunami warning based on the largest seismic fault expected
in the area of the earthquake or on the predefined maximum magnitude to avoid underestimation
(see Section (iii) (a) for information on bulletin content and expressions).

Examples of methods for checking the possibility of underestimation are shown in Figure 6. JMA
continues to introduce various methods other than those shown here, as well as investigating/
improving them and developing useful new techniques.

(b) Prompt updating of tsunami warnings

JMA updates initial tsunamiwarnings based on more precise information from the latest earthquake
and tsunami observation data. In order to obtain the Mw values necessary for timely and stable
updating within around 15 minutes, the Agency installed 80 broad-band strong-motion seismometers
in Japan to measure broad-band seismic waveforms without saturation even in the event of a huge
tremor. The Agency also installed 3 DART buoys (water-pressure gauges) off the Pacific coast of the
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1. Mw estimation from seismic waveform

data on various period components

Mw is estimated directly from displacement waveforms
calculated using accelerometer data (the value for the Great
East Japan Earthquake reached 8.8 within 140 seconds).

Nst: number of stations

2. Mw estimation from seismic waveform

data on long-period components
Mw is roughly estimated in relation to the amplitude of long-

period waveforms recorded by broad-band strong-motion
seismometers.

The Great East Japan Earthquake The Tokachi-oki Earthquake in
in 2011 (Mw 9.0) 2003 (M] 8.0)

Short period

(6 sec.)

Long period

(200 — 1,000 sec.)

3. Mw estimation from the size of the

strong-motion area

Mw is estimated from the size of the strong-motion area as
determined from the observed seismic intensity distribution.

The Great East Japan
Earthquake in 2011 (Mw 9.0)

The Tokachi-oki Earthquake in

(2003 (Mj 8.0

300 km

Fig. 6 Methods for checking the possibility of magnitude underestimation

Tohoku district, and uses data from these units along with information from ocean-bottom tsunami
meters deployed offshore by other related organizations for earlier detection of tsunamis, estimation
of tsunami heights in coastal areas and issuance of warning updates as needed.
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(c) Enhancement of observation facilities

In the case of the Great East Japan Earthquake and Tsunami, observed data became unavailable
because seismic and tsunami observation facilities were damaged, terrestrial data networks were
interrupted and power was lost for extended periods. To avoid any repetition of such data unavailability,
JMA enhanced its observation facilities by installing satellite-link telecommunication equipment
as a backup in case of landline network interruption. The work involved setting up an emergency
power supply to cover a period of up to 72 hours in the event of a long-term blackout, strengthening
cases in which observation instruments are stored, and implementing other measures. The Agency
also set up mobile tsunami observation facilities with photovoltaic panels and a satellite cell-phone
network to enable timely resumption of tsunami observations and minimize periods of data loss even
if observation facilities are damaged.

(i) Improvement of bulletin content and expressions (response to problems #2 and #4)
(a) Criteria for tsunami warning issuance and classes of estimated maximum tsunami heights

JMA now issues estimated tsunami heights in five classes (reduced from the previous eight) in
consideration of estimation error and the stages of possible disaster prevention countermeasures.
Tsunami height estimations are simply issued as the upper-limit value for each class to create a sense
of urgency (see Table 1).

Table 1 Tsunami Warning/Advisory categories

Before review Current (since March 7, 2013)
Criteria for Warning/ | Estimated max. tsunami heights
Category Estimated max. | Advisory issuance
tsunami height _ Quantitative Qualitative
(h: estimated height)
10 m or more
8m 10m<h Over 10 m
MajorTsynaml 6m 5m<h<10m 10m Huge
Warning
4dm 3m<h<5m 5m
3m
; 2m
Tsuna.ml Im<h<3m 3m High
Warning 1m
Tsunami
<h<
T 0.5m 0.2m<h<1lm 1m (N/A)

When JMA recognizes the possibility of underestimation
in a calculated magnitude and issues an initial tsunami
warning based on the largest seismic fault expected in
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the area or on the predefined maximum magnitude,
qualitative terms such as Huge and High are used rather
than quantitative expressions because the uncertainty
of the magnitude is considered to be large. A comment
in the headline of warning bulletins such as “A tsunami
as large as the one seen in the Great East Japan Disaster
of 2011 is expected to strike!” is added to alert people
to the state of emergency.

Around 15 minutes after an earthquake, JMA updates
tsunami warnings based on more precise analysis with
a Mw value and tsunami observations, and issues
information on estimated maximum tsunami heights in
guantitative terms such as 5 m. The flow of issuance of
current Tsunami Warnings and Information is shown in
Figure 7.

Mj: JMA magnitude
Mw: moment magnitude

Fig. 7 Flow of issuance for current Tsunami Warnings and Information

(b) Estimated tsunami arrival times

JMA information on estimated tsunami arrival times for each tsunami forecast region includes the
times at which tsunami waves are expected to hit first in any part of that area and estimated arrival
times for certain tsunami observation points. Within this framework, tsunamis may hit some areas
an hour or more after the estimated times even in the same forecast region. JMA now notes this in
its bulletins.

(c) Tsunami observed in coastal areas

In regard to observed tsunami heights in coastal areas, JMA announces only arrival times and
initial movements (rise/fall) for the first waves to avoid creating a misunderstanding that waves will
be small. Information on arrival times and the scale of the highest waves observed as of the time
of issuance is also provided to alert people that higher waves continue to approach. While a Major
Tsunami Warning and/or Tsunami Warning is in effect but tsunami waves appear much smaller than
estimated, JMA issues Currently Observing announcements rather than exact values (see Table 2).

Tsunami waves often hit repeatedly, and those arriving later may be higher. As the biggest waves
may hit several hours after initial strikes in coastal areas, JMA warns people to stay in safe places until
Tsunami Warnings are cleared.

SSEOSOTOSOSTIZOT
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Table 2 Expressions used for observed maximum heights in coastal areas (current)

Warnings/Advisories . . . .
_g / Observed height Information bulletin expression
in effect
Warning <1m Currently Observing announcements

20.2m Actual values
Tsunami Warning
<0.2m Currently Observing announcements
. . Actual values
Tsunami Advisory (All cases) (Slight for very small waves)

(d) Tsunami observed via offshore gauges

The Great East Japan Earthquake and Tsunami proved that offshore observation such as that
conducted via GPS buoys is highly useful in updating tsunami warnings. As a result, IMA now promptly
issues a new bulletin called Tsunami Information (Tsunami Observations at Offshore Gauges) based
on detected generation of tsunami waves offshore to alert people that coastal areas may be stricken
shortly.

The Agency also issues this information along with data on estimated tsunami heights for coastal
areas as calculated from offshore measurements. While a Major Tsunami Warning and/or a Tsunami
Warning is in effect and estimated tsunami heights for coastal areas are small, JMA does not provide
actual values for observed tsunami heights offshore or estimated maximum tsunami heights for
coastal areas until the thresholds for issuance are reached. Instead, the phrase Currently Observing is
used for observed heights offshore and Currently Investigating is used for estimated heights in coastal
areas in the same way as for observations in coastal areas (see Table 3).

Table 3 Expressions used for maximum heights observed via offshore gauges and

estimated maximum heights in coastal areas (current)

Estimated Information bulletin expressions

tsunami heights | Observed heights at Estimated heights in
for coastal areas offshore gauges

Warnings/Advisories
in effect

coastal areas

Major Tsunami >3 m |Actual values Actual values
Warning <3 m |Currently Observing Currently Investigating
>1m |Actual values Actual values

Tsunami Warning
<1m |Currently Observing Currently Investigating

Actual values

Tsunami Advisory (All cases) Actual values

(Slight for very small
waves)
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5. Education and awareness-raising efforts regarding tsunami disaster prevention

Evacuating to higher ground and/or to places far from the coast before a
tsunami hits is the only way to ensure survival from such waves.

To ensure appropriate evacuation, it is necessary to understand the
timing, circumstances and information of JMA tsunami warnings.

JMA considers it important for people to properly understand the risks of
tsunami waves and evacuate as necessary. In particular, such understanding
includes awareness of changes made to the tsunami warning system since
the Great East Japan Earthquake and Tsunami, such as the use of the
qualitative expressions Huge and High based on predefined maximum
tsunami heights as well as prompt updates to warnings and issuance of
tsunami observation information from offshore gauges. Against such a
background, JMA places high priority on education and awareness-raising
efforts as reflected by its production and distribution of related leaflets and
posters as well as its work in conducting visiting lectures and symposiums.

JMA created two videos called Escape the Tsunami! and Preparing for
Tsunamis to emphasize the necessity of education on mitigating the effects
of disasters and deciding to evacuate independently without waiting for
tsunami warnings — two considerations whose importance was clarified by
the Great East Japan Earthquake and Tsunami. JMA has distributed these videos to schools throughout Japan
to support community efforts for disaster mitigation. The resources are also available on the JMA website
(http://www.seisvol.kishou.go.jp/eq/eng/ tsunami/tsunami_warning.html).

Fig. 8: Start of New Tsunami
Warning System Operation leaflet

6. Closing notes

Although methods involving the use of earthquake source parameters are effective for the prompt issuance
of tsunami warnings in the case of ordinary earthquakes, it is difficult to estimate the actual scale of tsunami
waves from the magnitude for tsunami earthquakes and seabed landslides. In consideration of such cases, JIMA
is developing methods to support the prompt estimation of tsunami heights for coastal areas based on data
observed by offshore gauges. In addition to this method, it is also necessary to develop various ways to quickly
determine the scale of tsunamis in coastal areas.

JMA remains committed to its efforts to improve tsunami warning operations and enhance awareness
regarding the importance of evacuation in the event of a tsunami.
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Projection of Future Changes in rainfall and temperature patterns in Oman

Yassine Charabi 1 and Sultan Al-Yahyai 2

Abstract

Oman is one of most water-stressed countries in the world. Therefore, keeping water and energy supply
and demand in equilibrium in a pressing development is a challenge facing Oman in the years ahead. The
threat from the potential impacts of climate change has growing with the recent tropical cyclones that had
affected the country and caused loss of life and substantial damage throughout the coastal areas of Oman.
The design of an effective climate change strategy requires a deep knowledge about the past, the present
climate and also requires an accurate estimation of the plausible change in future climate. This paper
present a rather complete picture about the, current (1961-1990) and future (2010-2069) projection of the
pattern of rainfall and temperature. For the assessment of the future climate projection over Oman, the
21st century the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4) A1B,
forcing scenario is used with the climate model of the National Center for Atmospheric Research (NCAR)
and the Community Climate System Model (CCSM-3). The A1B scenario clearly shows future minimum
temperature increases that are in line with the results shown that minimum temperatures will experience
the greatest impact from climate change. The simulation shows that the northern of Oman is expected to
face decreasing rainfall in the coming decades. In a region where historic average annual rainfall levels are
between 50 and 100 mm for the northern coast area, climate change is expected to lead to between 20
and 40 mm less rainfall by 2040. This is equivalent to a reduction in average annual rainfall of about 40%.
With less future rainfall in northern areas, groundwater recharge, surface water flow and water quality
are expected to also decrease.

Keywords: A1B scenario, Climate Change, Oman, Rainfall, Temperature
1. Introduction

The Sultanate of Oman occupies the southeastern corner of the Arabian Peninsula (Figure 1). The
country encompasses an area of about 309,500 km2, and is characterized by a diverse range of topography
including mountain ranges, arid deserts and fertile plains (Figure 2). Even though Oman is an arid region,
due to its complex topography, the country has a number of local climates ranging from hyper-arid
conditions in the Empty Quarter and along coasts and plains, to arid conditions in foothills and highlands,
to semi-arid conditions along the slopes and summits of the Hajar Mountains in the north (Nasrallah H. A
and Balling R.C. 1996; Ghaznafar and Fisher, 1998; Almazroui et al. 2012).

With regards to the water sector, Oman is one of most water-stressed countries in the world. Keeping
water supply and demand in equilibrium in a pressing development challenge facing Oman in the years
ahead. Agricultural production is wholly dependent on irrigation. Hence, water rather than the availability
of arable land and/or suitable soils are the critical constraints. The threat from the potential impacts of
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climate change has growing with the recent tropical cyclones that had affected the country and caused
loss of life and substantial damage throughout the coastal areas of Oman. Most recently, in June 2007, the
super cyclone Gonu tracked into the Sea of Oman. This cyclone is the strongest on record in the Arabian
Sea, with 900 mm of rain falling on a single day (5 June 2007) and average wind speeds reaching about
130 km/h (Al-Maskari, 2010). A total of 50 people were killed as a result of Gonu in Oman, with damages
of about $4.2 billion. Three years later, on 4 June 2010, the cyclone Phet made landfall in Oman, dropping
450 mm over northeastern Oman. In Oman, 24 people died with damages of about $0.8 billion. Intensity
of tropical cyclones and severity of their impact may increase in future warmer climate (Webster et al.,
2005; Elsner et al., 2008; Knutson et al., 2010). According to the recent census, 56% of the population of
Oman are amassed in the coastal area of Al-batina and Muscat, the concentration of the population will
further contribute to the degradation of air quality and intensification of urban heat island (Charabi Y and
Bakhit A. 2011). Under the context of climate warming, this will be translated into an increase in health
hazards in urban population due to the long stay of air contaminants in the atmosphere and heat waves
(Charabi et al. 2013). Another facet of this warming at regional scale is the increase in energy demand for
air cooling.

Figure 1. Location of the Sultanate of Oman

Figure 2. Topography of Oman

AT
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Those extremes events have drawn the attention of the decision makers in the country, that there is
an urgent need to develop a national strategy for climate change adaptation and mitigation. The design
of an effective climate change strategy requires a deep knowledge about the past, the present climate
and an accurate estimating of the possible change in future climate. There have been relatively few and
scattered studies published in the literature about the climate of Oman. Kwarteng et al. (2008) scrutinized
the statistical variability of rainfall in Oman using selected dataset derived from the Ministry of Regional
Municipalities and water resources network. Charabi (2009) analyzed the rainfall variability that affected
the southern part of Oman during the summer season and its global teleconnection to El Nino Southern
Oscillation (ENSO), and the Indian Ocean Dipole (IOD). Charabi and Al-Hatrushi (2010), examined the
atmospheric mechanism that govern the winter rainfall variability in the northern of Oman. The study
focused on wet and dry spells that occurred during 1984—-2007 based on composite analysis. Al-Sarmi and
Washington (2011) conducted a study about recent observed climatic trends for the Arabian Peninsula.
This study shows a clear worming trend in minimum and maximum temperature. Rainfall pattern trend in
Oman indicate also a significant decrease.

The aim of this article is to present a rather complete picture about the current (1961-1990) and future
(2010-2069) projection of the pattern of rainfall and temperature for the period. For the assessment of the
future climate projection over Oman, the 21st century the Intergovernmental Panel on Climate Change
(IPCC) Fourth Assessment Report (AR4) A1B (CO2 Concentration 720 ppm until 2100) forcing scenario is
used with the climate model of the National Center for Atmospheric Research (NCAR) and the Community
Climate System Model (CCSM-3). The obtained results were developed using dynamical downscaling
approach to a model grid of 30 second. Baseline of 1961-1990 was used to calculate the anomalies for
precipitation, maximum temperature and minimum temperature. The IPCC AR4 climate model datasets
of the 20th century experiments, forced by the Special Report on Emissions Scenarios (SRES), as well
as those for the climate baseline simulations, are available through the Research Program on Climate
Change, Agriculture and Food Security (CCAFS) website (www.ccafs-climate.org).

2. Data sets and Methodology

Datasets that describe the baseline climate and the plausible future climate conditions forced with the
SRES of AR4 of the IPCC at a local or regional scale and obtained throughout a dynamical downscaling from
General Circulation Models (GCM) are available on the CCAFS website. The datasets contains a large range
of Regional Climate Models (RCM), developed by different countries and climate modeling communities
with different spatial resolutions. The datasets are available in ARC GRID, and ARC ASCII format, in decimal
degrees and datum WGS84. This data format facilitate their integration in GIS environment for processing.

The climate model downscaling data of the NCAR-CCSM-3 was selected for this investigation due to
its fine space scale (30 second). The fine space resolution is a very important for this investigation due
to the complex topography and land surface of Oman, which contribute to the emergence of varieties of
local climate. The climatic baseline over 1961-1990 was used to compare and calculate projected changes
(anomalies) for the average annual maximum temperature, average annual minimum temperature, and
annual precipitation. The pattern of temperature and rainfall anomalies were calculated for each raster
cell grid using Arc-Map software for short term (2010-2039) and medium term (2040-2069). Future climate
simulation related to the IPCC’s A1B Greenhouse Gas (GHG) emissions scenario was chosen, to assess
future temperature and rainfall projections. This scenario provides an intermediate level of warming by the
end of the century and predicts a future where technology is shared between developed and developing
nations in order to reduce regional economic disparities.
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3. Baseline Climate

By virtue of its position astride the Tropic of Cancer, and according to the Képpen and Geiger classification
system (Koppen and Geiger, 1928), Oman is classified as an arid region. Nevertheless, due to its large
latitudinal extent and complex topography,

Oman has a number of local climates across its territory. These local climates range from hyper-arid
conditions (< 100 mm/year of rainfall) in the Empty Quarter (Rub Al Khali) and along coasts and plains,
to arid conditions (100-250 mm/year of rainfall) in foothills and highlands, to semi-arid conditions (250 —
500 mm/year of rainfall) along the slopes and summits of the Hajar Mountains in northern Oman. Scarce
and erratic rainfall and varying temperatures have combined to shape the distribution and abundance of
vegetation (Ghaznafar and Fisher, 1998).

Temperature is affected by major air masses that occur in the Arabian Peninsula. Specifically, the Polar
Continental air mass occurs in winter from December to February and brings cold temperatures and high
pressure. The Tropical Continental air mass occurs in summer from June to September and brings hot
and very dry air. Both systems are affected by minor incursions of Polar Maritime and Tropical Maritime
(Charabi and Al-Hatrushi, 2010; Charabi and Al-Yahyai 2011). The historical temperature profile in Oman
due to these air masses is described below based on the 1961-1990 period (Figure 3).

Average annual temperature: Overall, these temperatures fluctuate between 10°C to 30°C. The lowest
average annual temperatures are found at peaks in the Hajar Mountains. The highest average annual
temperatures are found in coastal areas along the Sea of Oman. Most of the rest of the country experiences
average annual temperatures within a narrow range between 26°C and 28°C.

Average maximum temperature: The hottest month of the year in Oman is June. During this month,
average maximum temperatures are between 23°C and 42°C. Coastal regions are hot and humid in summer
with maximum temperatures around 40°C and humidity levels exceeding 90%. In the interior plains, high
temperatures in summer can exceed 42°C.

Average minimum temperature: The coldest month of the year in Oman is January. During this month,
average minimum temperatures are between -3°C and 20°C. Coldest temperatures are encountered in
highland and mountain areas in the northern and southern part of the country.
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¢)Average minimum (January) a) Average annual b) Average maximum (June)

Figure 3. Temperature patterns of Oman, 1961-1990

Rainfall is caused by four principal mechanisms - convection, cold frontal troughs, monsoons, and
tropical storms/cyclones - and their interactions with local topography and other meteorological conditions
(Charabi, 2009; Kwarteng et al., 2008). Historical rainfall patterns in Oman are described below based on
the 1960-1990 period (Figure 4).

Average annual rainfall: Overall, rainfall fluctuates between 27 and 400 mm/year.

The lowest average annual rainfall is found in the interior plains and coastal areas along the Arabia Sea.
The highest average annual rainfall is found around peaks in the Hajar Mountains. Most of the highland
areas of the country experience average annual rainfall within a narrow range between 50 and 100 mm/
year.

Average summer rainfall: During the summer months of June through September, average rainfall is
between zero and 20 mm for the overwhelming majority of the country. Indian summer monsoon brings
the monsoon rains (locally known as khareef) along the Dhofar coast and bordering mountain areas. The
average rainfall amount is between 20 and 60 mm during the summary months (between 100 and 400
mm per year). During the khareef season, parts of Dhofar region are transformed into lush landscapes of
green field and verdant vegetation (Charabi, 2009).

Average winter rainfall: During the winter months of November through April, average rainfall is
between 20 and 60 mm for northern parts of the country, and between zero and 20 mm for the rest. Cold
frontal troughs originating in the North Atlantic or Mediterranean Sea are common during this period and
are responsible for the rain in north of Oman. Physiographic conditions significantly affect average winter
rainfall. For example, Muscat along the coast receives about 75 mm during winter. On the other hand, high
elevation areas in the Hajar Mountains (400-3,000 MSL) receives between 80 and 120 mm in the winter
months (between 250 and 400 mm per year) (Charabi and Al-Hatrushi, 2010) .
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c)winter average b) summer average a) Annual average

Figure 4. Rainfall patterns in Oman, 1961-1990

4. Future climate

Figure 5 shows the simulated average maximum temperature change during the periods 2010-2039
(Figure 5-a), and 2040-2069 (Figure 5-b). It can be seen from these figures, that A1B scenario clearly shows
an increase in future maximum temperature in the range of 1°C to 2°C for the entire country through 2039,
with the areas showing the highest change along stretches in the open desert just east of the UAE and
along portions of the coast by the Arabian Sea. By 2069, average maximum temperatures are projected
to increase in the range of 2°C to 3°C, with the geographic distribution of these changes following similar
patterns asin the earlier period. Figure 6 shows the simulated mean minimum temperature changes during
the periods 2010-2039 (Figure 6-a), and 2040-2069 (Figure 6-b). It can also be seen from these figures,
that A1B scenario clearly shows future minimum temperature increases that are similar to the results
shown for maximum temperature changes. For both time periods, there is a clear expansion compared
to results for maximum temperature change, suggesting that minimum temperatures will experience the
greatest impact from climate change. By 2069, most of the land area just south of the Hajar Mountains
from the UAE border to the Arabian Sea are projected to experience an increase in average minimum
temperatures by about 3°C.
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(a) (b)

Figure 5. Projected changes in maximum temperatures across Oman for the period (a) 2010-2039 and
(b) 2040-2069 with regard to the base period 1961-1990

Figure 7 shows the simulated average annual rainfall changes during the periods 2010-2039 (Figure
7-a), and 2040-2069 (Figure 7-b). It can be seen from these figures, that A1B scenario clearly shows that
most of Oman will become drier, with large portions of the Hajar Mountains receiving up to 40 mm less in
annual rainfall throughout the projection period. On the other hand, model results indicate that summer
monsoons are likely to intensify, leading to increased rainfall in the southwestern parts of the country. By
2069, most of the Dhofar governorate and a large portion of the Al Wusta governorate are projected to
receive up to 20 mm more in annual rainfall, with up to 60 mm more rainfall along coastal zones in the far
southwestern parts of Oman.
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(a) (b)

Figure 6. Projected changes in minimum temperatures across Oman for the period (a) 2010-2039 and
(b) 2040-2069 with regard to the base period 1961-1990

(a) (b)

Figure 7. Projected changes in annual rainfall for the period (a) 2010-2039 and (b) 2040-2069 with
regard to the base period 1961-1990
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5. Conclusions

Oman’s baseline climate was evaluated relative to temperature, rainfall patterns using proxydata. With
climate change, these baseline conditions are expected to change. Projected changes in temperature and
rainfall were assessed and the results of this assessment formed the basis by which the vulnerability of the
country to climate change could be understood.

As discussed previously, northern Oman is expected to face decreasing rainfall in the coming decades.
In a region where historic average annual rainfall levels are between 50 and 100 mm for the northern
coast area, climate change is expected to lead to between 20 and 40 mm less rainfall by 2040. This is
equivalent to a reduction in average annual rainfall of about 40%. With less future rainfall in northern
areas, groundwater recharge and surface water flow are expected to also decrease. When combined with
continued socioeconomic growth, current challenges in balancing water and energy supply and demand
will grow more difficult, as will the capacity to maintain water quality standards.

Moreover, greater rainfall variability and longer drought episodes may adversely impact already
fragile and vulnerable mountain ecosystems in the region. Even without climate change occurring, water
availability and groundwater deterioration have been identified as major development constraints,
with absolute water scarcity predicted as early as 2020 (Ministry of Regional Municipalities and Water
Resources, Sultanate of Oman 2012).

During the last four decades, water tables in Oman, have dropped sharply as demand from rapidly
urbanizing populations has outstripped supply from fossil water and local aquifers. The over exploitation
of the coastal aquifers along Al-batina coast has resulted in an increase of salinity levels from saltwater
intrusion. Currently, more than 16% of the water used originates from non-conventional water resources
(desalination or wastewater treatment). However, in the mid-term perspective, the growing freshwater
demand of the region cannot be sustained by the reliance on fossil water reserves, and the exclusive
remedy will be for water desalination which will going to rise drastically. The desalination plants that
are currently operating in Oman already have adverse environmental effects such as releasing gases, hot
brine, treatment chemicals and other trace elements. Next to the production costs and carbon-emissions
of this energy-intensive industry, their impact on marine life might become a liability.

In the light of the depletion of oil and natural gas and the Vision for Oman’s Economy 2020, for take—off
towards self-sustained growth in a private sector-led and an-oriented economy with diversified sources
of national income, there is a quick need for Oman to build their national strategy for climate change
adaptation and mitigation. Climate change impacts predicted for Oman will adversely affect the extent and
the speed at which long-term, medium and even short-term national development goals will be achieved.
It is clear that the cost of addressing impacts of climate change will far outweigh the cost of no action.
Action on climate change is required across all sectors. A national strategy for climate change adaptation
- is a necessary course of actions. This strategy should integrates and applies the best and most applicable
approaches, tools and technologies. The involvement of policy-makers, researchers, the private sector and
civil society in the elaboration of the strategy and actions plan is vital. Successful mitigation and adaptation
will entail changes in individual behavior, technology, institutions, agricultural systems and socio-economic
systems. These changes cannot be achieved without improving interactions among scientists and decision
makers at all levels of society.
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Education and Public Awareness in the context of Disaster Risk Reduction

Bernardo Aliaga
UNESCO'’s Intergovernmental Oceanographic Commission (UNESCO/10C)
Project manager National Multi-Hazard Early Warning System (NMHEWS) Oman

“We cannot stop natural calamities, but we can and must better equip individuals and communities
to withstand them.” UN Secretary-General Kofi Annan

Disaster Risk Reduction (DRR) and Education

Education in DRR is about building students’ understanding of the causes, nature and effects of hazards
while also fostering a range of competencies and skills to enable them to contribute proactively to the
prevention and mitigation of disaster. (UNICEF&UNESCO, 2012)

A pedagogy that brings knowledge to life, practices skills, challenges attitudes and scrutinizes values is
a pedagogy that is active, interactive, experiential and participatory. Knowledge can be learnt from books
but if it is to be internalized it needs to be drawn upon and tested within real life arenas. Skills need to be
practised if they are to be honed (one would not trust the driver who had learned to drive from a book).

Therefore, and if the message of disaster risk reduction in education is that students should be made
ready to actively engage in pre-empting and facing potential disaster, then the medium through which they
learn should be one of active engagement. In this case, the medium is also the message. A curriculum that
calls students to action while they listen in a passive and sedentary manner will be received as incongruent.

In this talk we concentrate in only one of the several elements of Education and DRR, namely on the
pedagogy of DRR. Other aspects of Education & DRR are the professional development of teachers, the
evaluation of students, the expected learning outcomes and the curriculum for DRR and its integration
into the general curriculum.

We will briefly address 6 pedagogical modalities for DRR in Education, which are described in the book
Disaster Risk Reduction in School Curricula: Case Studies from Thirty Countries, UNICEF & UNESCO, 20121.

The first modality used in DRR pedagogy is interactive learning, by actively involving the students to the
subject, either by discussing, going through interactive multimedia software or having experts visiting the
classroom. It may include brainstorming, discussion in pairs, small or the whole group.

1 A PDF version of this book can be downloaded from http://unesdoc.unesco.org/
images/0021/002170/217036e.pdf
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Two other modalities are affective learning and inquiry learning. Of these two modalities, affective
learning (i.e., learningthataddressesfeelingsand emotions)is the least disseminated. Thisisunderstandable
given that the facilitation of emotional learning requires special skills. However given the increasing
incidence and severity of disasters globally, the sad fact is that pre-disaster learning will increasingly occur
within a post-disaster environment. This has been the case in countries like Indonesia after the 2004
Indian Ocean tsunami, but it has also been the case in Chile after the 2010 earthquake and tsunami.
Inquiry learning is very common, consisting of team case studies, research and analysis. Affective learning
instead proceeds by sharing feelings about threats and disasters or developing empathetic exercises with
those that have suffered disasters.

A proxy of experiencing a disaster is to simulate, through film-making, drama including sketches or
gaming, the real life experiencing of a disaster. This is a modality of pedagogy on DRR that is largely used
in countries like Indonesia.

Much closer to action and development of actual skills to deal with situations of emergency is the
field experiential learning modality. It could include visiting an area that has been affected by a disaster,
like a flooded area, to see onsite the possible escaping routes, the blockage to some of the potential
escaping ways, the force of nature. Interviewing local community members to share their experiences and
developing hazard mapping for schools are other options available to teachers. Visiting a Warning Center
and looking at the forecasting capacities and national hazard maps is another very effective manner in
which students are put face to potential threats and dangers.

But the most definitely action-oriented and by this fact directly fostering a range of competencies and
skills is the action learning modality. Through action learning students may contribute proactively to the
prevention and mitigation of disaster within the context of the community. Examples of action learning
are raising hazard awareness through door-to-door campaigns, or putting in place some structural or non
structural mitigation measures, for example removing tree branches or litter out of a channel or raceway
that is source of small flooding.

Public Awareness and Disaster Risk Reduction

Within the context of DRR Public Awareness concerns the extent of common knowledge about disaster
risks, the factors that lead to disasters and the actions that can be taken individually and collectively to
reduce exposure and vulnerability to hazards. (ISDR, 2009)

Public awareness is a key factor in effective disaster risk reduction. Its development is pursued, for
example, through the development and dissemination of information through media and educational
channels, the establishment of information centres, networks, and community or participation actions,
and advocacy by senior public officials and community leaders.

To note in the above definition by ISDR that Public Awareness may be oriented to reduce exposure.
Exposure refers to people, property, systems, or other elements present in hazard zones that are thereby
subject to potential losses (ISDR, 2009). While in the short and midterm there may be little that can be
done to reduce exposure of existing settlements or economic facilities (i.e. pipelines, coastal villas), there
is a lot that can be done in term of structural and non structural mitigation measures, to save lives and
increase resilience (recovery capacity after an event).

In fact, development contributes to expanding exposure. Recent observations and a growing body of
analysis are now recognizing that when combined with the demographic characteristics of a region, the
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main driver of risk is the growing socio-economic exposure to natural hazards. In the Asia Pacific region for
example, the average number of people exposed to annual flooding has more than doubled from 29.5 in
1970 to 63.8 million in 2010; the number of people residing in cyclone-prone areas has grown from 71.8
million to 120.7 million in the same period of time.

There is therefore a trade off between development and exposure, which is arising more and more in
countries that are achieving developmental targets.

Every country is unique with unique economic, political, cultural factors. Public Awareness is not
prescriptive and requires each country to do its own due diligence and communications priority setting.
There is no one-size-fits-all formula, nor is it likely that many countries would want this, particularly if their
development is linked to it.

However, Public Awareness and Education activities should be guided by three important principles:
sustainability; scalability; and consistency and standard messaging.

Public Awareness for repeated events like storm surges or flash flooding is probably easier to put
in place, adapt, refine and sustain over extended period of time. More challenging is to sustain Public
Awareness activities for disasters that are infrequent, like earthquakes or tsunamis.

This is particularly true nowadays, when the changing face of technology has increased the speed of
communications, the quantity of information available and the mediums by which information is accessed.
Multiple, often competing or false information sources obfuscate the message; while studies show that
before they act, people seek consensus and want validation from many sources, such as friends, experts,
public authorities, respected community leaders, radio, television and web sites. The proliferation of
communication technologies also will make it challenging to maintain and/or build the credibility of the
National Disaster Office to be seen as the single authoritative “voice” for all hazards.

Two suggestions to cope with this problem:

First, to develop clear, concise and precise messages for DRR that are based on a combination of
preparedness actions layered on standardized behavioural responses that are applicable to multiple
hazards.

Second: to use the best available science to create standardised messages that are scientifically sound
but at the same time easily understandable and practical, calling scientist to produce the best knowledge
available about hazards and vulnerability.

At this stage is good to recall that one of the most remarkable contributions of Science to increase
awarenessin a given field of knowledge has been produced within the framework of the Intergovernmental
Panel for Climate Change (IPCC) that has enabled direct discussions at policy-maker level but has also
engaged the wider public in a meaningful discussion about the future of humankind.

In a nutshell, Public Awareness and Education for Disaster Risk Reduction must be scientifically sound
based, practical, and engaging each of us to action.
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A Seismotectonic Approach to Tsunami Hazard Study in the Oman Sea Region

(EW system effectiveness in the region)

Mohammad Mokhtari,
International Institute of Earthquake Engineering and Seismology, Tehran, Iran

mokhtari@iiees.ac.ir

Abstract

Tsunami sources are important in tsunami warning and mitigation. Decisions on tsunami warning and
mitigation commonly depend on data and understanding of where such submarine earthquakes can occur,
how large they can get, what other features can enhance their effect, and how often they repeat. Within
the seismotectonic framework for the Oman sea region we need to consider occurrences of both near and
far field tsunami.

The Makran subduction zone, as near source; originated in the Cretaceous as part of closing of Tethyan
seaways. It bent and broke oceanic sediments into an accretionary wedge that extends nearly 400 km
northward from the present deformation front. Some scientists view the Makran Subduction Zone
as currently being divided into two parts by the Sonne Fault zone. The historical records indicate one
unambiguous Makran tsunami in the east. It was generated in 1945 in the eastern part of the subduction
zone, in association with an earthquake of moment magnitude of 8.1. As for the tsunami, it reportedly
reached heights of 12-15 m in Pasni, just north of the earthquake epicenter.

Using seismotectonic and tsunami wave travel time we will discuss the necessity of collective systems
to predict and or warn the natural hazards. However, such predictions create no benefits unless there is
an appropriate response, and the appropriate response is largely something that takes place at the local
level.

Keywords: Makran, early warning system, Oman Sea, tsunami hazards, seafloor deformation
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Introduction

Tsunamis can be generated in different ways, including earthquakes, marine volcanic eruptions,
underwater explosions and underwater landslides. In this study, however the focus would be on tsunami
caused by earthquakes and, more particularly; earthquakes occurring in subduction zones.

In every case, a large volume of water is displaced, leading to the generation of a series of long waves.
These waves are typically of small amplitude (less than a meter) in deep water, but they travel fast, at speeds
approximately proportional to the square root of the water depth. However, as a tsunami approaches a
coastline, its speed decreases considerably, and its height increases very significantly, often reaching 15 m
or more near the source zone.

An additional impact of earthquake can be observed, when tsunamis are generated by a local earthquake.
Strong ground motion might occur prior to the arrival of the tsunami wave, with potential loss of life and
typically with damage to buildings and infrastructure, possibly including bridges and other evacuation
routes.

From Seismotectonic view point the Makran subduction zone is characterized by the subduction of
the oceanic part of the Arabian plate beneath the Eurasian plate, and extends along the Gulf of
Oman from the Zendan-Minab Fault system near the Strait of Hormuz in the west, to the Baluchistan
volcanic arc in the east (Figure 1). It has one of the largest accretionary prisms in the world with a
thick ( 7 km) unconsolidated sediments (Byrne, et al., 1992, Mokhtari et al. 2008), lying above a shallow
dipping dcollement. The Makran subduction zone appears to be split into two segments (east and west) as
indicated in Figure (1) separated by a sinistral fault known as the Sonne Fault.

Major historical earthquakes have been reported for the eastern segment (Ambraseys and Melville,
1982 and others), but the only event recent enough for a reliable magnitude occurred in 1945 near
Pasni (Figure 2). According to a dislocation model that fits a single observation of co-seismic coastal
uplift, rupture terminated about 30 km offshore, along the shelf edge (Byrne et al., 1992), suggesting a
relatively narrow mega-thrust seismogenic zone. The 1945 Makran earthquake generated a tsunami
that affected the coasts of Iran, Pakistan, Oman and India (Pendse, 1946; Ambraseys and Melville, 1982
and Byrne et al,, 1992). The western segment of the Makran subduction zone may have witnessed
the occurrence of a large offshore earthquake in 1483 (Ambraseys and Melville, 1982), although recent
work suggests this may have been a moderate event that occurred inthe vicinity of Qeshm Island near
Strait of Hormuz, which may have been incorrectly associated with a separate event in the Zagros region
(Musson, 2009). The lack of major earthquakes in the western segment either means the segment has
been locked and accumulating strain energy for hundreds of years or it is creeping aseismically.

In this study after a brief review of seismicity in the region, the tsunami wave travel time simulation in
the Oman Sea region will be illustrated and based on this result, the required early warning system will be
discussed.



International Seminar on Natural Disaster Risk Reduction 74

Figure 1: Plate tectonic setting of the Makran region and the main structural elements, the plate
boundaries in the north of the Indian Ocean are also illustrated. (Modified after Mokhtari et al. 2008)

Seismicity

The dip angle of the slab in the western Makran where it subducts below the overriding lithosphere is
not clear but it bends into the asthenosphere with a dip angle of about 300.

The free air gravity anomaly perpendicular to the eastern and the western Makran show that the gravity
anomaly in the western Makran is more negative compared to the east. This means that the dip angle of
the slab where it subducts beneath the overriding lithosphere is steeper in the west than in the east (Zarifi,
2006).

The present day seismicity in Makran is spars (Figure 2). Moderate to large magnitude earthquakes are
either related to the down going slab at intermediate depths or shallow in the eastern Makran (e.g. 1765,
1851 and 1945 earthquakes), while western Makran is marked with almost no seismicity in the offshore
area at present but might have experienced a strong earthquake in 1483 (Ambraseys & Melville, 1982;
Byrne et al., 1992), however there is not enough evidence at the present to support this information. Page
etal. (1979) have suggested that the presence of young marine terraces along parts of the western Makran,
in Jask and Konarak (Figure 2), provides strong evidence for the occurrence of great thrust earthquakes
in the western Makran. However, other researchers believe that the processes of formation of marine
terraces are disputable and might not necessarily be related to the occurrence of thrust earthquakes (Fitch
& Scholz, 1971; Byrne et al., 1992).

Observation in eastern Makran shows that the rate of seismicity in the westernmost of the 1945
earthquake ruptured zone has been increased (Quittmeyer & Jacob, 1979). This area almost corresponds
to the easternmost of the rupture zone of the 1851 earthquake and there is speculation about recurrence
of a future earthquake in this area (Byrne et al., 1992; Carayannis, 2006).
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Figure 2: Historical (the numbers) and present (red filled circles) seismicity in the Makran Subduction
Zone region and its vicinity.

Modeling and travel time computation

To be able to find out the effectiveness of an early warning system in the context of the tectonic setting
of the Makran region a simulation of tsunami wave travel time computation is necessary. This will indicate
a lead time (allowed time for risk reduction) for different locations along the potential effected coast
lines. As tsunami hazard assessments rely more on numerical computation techniques, more accurate
and detailed initial conditions are expected. Besides the hazard assessment purposes, future tsunami
probability estimates can also help selecting sites for scientific instrumentation such as ocean bottom
tsunami meters, which is an instrument for avoiding the false alarm issuance.

Asitis well understood, the amount of vertical sea floor deformation is the main factor, which determines
the initial size of a tsunami. This is controlled by the earthquake’s magnitude, depth, fault characteristics
and coincident slumping of sediments or secondary faulting (for example the splay faults, Mokhtari, 2014).
Other features which influence the size of a tsunami along the coast are the shoreline and bathymetric
configuration, the velocity of the sea floor deformation, the water depth near the earthquake source, and
the efficiency which energy is transferred from the earth’s crust to the water column.

In this study we used WinITDB software (developed by Novosibirsk Tsunami Laboratory) to simulate
different scenarios for tsunami wave travel time computation. Only two examples are shown in Figures 3
and 4. Based on the result of this simplified modeling the tsunami wave travel time for example for Muscat
would be in the range of 25-30 minutes, assuming the source locations in Figures 3 and 4. Considering this
lead time it seems that an early warning system could considerable contribute to tsunami risk reduction
for the coastal area. However, it is important to mention that this is a preliminary assessment and further
more sophisticate modeling would be required, where a more accurate bathymetry data and also shape
of the coastal region for accurate run-up height to be calculate.

It is important to mention that the source parameter in this study is the same as 1945 event for both
figures.

In this computation the secondary affects of for example Splay Faults as a major strengthening factor for
increasing the risk (Mokhari, 2014) has not been taken into account.
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Figure 3: shows the tsunami wave travel time in the Oman Sea. The contour interval is 5 minutes. Here
a point source as shown as cross has been assumed.

Figure 4: shows the tsunami wave travel time in the Oman Sea. The contour interval is 5 minutes. Here
a plane source as shown in grey color has been assumed

Factors that determine the benefits of early warning systems

The following are the general assessment (main elements) that is required to be considered before any
decision to set up an early warning system:

Frequency, we should investigate to know if the natural hazard is common or rare in the region.

Severity, we should know what is the magnitude of the risk to life or the damage to property that the
hazard could cause?

Lead-time, assuming the warning issued, do we have enough time to react?
Accuracy, we should find out if the warning that has been issued is correct.
Response Costs, we should have some understanding on the costs of possible responses to the warning.

Loss Reduction, we should determine the expected costs of the disaster reduced using the alarm system
assuming that the public reacts to the warning.

Early Warning System Cost, we should carry out an investigation on the cost of a warning system, after
considering the above items. A feasibility study needs to be conducted with great precision taking into
account also the public education and their awareness to full response.

Discussion and Conclusions

Tsunamis are infrequent but devastating events. The tsunami threat faced by Indian Ocean countries
in general and Makran in particular consists of a tsunami from local, regional and distant sources, whose
effects at any location are highly dependent on variations in seafloor shape between the source and the
affected area. These factors if not being implemented accurately will make the design of an effective
tsunami early warning system problematic. The followings are the main conclusion and suggestion that
should be considered:

One of the essential parts of an effective warning system is the tsunami (earthquake) detection. In this
capacity an appropriate seismic network system plays very important role. Therefore, the Oman seismic
network, if combined with other seismic networks in the region, such as Iran, Pakistan, United Arab Emirate
and Yemen will have an important bearing for event detection. It is however important to mention tidal
gauge and if feasible tsunami-meter for false alarm avoidance need to be considered. The other important
aspect is the proper preparedness (education) in regional and particularly in local sense, effective and
easily accessible warring decimation system; well planned evacuation routes are other essential elements.

It is important to consider how modern technology and lessons learned from past tsunamis worldwide
can be combined to create safer coastal communities, with tsunami-aware populations.

Through the effective development of national and local capabilities, EWS can play an important role
in risk reduction. However, it must be stressed that national risk reduction strategies should not rely
solely on EWS. If risk considerations are not adequately factored into national development strategies,
disaster occurrence and loss will continue to increase, with or without the improved EWS capabilities. EWS
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should thus be seen as a “last line of defense” for dealing with unmanaged risks. EWS must therefore be
developed as an important component of much wider national risk management and reduction strategies.
If developed as “stand alone” systems EWS may contribute to generate a false sense of security leading
to indifference and passivity in vulnerable groups and sectors as well as national disaster management
agencies and systems.

As mentioned the tsunami is infrequent, so a multi-hazard early warning system to contain as many as
possible natural hazard should be considered from both practical and financial view point.

Asthere are very few (Tsunamigenic) historical seismic events known in the region, further Paleo-tsunami
investigations could be very useful in the region as a major tool for tsunami reassurance assessment.
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Final Statement

International Seminar on Natural Disaster Risk Reduction

28-29 October 2013, Sultan Qaboos University

Earth is exposed to many natural phenomena that cause disasters and risks, some of them are noticeable and
devastating and others cannot be seen with bared eyes; however, they have influential impacts on the long run
. Natural disasters require overlapping and effective efforts to reduce their impacts on the local, regional and
global level. Hence comes the importance of the International Seminar on Natural Disaster Risk Reduction,
organized by the Ministry of Education, represented by the Oman National Commission for Education, Culture
and Science, in collaboration with Sultan Qaboos University, represented by the Department of Geography,
Faculty of Arts and Social Sciences, and the General Authority for Civil Aviation, with the participation of some

local institutions and international organizations.

The main objective of the seminar has been to raise community awareness of the risks of natural disasters, and
to recognize the most important studies and modern systems used to reduce the impacts of natural disasters, in
addition to identifying forms of natural disasters that the Sultanate of Oman is exposed to. Some of the seminar
papers have shown that Oman, due to its geographical location, is vulnerable to drought and desertification. The
geographical location and the fact that Oman overlooks the Arabian Sea, add another feature as it boarders re-
gions of emergence of tropical cyclones that form in the Arabian Sea with predictable paths. These cyclones may
be accompanied by heavy rains and winds . On the other hand, being on the edge of the Arabian Peninsula on

a tectonic plate, makes Oman and neighboring areas prone to earthquakes and accompanying tsunamis waves.

The seminar have attracted, during the session, a group of directly related experts who undoubtedly went over
their most significant expertise and experiences and their most significant insights to reduce the risk of natural
disasters. Later, a set of recommendations were developed to be submitted to the decision-makers in the Sultan-

ate of Oman for implementation in their respective fields.

1. Study the establishment of a national center for crisis and disaster management that is tasked to set a

clear strategy to reduce the risks of natural disasters, taking into account planning, development, sus-
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tainable development, integration, unification of efforts related to disaster management, review plans

for the management and follow-up of all the studies and research, and hold conferences and seminars.

Believing in the importance of science and knowledge, the participants in the International Seminar on

Natural Disaster Risk Reduction recommend the following:

A. Study the establishment of a research chair at Sultan Qaboos University for the science of crisis and

disaster management, and the establishment of a parallel specialization and a postgraduate program.

B. Renovate and the introduce specialized units on disasters and ways to deal with them within the
curriculum and educational activities for the different cycles, connecting that with training and reha-

bilitation for educational staffs.

C. Continuously develop voluntary work programs in public education and higher education in par-

ticular.

D. Development of media and training programs to help raise awareness, and ensure effective contribu-
tions of the various segments of society (including the disabled, taking into account their particular-
ity) using all means of communication and modern technology to inform about how to best handle

disasters at all stages.

Take advantage of international expertise and promote the transfer of knowledge, technologies and best
practices to respond to disasters at all stages through partnership and communication between countries

and international organizations. The practical activation of related conventions and protocols.

Continue to evaluate and develop infrastructure to ensure effective performance during crises and di-

sasters.
Study the possibility of building appropriate shelters to receive populations affected by disasters.

Increase human and mechanical potential, raise the level of training and qualification of personnel, create
trained and specialized local capacities in all branches of knowledge and action, and make sure these ca-

pacities join local and international seminars and conferences to gain expertise and experience in this area.
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7. Participants stress the importance of early multi-hazard warning systems as an effective tool to save
lives and property in disasters and emergency situations as a key element in disaster risk reduction, and
give sufficient care to raising the capabilities of early warning systems and adapt related typical and

renewed tools.

8. Effective coordination to keep up with new developments, upgrade operation centers and exchange
information between the countries of the region on ways to cope with disasters in a way that ensures

synergy and integration between all countries to confront these disasters.
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