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STUDENT PREFACE
Suranaree University of Technology, located in Nakhon Ratchasima, Thailand, hosted the 1999
Summer Session Program of the International Space University (ISU). It is the first time that
ISU has held a programme in a developing country. The contrast between modern technology
and traditional customs in Thailand was new to many of us. Since the ISU is a high technology
institution, it was a challenge and opportunity to bring space activities down to earth. Her
Royal Highness Princess, Maha Chakri Sirindhorn' s research and interest in resource
management using earth observation and remote sensing made us feel confident that we are
contributing to a truly worthwhile cause. Furthermore, Her Royal Highness Maha Chakri
Sirindhorn's presence at our opening ceremony was not only an honour but also an inspiration
for us all. We would like to take thi s opportunity to thank Her Royal· Highness Princess Maha
Chakri Sirindhorn for showing her interest in ISU and for her dedication to space technologies'
contribution to humanity as a whole.
The ISU 1999 Summer Program has been more than an academic experience about space
issues. It has also been an opportunity to interact with people from 25 other nations , learn
several other languages, including Thai, and encounter a wide variety of opinions, thoughts,
and concepts about the world. The diversity of different cultures and the confrontation of
different worlds is the essence of the 1999 ISU South East Asia Disaster Management System
(SEADS) desigP project. This project aims to enrich international co-operation between
national governments and international and local organisations within the region. SEADS'
main intention is to complement existing systems with valuable and practical solutions to
common problems of natural disaster management, such as education and basic
communications.
We are international students and came to a new country to learn. lnitiaiiy, we thought that
transferring high technology from the developed countries was the answer to disaster
management problems. But after considering the political, social, and cultural elements of a
developing Asian country, we realised that what is used in a developed country is not
necessarily useful for a developing country. This was one of the valuable lessons we learned
from SEADS. We have made an effort to improve the approach to the common problems of
developing countries by thinking locally and understanding basic issues such as education.
SEADS is not about blindly introducing new high technologies. It is focussed on using existing
systems and understanding the needs of the South East Asia region . After interacting with local
experts in disaster management, we were able to suggest technological complements to existing
systems. Technology has to adapt to the needs of humanity. It is a medium to transform the
reality or environment we live . in. We have demonstrated how space technologies are
improving the quality of life for many people and hope that we are playing a part in space
technologies' contribution to humanity in the future.
When a natural disaster strikes one country, it affects the rest of the world as well, since aid and
assistance come from around the world. SEADS has granted us the opportunity to use our
expertise in space technologies while increasing our awareness of the needs and problems of
the developing world. We need to speak a common language to understand the problems
affecting ail of us. This summer has been an experience in learning a fresh approach towards
our common problems.
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FACULTY PREFACE
The disaster management project team at the 1999 summer session of ISU intends,
through this report and also some activities after the session ends, to contribute to improved
disaster management in South East Asia.
To confine their project to a manageable scope for the ten-week session, the 46 students
elected to focus on flood disasters in Thailand and adjacent countries. However, they do
believe, and to some extent demonstrate in this report, that their design solutions can be applied
more widely in three ways: first, to longer time horizons, second, to a broader geographic
region, and third, to constructive development efforts as well as to disasters.
The combination of history, politics and geography in the region makes flood disaster
management a complicated problem for governments and aid agencies. However, progress is
occurring. In particular, preventive efforts arc advancing as it becomes evident that preparation
can reduce the demands of relief.
This report is intended to fit into an existing structure of proposals, plans and actions
resulting in a progressive implementation, over time, of systems for disaster management in
South East Asia. The special contribution of this team has been to examine the role of space
systems in that implementation, starting with the simplest, lowest-cost solutions that could be
effective immediately (e.g., just improved ground communications using space-related
capacities already present in the region) and going into the future with space, airborne and
ground capacities more advanced both technically and politically.
To provide consistent designs and specific recommendations, the team chose 2005
(Year 2548 of the Thai calendar) as a baseline year for description of a flood disaster
management system for Thailand and adjacent countries. A system that could be operating
then should be considered as one step in an ongoing process. The students have shown concern
for present realities in the region, while at the same time setting an optimistic target for the near
future. We, their project faculty and teaching assistant, are honoured and pleased to have been
associated with this energetic group and we commend their results to the reader.
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NATURE, HUMANITY, & DISASTERS
Observing our Earth from orbit, Pham Tuan perceived our natural
world in its unity and solitude, as both a fragile and powerful entity.
As members of the community of living beings, we have evolved in
this Earth environment, learning to draw resources to accommodate our
survival.
In recent years, we have grown to realise to what extent our exploits
may impact our fragile environment. If we humans can observe,
understand and share with one another information on how nature and
human activities mutually influence each other, could we ensure a
more harmonious existence for our future generations?
As the International Decade for Natural Disaster Reduction draws to a
close, there is compelling evidence that humans are experiencing
increasing devastation from natural disasters. Natural disasters have
increased threefold over the past ten years. Their cost has risen by a
factor of nine. Last year, 300 million people were affected by natural
disasters and this trend is ever increasing.
The people of South East Asia are subjected to floods, droughts,
tropical cyclones, earthquakes, landslides and volcanic eruptions. The
population within South East Asia (SEA) is 516 million and over the
next 10 years that number is expected to rise by 17%. The combination
of high population density, poor infrastructure and the vulnerability of
people in hazard-prone areas mean that disasters will cause greater
devastation. The resulting loss of life and damage to property and
infrastructure is enormous.

July 1999: Chanthaburi province is hit by severe flooding,
causing 6 deaths and US$9M economic damage. Photograph courtesy Bangkok Post.

Over the last fifteen years, an average of 1,600 people died annually as
a direct result of natural disasters in South East Asia. In addition to the
death toll, almost seven million people were affected or displaced from
their homes as a result of natural disasters. Throughout this period, the
economic losses exceeded US$375 million, this represents a significant
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percentage of the economic health of South East Asian nations.t. 2 .3· 4
The severity of adverse natural phenomena seems to be increasing over
time. In addition to a rapidly increasing population, the incredibly fast
pace of development has led to environmental degradation, which often
exacerbates the effect of disasters.
The South East Asia Disaster Management System (SEADS) sets out to
remedy this situation by identifying shortcomings and recommending
solutions. SEADS focuses on integrated solutions to functional
shortcomings in existing regional systems. The initial focus is on
flooding in four mainland South East Asian countries, namely
Cambodia, Lao People' s Democratic Republic (PDR), Thailand and
Vietnam. It serves as a baseline for the progressive implementation of a
regional and then global disaster management system.

SEADS MISSION
To design a cost effective disaster management system for South
East Asia covering preparedness for, mitigation of, response to and
recovery from natural disasters. It will address both social and
economic impacts. The system should be operational by 2005.
A disaster management system is defined as "the body of policy and
administrative decisions and operational activities which pertain to the
various stages of a disaster at all levels" , according to the United
5
Nations.
The four phases of disaster management
preparedness, mitigation, response and recovery.

•
•
•
•

were

identified as

Preparedness corresponds to the long-term pre-disaster phase.
Mitigation is the short-term pre-disaster phase.
Response is the short.-term post-disaster phase.
Recovery corresponds to the long-term post-disaster phase.
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The principal objectives of the disaster management system are to save
lives and reduce property damage. At the same time, the proposed
solutions must be cost-effective. SEADS also highlights areas where
improvements can be made and suggests solutions that build upon
existing technologies and organisations for flooding in the selected
countries. Additional benefits of the disaster management system ,
arising in national development programmes will also be considered.
The system, like any other, will be constrained by the available budget
as well as the political interests of the involved countries. In the interest
of maintaining a cost-effective system, the programme solutions will
use current and emerging infrastructure and technology.
Projecting the timeframe too far into the future would require the
programme to rely on infrastructure not currently in existence and to
make predictions about the capabilities of that infrastructure. In
addition, political viability will depend on realising tangible progress
within the lifetime of a typical government. Some SEADS solutions
can be implemented immediately and more advanced capabilities could be operational by 2005.

APPROACH
A "simple and expandable" philosophy for implementing a disaster
management system was selected. The demonstration of tangible
benefits in the near term can serve as a basis for constructing a
sustainable programme. The scope of the initial implementation is
flooding as it constitutes the predominant threat to human activities in
mainland South East Asian nations. Cambodia, Lao PDR, Thailand and
Vietnam were chosen for the baseline disaster management
programme. The countries have a attitude of co-operation facilitates
joint efforts. They are also representative of the region, as they have
different levels of development, varied economic resources, wideranging levels of infrastructure and diverse political systems.

~

There are clear benefits in keeping the scope of SEADS international.
These include sharing regional resources, expanding goodwill, and
promoting regional development. Expansion and improvement of the
programme are contingent upon the success of a baseline group that
shares a common interest in reducing the damage done to its societies
by natural disasters.
Cambodia, Lao PDR, Thailand and Vietnam share watershed and have
similar disaster susceptibility. SEADS focuses on the disaster interests
and management systems that are common to the selected countries.
They share environmental forums, one of them being the Mekong
River Commission, which deals with sustainable use of environmental
resources.
Two key players are identified within the disaster management system.
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Due to the sensitiVIties of some data collection and dissemination
approaches, the end-user will be the national governments. The
national governments will also be the end users of the technologies for
economic development and other spin-off opportunities. The ultimate
beneficiaries of the disaster management system are the people.
REQUIREMENTS

Certain requirements are needed to address the user needs. These
requirements are not only technical, but also political, legal, financial
and educational.
Politically, the required information must be secure and shall not
conflict with any national interests. SEADS shall assess the economic
impact of floods and report the extent of any economic damage.
A disaster management system supports all phases. This may be
accomplished through information collection, information processing
and communication.

Subsystems and Functions
Observotlon

Information

Processing

.~
Dlooemlnotlon
to Benellc:lorieo

The data used to monitor hazards must cover the appropriate
geographic region. Sufficient resolution of the data is required, in both
time and space, to have accurate results. The data must be processed to
get a risk assessment plan using data taken over time. This relates an
average risk level at each location, which is useful for development in
the preparedness phase. Throughout the mitigation phase, there is a
need for hazard prediction maps that are used for warning people in
time. During the response phase, the extent of flooding must be
monitored in near real-time. Recovery is facilitated with information
relating disaster impact to location.
The system operators must be trained in data collection, processing,
communications, security, control and reporting elements. The
XXX
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information generated by the system is of no use if it cannot be relayed
to the governments in an effective manner. The users must be trained to
understand the system interfaces.
The information relayed to the beneficiary must be universally
distributed in a timely and reliable manner. The system should clearly
convey the severity level while minimising the incidence of false
alarms. All beneficiaries must understand the information, which is
unambiguously encoded in an auditory or visual format. The disaster
management system shall assist in educating the beneficiaries in the
nature and risk of floods and their interconnection with the
environment.

GEOGRAPHIC INFORMATION SYSTEM
To manage and assess all phases of flood disasters, it is necessary to
combine space and ground based observations of flood-prone areas
with other baseline data using a Geographic Information System (GIS).
A GIS is a tool that integrates many types of data, having a common
geographic reference, into an integrated computer-based system. The
information, usually in map form, is used for the four disaster phases.
Protecting one area from floods with dams and levees tends to worsen
the situation in other areas, as the water must be redirected. This
stresses the importance of managing the flooding over an entire river
basin. In addition, the drainage basin changes due to flowing water as
well as human activities. As a result, the maps of flood risk areas must
be continuously updated, using the GIS.
During the preparedness phase, the key parameters deal with the
mapping and modelling of the drainage basin. A Digital Elevation
Model (DEM) is the base for the mapping of the drainage area and the
floodplain. The accuracy of the available DEM has a direct impact on
the accuracy of the flood-plain map. Land-use maps are used to assess
the dynamic behaviour of flood water and its impact on infrastructure.
In addition, land-use mapping is also needed for rural and urban
planning, and to estimate deforestation.
During the mitigation phase, the current precipitation, soil moisture,
water level and the tidal condition are essential elements that must be
applied to the flood model in order to produce reliable flood risk maps.
Flood warnings and evacuation plans are issued based on these maps.
The response to a flood is faster and more effective if the onset of the
flooded areas can be predicted.
During the response phase the precipitation, soil moisture, water level
and the tidal conditions must be monitored, just as in the mitigation
phase. In addition to these, the extent of the flood must be mapped and
the assessment of flood damages begun. Lives can be saved by
directing response efforts towards areas that have suffered most from
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the floods, as well as by evacuating people from areas that will be
flooded soon.
Mapping of damaged infrastructure occurs during the recovery phase.
Since flooding may have changed the land use, for example by
converting rice paddies to wasteland, the land-use map must be
updated. The flood-plain maps with the new drainage network
information are updated accordingly. The updated map is fed into the
preparedness phase for the next flood.

SHORTCOMINGS TO CURRENT
APPROACHES
A comparative analysis was used to identify a number of shortcomings
in the existing systems. Issues falling under technological, legal and
policy, social and educational, and financial arenas were examined.
More accurate risk assessment maps can improve current flood
management systems. There is no consistent standard for determining
the severity of a flood hazard. Often, warnings do not reach all
• beneficiaries due to a gap in the communication infrastructure.
There is a need to increase communication and work co-ordination
between national governments. This includes communication and the
sharing of data and information. At the international and national
levels, there is a need for precise and comprehensive legislation to
provide policy framework for disaster management. 6

i

i~~~~~~~· The principal social and economic issues include a lack of awareness

by the people at the local level of the connection between the
environment and the risk of floods. In addition, there is a need for
improvement of the quality of training at all levels.

~~~~~!4·

The most significant financial shortcomings are a general lack of
funding, specifically for technology-driven projects. Satellite imagery
is available, but it is usually too expensive for this region. Disaster
management programmes need to be promoted more actively,
especially by linking them to economic and social development.

RECOMMENDATIONS
The first recommendation is to further develop reliable base maps and
prediction models using data processing and GIS tools. This may be
accomplished by translating sensing data into useful information that
can be easily interpreted. Developing a standardised flood severity
scale will provide a uniform framework for communication. The GIS
can be used to produce hazard risk maps at various scales. As well, it
can forecast in the mitigation phase and diagnose flooding in the
response phase and monitor land use changes in the recovery phase .
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The hazard information is of no use if it cannot be communicated. The
second recommendation is to improve the communication
infrastructure by connecting existing systems and applying appropriate
and affordable solutions. Existing systems could be improved by
complementing them with space-based technologies, wireless
technologies and high-speed landlines. Radio stations may also
broadcast hazard-related information to the beneficiaries in local
languages.
Communication should be improved between governments and
organisations. This may be accomplished through joint disaster
management exercises, panels for disaster management as well as a
partnership programme that focuses on education through
communicatior. experience. In addition, communication can be
facilitated through the establishment of a central data information
system, and community steering committees.
The organisational system should be improved by setting up a one-call
co-ordination information resource centre. SEADS should utilise
existing organisations, for example draw on the experience of the
Mekong River Commission, to sharpen the focus on disaster
management. Arranging quarterly meetings between research
organisations and government watershed authorities, and organising
volunteer emergency response teams would help the disaster
management effort.
Incorporating hazard and disaster themes into the national education
syllabus of each country as well as training the disaster management
trainers are essential in raising public awareness. In addition, personnel
exchanges and establishing prizes for communities having top
performance in areas related to disaster management will provide
incentives.
The formation of national disaster relief laws in each country would
improve disaster management efforts. Addressing health issues is also
key. Workshops should be established to raise funding and share
experience.
Finally, as with any system, cost is always an issue. There needs to be a
change in the attitude of governments. Preparedness, with its
development element, would create greater long-term benefits in terms
of lives and money, rather than the current focus on short-term relief.
External funders, concerned with development, should see the value of
investing in disaster management as well.
Already there is a greater awareness of the importance of disaster
management. In August 1999, the United Nations Conference on the
Peaceful Uses of Outer Space recommended making free satellite
imagery available to countries affected by disasters. The European
Space Agency (ESA) and French space agency (CNES) announced a
plan to create a Space System Operators' Charter to promote disaster
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management support. Upon the request of the countries that have
signed the Charter, ESA and CNES will make their best effort to
rapidly provide the relevant data.

ADDITIONAL BENEFITS
By meeting key requirements of an ideal disaster management system,
, it is possible that the solutions suggested by SEADS can add value to
arenas beyond disaster management. For example, such benefits may
arise from the enhanced cooperation between different national
agencies and institutions, from the application of an appropriate legal
framework, and from multi-disciplinary work spinning off in other
fields.

•

Economic and Social Development Programmes: The strong
relationship between disaster management and development must
be stressed. Development programmes must therefore, among other
objectives, address disaster management. Natural disasters can ruin
years of development efforts, for example hurricane Mitch in
Central America in 1998. Disaster management is a key point to
allow development and combat poverty in developing countries,
and must be wisely integrated into existing development
programmes. Increasing collaboration in disaster management can
lead to increased co-operation in other ways.

•

Water Resource Management: Flood management is intimately
related to water resource management. Both fields share the same
observation technology. This includes water storage, management
of irrigation water, watersheds and water quality monitoring and
management. The management of water resources also
encompasses maintenance of sustainable fisheries.

•

Geological Resource Management: Remote sensing images
integrated in a SEADS GIS can be used to update geological maps
for mineral and hydrocarbon exploration.

•

Land Use and Soil Information: Land use/cover assessment and
monitoring is another spin-off from comprehensive disaster
management systems. Soil information, forest types, crop control,
production estimates, deforestation monitoring are only a few of the
functions provided by remote sensing observations and efficient use
of GIS. They can be used for agricultural planning, import-export
negotiations and storage, or pricing and distribution of agricultural
commodities.

•

Environment and Land Degradation: There is a critical correlation
between disaster management and environmental issues. One of the
sources for flooding, for example, is large-scale deforestation and
inappropriate farming practices, particularly the cultivation of
marginal lands without soil conservation measures and adequate
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watershed management. Therefore any comprehensive disaster
management system will automatically be usable for environment
control and conservation or biodi versity management.

•

Rural and Urban Planning: The combination of the previous
applications can allow for better rural development planning, which
is of importance in developing countries as their economies are
often based on agriculture. The risk assessment maps produced by
SEADS can also be used in urban planning to assist in effective
zoning.

•

Man-Made Disasters: Benefits of SEADS in this area range from
co-ordinating cleaning activities to identifying those responsible,.
and assessing the magnitude of the damage to the ecosystem. A
good communications infrastructure and a well co-ordinated
warning and response system for natural disasters will be equally
applicable in the case of man-made disasters. The system will also
find useful applications in water pollution monitoring.

FUTURE DIRECTIONS
The next step is to facilitate discussions on disaster management at
many levels including scientific, regional, national, as well as
international forums. In addition, funding must be secured from donor
organisations to implement the recommendations. The process of
implementing the disaster management system to the local agencies
like the Mekong River Commission can then be carried out in the near
term.

1 Reliefweb, "Natural Disasters", Last Updated Date, 1999,
http://wwwnotes .reliefweb. in t.
2 VITA, "International Disaster Situation Reports", 1999,
http :1/vwww. vi ta.org/di saster/si trep/.
3 Munchener Ruckversicherungs-Gesellschaft (Munich Re Singapore
Branch), "Listing of Natural Disasters in Philippines & Indonesia for
period 1992-1997".
4 Phouyavong, S., "Natural Disasters and Mitigative Measures in the
Lao PDR- Country Report", Asian Disaster Reduction Center.
5 Internationally Agreed Glossary of Basic Terms Related to Disaster
Management, United Nations Office for the Co-ordination of
Humanitarian Affairs, Geneva, 1992.
6 ADPC, South East Asia Diagnostic Study for CRED and European
Community Humanitarian Office (ECHO), 1998.
7 European Space Agency,
subs.esa.int: 8330/pressows/documents/news/11 1999/press31.html.
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INTRODUCTION
Whenever man comes up with a better mousetrap,
nature immediately comes up with a better mouse.
James Carswell

1. 1

BACKGROUND

Natural disasters cause massive loss of life, destruction of homes and displacement of families.
For instance, last year alone over 300 million 1 people suffered as a result of disasters.
Earthquakes, hurricanes and rainstorms alone have caused over US$100 billion in damage in
the last year.2
People also have a direct impact on nature. Their choices and behaviour can drastically change
the global environment. For example, deforestation has a direct impact on natural disasters
including droughts and floods. Rising population growth has forced people to settle in disasterprone regions. To ensure their own safety, people must recognise the impact of their choices on
global environmental changes and take control of their actions.
The United Nations International Decade of Natural Disaster Reduction is drawing to a close.
It has not been successful. The number of disasters has risen by a factor of three in the last ten
years; the cost of their damage has increased nine times over. 3 Obviously, there is still a great
need to provide a set of solutions for sustainable disaster management. Effective disaster
management must provide solutions for varying needs on the technical, political, economic,
legal and social aspects before, during and after the disaster. The quality and value of such a
system depend on the timely, affordable and accessible availability of the relevant information.

Disaster management is "The body of policy and administrative decisions and operational
activities which pertain to the various stages of a disaster at all levels," as defined by The
United Nations Office for the Co-ordination of Humanitarian Affairs.4
The Southeast Asia Disaster Management System (SEADS) offers a solution-based approach to
disaster management and it discusses a high-level view of the existing situation. It identifies
the gaps of existing systems and offers progressive solutions based on the availability of
resources in and for the selected countries.

1 .2

SOUTH EAST ASIA: ECONOMIC AND SOCIAL IMPACT OF
DISASTERS

South East Asia. is a wide region made up of diverse countries, see Figure 1-1. These countries
are making significant efforts to co-operate; for instance through the economic, political and
security forum, the Association of South East Asian Nations (ASEAN). Despite the cooperation efforts, South East Asia is too large a region to discuss all aspects of disaster
management.
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To be effective, SEADS will focus on specific countries, Cambodia, Lao PDR, Thailand and
Vietnam and a specific disaster, floods . The selected countries are representative of South East
Asia: they have different levels of development, varied economic resources, wide-ranging
levels of infrastructure and diverse political systems. Depending on the resources of the
countries, some of the solutions proposed may be implemented immediately and some in a
progressive manner. By using a "simple and expandable" philosophy, SEADS intends to
extend the solutions into wider geographic region s and to additional kinds of disasters over
time.
~
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Figure 1-1 Map of South East Asia
Floods, droughts, fires, tropical cyclones, earthquakes, landslides and volcanic eruptions all
affect South East Asia. Every year, people die, homes are lost, and families are displaced by
the devastation of natural disasters. Approximately 50 percent of the world's natural disasters
1
occur in Asia and the Pacific.
There are 516 million people in South East Asia, which is 8.6% of the world's total population.
It is expected that over the next 10 years the number of people in South East Asia will increase
by 17%.5 Consequently, poorer families must settle in disaster-prone areas with minimal
infrastructure. The combination of the high population density, poor infrastructure and the
vulnerability of these areas will lead to a higher impact of any occurring natural disaster. In
addition to a rapidly increasing population, the incredibly fast pace of development has lead to
environmental degradation, which often exacerbates the effect of disasters.
In poor areas many people are affected by disasters. Examples of these effects include loss of
life, destruction of homes and schools and severe impairment of agricultural areas. In the
future these problems will become worse because of the rapidly increasing population.
As a result of natural disasters, the countries in South East Asia are significantly affected by the
destruction of natural resources that could otherwise have been used to improve their country
both socially and economically. For this reason, it is imperative that the governments of the
2
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countries prone to disasters concentrate on all phases of disaster management, especially
preparedness as it links so closely with sustainable development.
Much of the damage resulting from natural disasters could be reduced, or even prevented, if
information regarding the onset and course of such disasters were better known and
communicated. Over the last ten years, understanding has grown about the importance of interconnection and communication between government officials, development organisations, aid
workers, scientists, engineers and people in the cities and villages. Thi s endeavour should span
all levels of government and may involve many non-government organisations, national as well
as international. Disaster management is not simply a problem of applying technology. It is a
very significant political, organisational, legal and policy challenge; one that encompasses very
real human elements.
Natural disasters do not recognise political boundaries and to combat them successfully we
must learn to do the same, look beyond borders. The governments within South East Asia
sometimes have political problems but they must cope with major disasters that cross their
borders.
A disaster is not over when the rain stops or the earth stops shaking. The displaced and injured
must be fed, provided with medical care and shelter. After the devastation of the event,
recovery begins and often goes on for many years. It can take many years before the affected
infrastructure, the agricultural and the industrial areas have been rebuilt. The development
process can be set back for years or even decades.
Within South East Asia, many institutions including the UN, the Red Cross, the Asian Disaster
Preparedness Centre (ADPC), national and local governments and the local military are
involved in responding to disasters. Each of these has its own method of conducting relief
efforts and often without the advantage of communication amongst themselves. Also they may
lack detailed information regarding the terrain they are dealing with and the status of
communication infrastructure within the affected areas.
The aim of SEADS is to highlight areas where improvements can be made and to suggest
solutions that integrate and build upon the existing technologies and organisations.
In Table 1-1 an overview is provided of the types of disasters occurring in South East Asia and
1
the magnitude of their impact.
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Table 1-1 Disasters in South East Asia and their Impact1
Cyclone

Flood

Drought

Earthquake

Volcano

Landslide

Tsunami

Fire

Indonesia

L

M

M

M

L

L

M

LaoPDR

M

L

-

-

M

-

L

Myanmar

M

M

M

-

-

Malaysia

-

-

-

Philippines

s

M

M

M

L

Singapore

-

-

-

Thailand

M

L

s

-

-

Vietnam

s
s
s

s
s
s
-

s

L

L

L

L

L

s
s
L

L

(S =severe impact, M =moderate impact, L =low impact)
No Data in Reference 1 for Cambodia or Brunei.

Vietnam is severely impacted by natural disasters. In the last 15 years, it has suffered from 19
typhoons, 7 floods, 1 drought, 1 storm, 1 tsunami and 1 gale. 1 These disasters caused almost
8000 fatalities and over 21 million people were affected and displaced. The total UN
contribution to Vietnam exceeded US$ 1.5 billion. 1 This is significantly less than the total cost
incurred due to the devastation of natural disasters.
The economic impact of disasters in South East Asia is not limited only to the region. For 1998
the total economic aid for national development programmes is estimated at US$ 50 billion. 5
These programmes have been severely impacted by disasters and part of the investment will be
lost. The UN, World Bank, International Monetary Fund (IMF) and the Asian Development
Bank have a clear interest to reduce the impact of the disasters because of their heavy
investment in development.

1 .3

PROJECT MISSION

SEADS mission statement is:

Design a cost-effective disaster management system for South East Asia covering
preparedness for, mitigation of, response to and recovery from natural disasters. It will
address both social and economic impacts. The system should be operational by 2005.
For SEADS, a system is a set of solutions that will complement the disaster management
infrastructures already in place.
Several disaster management systems are already in place within the South East Asian region.
Each of these endeavours is focused on a specific aspect of disaster management or
implemented only within a limited geographical region or timeframe.
The objective of this project is to highlight areas where improvements can be made and to
suggest solutions that integrate existing systems.
The economic realities of these countries' must be taken into account and any proposed
solutions must be feasible with respect to their limited resources. As well as addressing the
obvious economic impacts the recommended solutions will also encompass social aspects such
as education.
4
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The implementation date is set at 2005 for two reasons:
);>

To enable accurate and realistic forecasting of emerging technologies.

);>

To provide a realistic timeframe - some solutions can be implemented immediately and
some progressively.

The mission objectives are defined as follows:
);>

To assist in saving lives and property.

);>

To recommend cost effective solutions.

);>

To address the needs of national development.

The mission constraints are shown below:
);>

Available budget,

);>

Current economic and political status,

);>

Current and planned:
•

Infrastructure,

•

Technology.

South East Asia is subject to many natural disasters beth of a geological and meteorological
nature. To provide credible solutions it is necessary to confine the scope of work by both
limiting the region of focus to Cambodia, Lao PDR, Thailand and Vietnam and concentrating
on a specific natural disaster, flooding.

1 .4

REPORT OVERVIEW

The results of this project are reported in 8 chapters.
Chapter 2 describes the types of disasters in the Southeast Asian region and their distribution ,
the regional impact of those disasters , as well as the phases of effective disaster management.
Also, the main terminology required for the report is introduced.
Chapter 3 depicts the scope of this project and further explains the specific disasters and
regions emphasising a rationale for the selection of disasters with respect to the geographical
location. The requirements of an ideal disaster management system for flooding are also
established.
Chapter 4 summarises current and planned technologies, infrastructures and organisations for
disaster management in South East Asia.
Chapter 5 identifies and discusses gaps in the existing infrastructure for disaster management
based on its comparison with the requirements introduced in chapter 3.
Chapter 6 recommends solutions, individually or in combinations, which address the identified
gaps. Also included is an approach for progressive implementation for the short, medium and
long term.
Chapter 7 summarises the spin-offs that can result from the implementation of the disaster
management system.
• Sf'ACI UN1VIMlfY
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Chapter 8 synthesises the results of this project including conclusions and recommendations for
next practical steps and future work.

1 .5
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2

NATURAL DISASTERS IN SOUTH
EAST ASIA
Nature is not human-hearted.
Lao-Tzu

2.1

INTRODUCTION

As indicated in chapter 1, South East Asia experiences a notable percentage of the world' s
natural disasters. The purpose of this chapter is to place in context the disaster management
discussions and recommendations later in this report by examining the impact of natural
disasters on the countries of South East Asia. It also defines and highlights the different phases
involved in disaster management. A specific definition for these phases will be introduced.

2.2

THE IMPACT OF DISASTERS IN SOUTH EAST ASIA

In this section, the natural disasters that occur in South East Asia are characterised and their
impact on the different countries quantified. Finally, a summary of the major natural disasters
in each country provides a broader outlook on the current situation and the potential problems
in South East Asia.

2.3

SOME BASIC DEFINITIONS

In order to avoid confusion, it is necessary to define some terms related to disaster
management, since they are often used interchangeably in reference works. For the purposes of
SEADS, the following definitions will be used:
Hazard: any phenomenon, material or structure that has the potential to cause
disruption or damage to people, their property or their environment.
Disaster: an event in which the impact of a hazard results in unacceptable levels of
damage or numbers of casualties.

Hazards and disasters are usually classified as natural if they are directly caused by natural
phenomena or man-made if they are a consequence of direct human intervention. Man-made
disasters, such as oil spills and chemical fires, and human-induced natural hazards like global
warming, are beyond the scope of this report. They can however, influence or even indirectly
cause natural disasters and may have a long term effect on meteorological conditions. Human
activities such as inappropriate farming methods, without the use of soil conservation measures,
and deforestation can also contribute to increasing the severity of some natural disasters, like
floods.
The main natural hazards and disasters can be divided in two groups: they are either principally
weather-related/meteorological or principally geology-related/geological, as described below.

7
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The three main meteorological disasters are:
);>

Flood

};>

Tropical cyclone (Typhoon)

};>

Drought

The two most important geological disasters are:
};>

Volcanic eruption

};>

Earthquake

Some other important natural disasters in the South East Asian region are:
};>

Tsunamis

);>

Landslide

};>

Fires

Further definitions of disaster-related terms can be found in Appendix I.
2.3.1

EVALUATING THE IMPACT OF DISASTERS IN SOUTH EAST ASIA

To characterise and evaluate disasters in the different countries of South East Asia, objective
measures in the form of matrices were used in order to reach a decision on the focus. A set of
matrices was developed to compare the quantitative data for each disaster in each country using
different criteria. These include:
);>

The number of fatalities per year by each disaster in each country;

};>

The number of people displaced per year by each disaster in each country;

};>

The cost in US$ per year of damage caused by each disaster in each country;

};>

The cost as a percentage of Gross National Product (GNP) per year of damage done by each
disaster in each country;

};>

The average frequency or occurrence per year of each type of disaster in each country.

Information on disaster types was collected for each of these ten countries (see Appendix II) to
give an indication of the extent to which the disasters and categories affect the region. It is very
important to note that the given data in each case represents a minimum for the given disaster,
country and criteria.
Several sources do not have any information available about some specific disasters, or even if
they do, it is just a small part of what is currently known or measurable at this time. Blank cells
in the matrices can represent either no incidents or no data.
In every matrix the data of the respective criteria was averaged per year, over a total period of
fifteen years. As the South East Asian region is frequently affected by disasters of every kind,
the results should give a reliable overview of the different tendencies in this region.
To facilitate the reading and synthesis of the matrices, several assumptions were made. Only
the most important disasters are mentioned. Tsunamis are included in the earthquake data,
while lahar-related effects are grouped with other volcanic activity, under volcanoes. Storms

8
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are given their own entry, as some references clearly discern them from tropical cyclones. The
various kinds of flooding are integrated in one domain. The data is averaged over fifteen years,
which provides a firm basis from which to extrapolate.
Table 2-1 shows the average number of deaths due to the main disasters in South East Asia is
shown. Note that the gaps do not always suggest that no lethal incidents happened in this
period - they are often caused by a lack of available data. It becomes clear that tropical
cyclones and floods are the major cause of death across the eight countries, with particular
attention to Vietnam and the Philippines.

Table 2-1 Deaths- Average I Year (1984-1999) 1•2•3
Cambodia Indonesia
Drought
Earthquake

4

Flood
Storm

94
211
37
1

Laos

Malaysia

15

Myanmar Philippines Thailand

12

5
262

36

49

326

29

414

17

Tropical
Cyclone

1
5

Volcano

Vietnam

98

No data available f or Singapore and Brunei- blank cells

Total

94
216
415
18
770
103

= no incidents or no data.

Table 2-2 gives the average number of people affected or displaced (most sources are not very
clear about the terminology) by each disaster in each country. It shows that drought displaces
or affects the most people in South East Asia, particularly in Indonesia. Tropical storms are
second and floods third.

Table 2-2 People Affected or Displaced- Average I Year x 1000 ( 1984-1999/- 2•3
Cambodia

Indonesia

46

3,125
15
14

Drought
Earthquake
Flood

Laos

Malaysia

1.5

Vietnam

Total

225

375

144

95

63

329

143

3,869
15
692
0.2

4

1,144

10

1,065

9.56

129
14.48

0.2

Storm
Tropical
Cyclone
Volcano
Population
% in SEA

Myanmar Philippines ThaHand

2.14

1
40.11

0.98

4.39

2,223
130

12.09

15.56

No data available for Singapore and Brunei- blank cells = no incidents or no data

Table 2-3 give~ the average damage cost in millions of US$ per year caused by the disasters in
each country. It indicates that once again tropical cyclones are first, in this case for the
economic damage that they cause. Flooding is second, affecting the Philippines and Vietnam
more than other countries.
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Table 2-3 Economic Damage in US$M- Average I Year (1984-1999/' 2·3•4
Cambodia

Indonesia

Drought

6

Earthquake

17

Flood

0.3

Laos

Myanmar Philippines Thailand

Vietnam

Total

0.03

6
17

14

Storm

Malaysia

28

1

19

22

84

0.2

0.2

Tropical
Cyclone

0.6

110

Volcano

18

202

73

17

17

No data available for Singapore and Brunei- blank cells = no incidents or no data

Table 2-4 shows the average damage cost per year as a percentage of GNP for each country for.
the various disasters. It indicates that flooding in Lao PDR causes economic damage
equivalent to a tifteen-year average of 2% of GNP. The economic impact of flooding and
tropical cyclone is 1.2% of GNP for Vietnam.
Table 2-4 Percent of Economic Damage per Year Relative to GNP ( 1984-1999/' 2•3•4
Cambodia

Indonesia

Drought

0.007

Earthquake

0.21

Flood

0.01

Laos

Malaysia

Myanmar

Thailand

Vietnam

0.001

0.02

0.27

0.16

0.02

0.90

Philippines
0.0005

0.17

2.06

0.00

Storm
Tropical
Cyclone

0.002

Volcano

0.03

No data available for Singapore and Brunei- blank cells = no incidents or no data

Table 2-5 gives a rough estimation of the number of occurances for each of the disaster types in
each country over the last fifteen years. The Philippines and Vietnam are both affected by
tropical cyclones more than once per year. All of the countries, except Malaysia, are affected
by flooding every two to three years.
Table 2-5 Number of Disasters ( 1984-1999/' 2•3 ·4
Cambodia

Indonesia

Drought

2

Earthquake

12

Flood
Storm

4

6
2

Tropical
Cyclone
Volcano

Laos

Malaysia

Myanmar Philippines
1

10

2

1

8

6

Vietnam

Total

1

2

6

15
4

7

1

45
3

1
5

Thailand

31
'

5

No data available for Singapore and Brunei- blank cells = no incidents or no data

1

21

54
10
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2.3.2

NATURAL DISASTERS IN SOUTH EAST ASIA BY COUNTRY

The ten countries that comprise South East Asia all suffer from various disasters. Before
moving on to disaster management, it is useful to survey which hazard tendencies are present in
these countries.
No information was available for Brunei.
CAMBODIA

Floods in Cambodia are mainly caused by deforestation, erosion of river banks-which causes
the river to become more shallow (the Mekong River annually floods 25% of the plain area)lack of building and engineering codes, lack of irrigation systems and heavy domestic rainfall.
The flow of the Mekong River can cause potentially dangerous landslides in regions where
people are living on the riverbank. Flash and river floods occur frequently during the rainy
season (South East Asian monsoon).
August 1999: Flash floods kill 4 people, 8000 are left homeless,
200 meters of railroads washed away, and more than 12000 hectares
of rice fields flooded in Kam Pot province.
Irregularities in the monsoon rainfall- a 10 to 20 day dry spell is enough-result in drought
conditions in the country, leading to food shortage and poverty. Storms and typhoons also hit
some provinces of Cambodia; Typhoon Linda caused hundreds of deaths in 1997.5
INDONESIA

Three large earthquake belts run through Indonesia, subjecting almost all the main islands to
seismic activity. Human settlements are often in, or close to, hazard areas. High soil fertility
encourages high population densities in some volcanic areas. Indonesia has 129 active
volcanoes, 70 of which are classified as dangerous, in addition to 500 inactive ones.
Many areas of Indonesia flood annually, especially in the western and central parts of the
country. The climatic effects of El Nifio, leading to increased flooding, are exacerbated by poor
land use practices in several areas.
Landslides occur regularly during monsoon rains, mainly on soft and unstable land in Sumatra
and Java.
Widespread forest fires occur frequently, often as a result of land clearing operations. These
fires are the cause of major haze incidents in the South East Asian region, affecting several
nations outside Indonesia.
1997: Uncontrolled forest fires in Sumatra and Kalimantan generate
severe smoke haze that affects almost 20 million people there and
in the neighbouring countries of Singapore, Malaysia and Brunei. 6
LAoPDR

Flooding is the main natural disaster in Lao PDR, both in terms of frequency and consequences.
There are annual floods along the Mekong River in almost half of the country, mainly the
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central and southern parts, where rice and agricultural production are concentrated. In 1997,
flooding damaged 34,300 hectares of rice fields.
Drought is also a problem throughout the whole country, with the most severe cases in the same
regions where the flooding occurs. Even relatively short droughts, for example two weeks, can
cause severe impacts to the transplantation of the rice crop. In the central and southern parts of
Lao PDR only 5% of the cultivated 400,000 hectares have irrigation, to aid in drought
alleviation.
During the dry season, drought is often followed by a much higher incidence of forest fires,
partially due to unsupervised slash-and-bum cultivation. Frequently, forest fires spread into
Lao PDR from a neighbouring country.
1998: Unusual drought, possibly caused by El Nifio, leads to extensive forest fires.
In May and June of every year, typhoons accompany the onset of the rainy season. Because
Lao PDR is protected by mountain ranges, the typhoon effects tend to be relatively mild
compared with the Philippines. However, the material damage they create is an important drain
on the economy.
The Mekong River runs across the western border of Lao PDR and tends to carry large amounts
of alluvial soil material downstream in times of heavy rains, especially in areas of deforestation.
Soil erosion by this river system affects a large part of the country but not much information on
these affects is available. 4
MALAYSIA

Although Malay:ia is relatively free from severe destruction caused by earthquakes, typhoons
and volcanic eruptions, the country is nevertheless subjected to monsoon floods, landslides and
severe haze episodes - caused by smoke from fires in Indonesia.
Flood is the most severe natural disaster in Malaysia from the perspective of area, population
affected and economic impact.
Although Malaysia is almost never directly affected by the destructive forces of typhoons, the
northern part of the country experiences the strong wind associated with the tail effect of
typhoons and tropical storms. On very rare occasions the country is directly hit by tropical
storms.
December 1996: Typhoon Greg hits Sabah bringing heavy
rain and strong winds that claim more than 200 lives.
The northern region of Sarawak, on the island of Borneo, and the western part of Sabah in
Malaysia have b;;;en experiencing severe droughts since late December 1997, caused by the El
Nifio phenomenon. The drought has brought about incidences of forest fires, which resulted in
severe haze episodes, not only in northern Sarawak, but also in Singapore, Brunei and
7
Thailand.
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MYANMAR

Little data is available for disasters in Myanmar. However, a few general trends can be
discerned. During the 1980s, Myanmar suffered mainly from uncontrollable forest fires. In the
last ten years however, flooding has been the predominant disaster, killing hundreds of people.
In 1997, a year in which El Nifio effects were particularly noticeable, flooding caused
considerable damage. Earthquakes also threaten the life of many inhabitants.
PHILIPPINES

The Philippines is in the direct path of seasonal typhoons and monsoon rains bringing floods,
storms, storm surges, and their attendant landslides. The Philippines also form the crossing
point where the continental plates collide and they thus experience periodic earthquakes and
volcanic eruptions.
1991: after 400 years of slumber, Mount Pinatubo erupts and 850 people die.
Floods and landslides have also hit the country. The tragic Ormoc City flash floods left 5,100
people dead. Destructive typhoons killed 794 people in 1993 and 1,204 in 1995. In recent
years, El Nifio has severely afflicted the Philippines; hundreds of thousands of people have
suffered from starvation due to the lack of water.
SINGAPORE

Since 1997, fi res in neighbouring countries have caused massive atmospheric pollution in
Singapore. Periodically, and with increasing severity, this haze has blanketed and almost
literally suffocated Singapore: the short term damage to health was estimated to US $8.8
million. Haze effects have set back local tourism by US $58.4 million and inflicted US $6.9
million in losses on the national airport and Singapore-based airlines. 9
THAILAND

As in Cambodia and Lao PDR, flooding is the most frequent natural disaster. In the period
1975-1990 floods caused property damage over US$ 1,216 million. Bangkok suffers fairly
often from prolonged inundation during the rainy season, caused by overflowing of the Chao
Praya River.
July 1999: Severe flooding hits Chanthaburi province,
causing 6 deaths and US$9M economic damage
Due to the extensive deforestation in Thailand, associated with soil erosion and dry local
climate, droughts hit the country every year during the dry season. The increase in population
and economic development gives rise to a bigger water demand and more problems.
Typhoons hit Thailand an average of 4 times a year during the monsoon season. Landslides
often occur in Thailand due to heavy rainfall. Hundreds of deaths have been caused by eroded
land that has slipped onto low-lying areas. 10
1989: Typhoon Gay causes 602 deaths, and property damage
at the estimated cost of US $480 million.
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VIETNAM

In the summer of 1998, typhoons Babs, Chip, Dawn, Faith and Elvis struck Vietnam causing
tremendous loss of life and property damage. Vietnam consists of a small land strip between
the coast in the east and the mountains in the west and is therefore very vulnerable to
meteorological hazards. Incoming typhoons can lead easily to heavy rainfall in the coastal
regions and extensive flooding throughout the centre of the country.
In some cases, expanded development and other land use, for example deforestation can
increase the incidence of landslide disasters (see Appendix I). 11

2.4

DISASTER MANAGEMENT

The preceding section has outlined the impact of natural disasters in South East Asia and
highlighted the need for an efficient and effective process to prepare for and mitigate their
effects, reducing loss of life and the damage to national infrastructure. Disaster management is
the process by which this is achieved.
A definition of disaster management is the "body of policy, administrative and operational
activities" that is or can be undertaken to lessen the impact of a disaster. 12 However, this basic
definition falls short of providing a full picture of the extent and complexity of the disaster
management process. Disaster management is an approach which includes:
~

advanced planning to prepare for disasters or reduce their effects. This may include hazard
mapping, risk assessment, the development of appropriate legislation and community
education programmes;

~

forecasting of disasters and provision of early warning systems to alert the community;

~

disaster response, including actions to lessen the effect of the disaster after it occurs - for
example, assessment of the damage and delivery of health care, food and other supplies;

~

disaster recovery, which involves long term measures that begin during the response phase.

2.4. 1

PHASES IN DISASTER MANAGEMENT

The management of natural disasters consists of several complex stages or phases; this involves
all levels of the community, from the government to the local level. These cover both the
period prior to a disaster, which can be considered the preparative period and the period after,
the recovery period.
Broadly speaking, disaster management can be divided into four phases: 13•14•15 •16

Long term pre-disaster phase. This phase covers all measures that can be taken well
in advance of any anticipated disaster to reduce, alleviate or mitigate the impact of a
potential disaster. It includes measures such as education and training, public awareness
campaigns, training drills, research, the development of relevant information databases,
the implementation of zoning regulations based on hazard and risk assessment, disastersurvivable building codes and the construction of hazard-reducing infrastructure such as
sea-walls, dams and levees.
Fundamental to this long term planning phase is the development of national, regional
and community-level disaster plans. Communication systems are also necessary to
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ensuring that communities, resources and services are able to cope with the effects of a
disaster. The timeframe of hazard management activities undertaken in this phase can
range from months to years prior to a potential disaster. Programmes and projects
undertaken in the long term advance phase often stem from the experience of previous
disasters and may form part of the post-recovery phase from a previous disaster.
Feedback from previous disaster experience should inform all phases of the disaster
management process, see Figure 2-1 .

Short term pre-disaster phase. Disaster prediction is difficult, frequently unreliable
and in many cases currently impossible. Even for those hazards for which prediction is
possible, the time scale of advance warning is often short term. Drought and downstream flooding are the only hazards for which prediction times may be measured in
weeks or months. Once a possible disaster has been predicted or is known to be
imminent measures taken are specifically targeted to decrease its impact on society and
the environment. These include contingency planning and the issuing of warnings.
Good advanced planning, education and training in the long term phase together with
good communications systems should make it possible for a pre-established disaster
plan to be swiftly and effectively implemented. The timeframe of activities undertaken
in this phase can range from hours to weeks.

Short term post-disaster phase. This phase of disaster management covers the period
during and immediately after the onset of a disaster. Actions taken in this phase are
directed at minimizing the immediate effects of the disaster and ensuring that people
affected are given rapid relief and support. This includes the rescue of trapped persons,
the provision of medical aid to the injured, the removal of threatened people or
communities to safe' areas and the provision of food, shelter and support services to
those displaced or isolated by the disaster. Reliable communications, efficient
procedures and management are vital in this phase to ensure effective co-ordination of
the emergency response. Disaster management activities undertaken in this phase
usually have a timeframe ranging from the onset of the disaster to days or weeks later,
depending upon the extent and severity of the disaster.
Long term post-disaster phase. The long term phase following a disaster focuses on
the coordinated process of supporting affected communities in the reconstruction of
their infrastructure and the restoration of their emotional, social, economic and physical
well-being. This process may take months or even years, in the case of severe damage
to the community infrastructure, and will feed back into the long term advance planning
process.
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PREPARED

RECOVERY

Figure 2-1 The Four Phases of Disaster Management

2.4.2

PROPOSED TERMINOLOGY

The above four categories outline the recognized phases of disaster management. However, the
international disaster management community has yet to agree on a single terminology and
definition for these phases. Even a cursory survey of disaster management literature will reveal
a disparity among experts. Some disaster phases are categorized according to activities, 17
rather than timescales. The number of phases described in the disaster management process
may be as many as six-with the long and short term preventive phases above broken down
into more task-specific categories-or as few as three, these latter enfolding the short and long
term post-disaster phases into one. For example, the terms and phases used in documents
produced by the Committee on Earth Observation Systems (CEOS) differ from those used in
some UN documents, which in turn differ slightly from those used in the Australian Emergency
Management Glossary or those used by the US Federal Emergency Management
·
· of the varymg
·
Agency. 13·14·1s·16·1s The +tour categones
out1·med above represent a synthests
phase definitions encountered.
Similarly; there is no consistency with regard t'O the terminology applied to these phases.
Within the literature, the same term may be applied to different phases of disaster management,
thus creating confusion unless the terms are carefully defined.
For SEADS, the definitions to refer to the disaster management phases are:

2.5

PREPAREDNESS

long term pre-disaster phase

MITIGATION

short term pre-disaster phase

RESPONSE

short term post-disaster phase

RECOVERY

long term post-disaster phase

CONCLUSIONS

The impact of natural disasters in South East Asia is a significant. Data presented in this
chapter has indicated that one or more types of disaster regularly affect virtually every country
in the region, to varying degrees. The human and economic costs of these disasters are a
significant factor in the ongoing national development of South East P.sian nations .
16
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Disaster management is the process by which the impact of natural disasters can be reduced,
with a consequent reduction in the loss of life, property and damage to national infrastructure.
The four phases of disaster management established in this chapter provide a framework for the
report's recommended disaster management solutions.
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3 SCOPE AND REQUIREMENTS
We still do not know one-thousandth of one
percent of what nature has revealed to us.
Albert Einstein

3.1

INTRODUCTION

Disaster management systems should exist to protect against a!l hazards in all countries of
South East Asia, but that is beyond the focus of this project. Chapter 2 provided an overview of
the general impact that natural disasters have on the people and infrastructures of South East
Asia. This chapter defines the specific scope and determines the necessary requirements.
First, an established framework determines the scope of the project and details the reasons for
this selection, see Table 3-1. The objective is to examine the baseline group, outlined in
chapter 2, to determine appropriate and addressable disaster, country, cost, technological, enduser, and timeframe parameters for the execution of this project and future programme
planning. It further identifies disaster management requirements and constraints based on the
scope defined in the first section. Finally, it provides detailed observational requirements
needed for flood modelling.

Table 3-1 Summary of Project Scope
Category

Scope

Disaster Type

Floods

Phases

Preparedness, Mitigation, Response, Recovery

Countries

Cambodia, Lao PDR, Thailand and Vietnam

Cost

Low cost; Bottom-up approach

Technological Approach

Address end user needs; Begin with simple and low-cost
solutions then proceed toward higher capacities

End-user

National Governments

Timeframe

Progressive implementation with baseline project operable
in 2005 ; more advanced capacities at a later stage

3.2

METHOD AND SCOPE

3.2.1

INTRODUCTION

The scope must accommodate the constraints of the project and it must be clear, simple and
transferable so that the same method may be applied to different disaster management
scenarios. Paramount in the selection process must be the drive to satisfy the needs of the user.
The final selection, complicated by conflicting requirements, demands trade-offs .
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All sections are scoped so that the method may be used at a later date in various other regions
and situations.

3.2.2

DISASTER SELECTION

Method - This section will explain how the project was refined to one type of natural disaster.
In future implementation stages the programme could address the whole of South East Asia and
other types of disasters.
Disaster Selection - Floods

Disaster types are often associated with specific countries. Table 3-2 shows that floods, for
example, affect all eight countries listed. Volcanoes, on the other hand, only affect the
Philippines and Indonesia. For this reason, choosing the disasters has an effect on which
countries are selected. This will be discussed further in section 3.2.3 Country Selection.
1

Table 3-2 Disaster Types Distribution across South East Asia
Natural
Disasters
Flood

Earthquake
Typhoon
Cyclone
Landslide

Tsunami
*Singapore and Brunei were removed from the selection process due to their low susceptibility to natural disasters
and high level of development.

Natural diSasters can be broken down into those of geological ongm and those of
meteorological origin. The main geological disasters are volcanoes and earthquakes. Tsunamis
were not considered, as their human and economic impact are small in comparison with all
others. Meteorological disasters consist of drought, tropical storms, monsoons and floods.
These meteorological disasters are all water related. Tropical storms cause further damage due
to high winds.
A summary of these results is given in chapter 2, Tables 2-1 to 2-5. This data does not exhaust
the damage assessment of disasters, as there are many disasters where there is little or no
information on their impact. However, this information provides a comprehensive summary of
disaster types and the general damage that they cause. This data -was used to select those
disasters that cause considerable effects with respect to individual countries in the region.
From these tables the following can be summarised:
~

Tropical cyclones and floods are the major cause of death, particularly in Vietnam and the
Phiii ppines;

~

Drought affects or displaces the most people, particularly in Indonesia;
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};;>

Tropical cyclones affect or displace many people as well, particularly in the Philippines and
Vietnam;

};;>

Tropical cyclones cause the most economic damage;

};;>

Flooding causes considerable economic damage in the Philippines and Vietnam;

};;>

Flooding in Lao PDR causes economic damage equivalent to an average of 2% of GNP per
year;

};;>

Flooding and tropical cyclones cause economic damage of 1.2% of GNP for Vietnam;

};;>

Philippines and Vietnam are both affected by tropical cyclones more than once per year;
and

};;>

All of the countries, except Malaysia, are affected by flooding every two to three years.

The tables in chapter 2 also show that geological disasters are limited to Indonesia and the
Philippines. Not only are these disasters geographically limited, but prediction of such
disasters is highly inaccurate. The Philippines suffers a much higher death toll due to floods
and storms than to disasters of geological origin. Indonesia likewise suffers a greater loss of
life due to floods and drought.
This fact, along with the statistics m the previous tables, limited the project to focus on
meteorological disasters.
The countries of South East Asia experience floods more often than any other natural disaster.
Floods have an enormous impact in terms of deaths, affected people and economic damage.
Therefore, floods were focused on for the baseline of SEADS. Some of the infrastructure will
help with tropical cyclones, as they are one of the causes of floods. As a result, tropical
cyclones are mentioned at points throughout the chapter.
3.2.3

COUNTRY SELECTION

Method - The fundamental approach of "simple and expandable" has been determined as a
result of the user needs and considerations. Selected countries are chosen based on their
collective potential to conform to the project parameters.
Country Selection - Cambodia, Lao PDR, Thailand and 'Vietnam

These countries offer a manageable combination that can be addressed completely and
effectively. This is mainly due to their similar natural conditions, such as geography, climate,
and watershed. However, there is great emphasis placed on other considerations, such as
domestic and foreign policy, social and economic indicators, and other environmental
determinants. This section will detail the method and scope of each country selection criterion.
INTERNATIONAL DIMENSIONS OF SOUTH EAST ASIA

First, the project includes a minimum of two countries, because there are clear benefits in an
international project scope. These include sharing regional resources, expanding goodwill, and
promoting regional development. Second, the selection includes countries that are viewed by
the majority of the international community as representative of the South East Asian region.
Third, countries were selected because there were deemed "South East Asian" by cultural,
historical and contemporary political realities.

SCOPE AND REQUIREMENTS

GEOGRAPHICAL CONSIDERATIONS

There are three main reasons for limiting the selection of proposed project countries to either
continental (mainland) countries or island countries. The first is that each category experiences
different types of disasters. The second is that the island countries of South East Asia cover
enormous geographical areas and diverse natural conditions, contributing added complexity to
the project. Third, choosing a combination of continental and island countries would greatly
broaden the scope of political, geographical and technical considerations. Therefore,
continental countries, because they exhibit common characteristics, were focused on.
Major geographical conditions including mountains, plains, islands, swamps, and rivers are
factors for consideration. In selecting countries, it was deemed necessary that they share as
many geographical similarities as possible, as this will improve the applicability and
effectiveness of disaster management. Although watershed issues were evaluated primarily for
the selection of disaster types, such considerations apply to country selection as well. For
example, the Mekong River watershed applies to all four of the selected countries.
NEIGHBOURS

There are two reasons for targeting neighbours as the selected countries. Neighbouring
countries often have similar geography, climate and other demographic and environmental
conditions. Related to the first reason, neighbouring countries often share watershed.
SUSTAINED COMMITMENT

Domestic political trends provide sensible indicators of the ability of the selected countries to
sustain mutual, regional or individual disaster management systems. Governments considered
most likely to continue current political trends in pursuit of programme commitments were
chosen. This criterion expresses no bias towards one political ideology over another.
However, in the collective interests of the selected countries, the frequency of destabilising
factors and their impact on unilateral and multilateral commitments was considered.
Thailand is the most stable of the four selected countries. Cambodia, after years of domestic
political turmoil, has emerged with a renewed focus on regional integration and open relations.
Lao PDR and Vietnam are each relatively stable communist governments that place priorities
on regional economic development and peaceful relations. (See Appendix ill for further details
on the political environment in selected countries).
REGIONAL RELATIONS

Selected countries are targeted based on their ability to co-operate internationally. Part of this
analysis includes historical and recent developments. Although most ASEAN countries enjoy
friendly and co-operative relations, issues such as border disputes, the influence of foreign
powers, and cross-border migration or environmental damage could have an impact on
cohesion. In South East Asia, politics are secondary to economics in the diplomatic relations
between states, but the nature and foreign policies of the selected countries are nevertheless an
important determinant of the potential for future or continued co-operation. Further, potential
for external funding must be considered, since the countries may not be able to finance the
programme by themselves. Donations, contributions and aid are more likely to arrive where
countries are viewed as being in accordance with international norms and standards .
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Border disputes and refugee flows have been the main source of regional tension over the last
few years. In general, the individual foreign policies of the states are in agreement concerning
regional integration and co-operation.
Thailand serves as a hub for seeking funding from the international community. Cambodia,
Lao PDR and Vietnam, until recently, have conducted policy in relative isolation from the
outside world and have not enjoyed favourable reception in foreign capitals. Due to the nature
and cost of a progressively implemented programme, it is expected that external funds will be
needed. Thailand's strong standing with the international community will help promote the
greater development needs of Cambodia, Lao PDR and Vietnam.
GIS and Earth observation systems have enonnous national security implications, requiring
countries to share certain fundamental national and regional security interests. Although
ASEAN countries, in general, have agreed to some basic regional security interests, a selection
criteria is that the countries share general security needs. Cambodia, Lao PDR, Thailand and
Vietnam are sufficiently allied for the purposes of SEADS.
EXISTING AND ADDRESSABLE NEEDS IN DISASTER MANAGEMENT SYSTEMS

Integrated solutions to the functional gaps in existing systems with an eye toward increased
capacity in the future seems to be the most tenable approach.
Due to shared watershed and similar disaster susceptibility, Cambodia, Lao PDR, Thailand and
Vietnam, share some disaster management initiatives. The Mekong River Commission is one
example of this. These common initiatives are a focus of SEADS.
SPIN·OFF OPPORTUNITIES

The countries of South East Asia are subject to a host of other environmental and man-made
sources of economic, human and ecological damage. Finding common opportunities to spin-off
system services - for example, to support economic and social development during disaster-free
periods - improves the effectiveness of the system. Cambodia, Lao PDR, Thailand and
Vietnam share similar environmental hazards, the two main examples being deforestation and
soil erosion. Chapter 7 provides greater details on spin-off opportunities.
DEVELOPING COUNTRIES' NEEDS

One fundamental approach is to address the needs of developing countries. Three general
indicators include: economic indices, the level of infrastructure and sectoral economies.
Gross National Product (GNP) per capita and national budget expenditures are indicative of
economic development. In Cambodia, Lao PDR and Vietnam GNP per capita is low.
Thailand's GNP per capita is over six times that of Vietnam's, yet all four are nevertheless
developing countries. This wide discrepancy in development reveals just how economically
challenged Vietnam, Cambodia and Lao PDR are. Lao PDR's public spending in 1998 totalled
$366 million. 1 (See Appendix IV for further economic details).
Infrastructure deficiencies are another indicator, especially those that influence disaster
management efforts, for example telecommunications and transportation. Cambodia, Lao PDR,
and Vietnam do not enjoy advanced communications systems. Thailand's is markedly better
than its neighbours' are. The relatively low level of telephone and radio penetration, and
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highway and railroad coverage is one indication of the low level of infrastructure.
Appendix IV for greater detail on infrastructure and coiiliP.unications).

(See

Another indicator of differing degrees of development is the percentage of total production
from each of the three main sectors - agriculture, industry, and services. At 56%, Lao PDR'
agricultural sector is proportionally the largest of the three. 1 This statistic indicates Lao PDR'
reliance on food production and the subsequent damage that can be inflicted upon the country
when food sources are damaged or destroyed by natural disasters. Thailand, meanwhile, has a
much greater focus on industry and services, indicating a higher general level of development.
DEVELOPMENT OF A MANAGEABLE BASELINE GROUP

Many of the above-mentioned political criteria ultimately channel into the effort to create a
manageable and successful baseline group to provide for future regional expansion. The intent
is not to exclude countries permanently, but rather to develop a core group that will improve the
likelihood of early success. Expansion and improvement of the programme are contingent
upon the success of a baseline group that shares a common interest in reducing the damage
done to their societies by natural disasters.
A combination of Cambodia, Lao PDR, Thailand and Vietnam into a cohesive disaster
management group appears politically viable in the near-term. Common watershed, hazard
damage and similar geography contribute to cross-sector interests. These geographical,
environmental and political commonalties offer an appropriate foundation for the baseline
group.
3.2.4

CosT

Method- The two fundamental approaches in determining cost are the bottom-up approach and
the top-down approach. The bottom-up approach focuses on user needs and available funds.
The top-down approach suggests a technologically demonstrative solution that will only
secondarily address end-user needs.
Selection - Low-cost; Bottom-up approach
The low availability of funds creates a critical constraint on the type of disaster management
system that may be implemet:tted in the early stages. The bottom-up approach is preferred,
because it forces the proposed solution to conform to the present financial and budgetary
realities of the selected countries. This requires that existing user needs and regional
requirements be targeted and solutions to these be generated. In short a requirements-pull
rather than a technology-push regimen is preferred.
3.2.5

TECHNOLOGICAL APPROACH

Method- Main criteria were determined for the general technological approach. The following
criteria were determined primarily to meet regional requirements.
Selection -Address end user needs; Begin with simple and
low-cost solutions then proceed toward higher capacities

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

END-USER NEEDS

Due to the financial constraints existing in the South East Asian countries, it is imperative that
disaster management initially employs low-cost technologies. Although the four countries have
many disaster management needs, the financial constraints of high-cost technological
development and employment bar the use of such systems in the near term.
SIMPLICITY AND COST-EFFECTIVENESS

Technologies must also be simple and cost-effective, partly due to financial constraints, but
also due to the importance of successful early demonstrations. For financial, political,
bureaucratic and organisational reasons, simple and cost-effective approaches are most likely to
elicit favourable responses. Attempting to demonstrate advanced technologies or proposing
expensive solutions will have little chance of success.
USE OF EXISTING TECHNOLOGIES

Existing technologies offer appropriate sources for effective systems and solutions. It is
preferable to employ existing and useful technologies in place of developing new ones in the
near term. Also, efforts should be made to use technologies that are proven, but have not yet
been applied to the region.
ATTENTION TO INFRASTRUCTURE GAPS

The programme must introduce common technologies that address the infrastructure gap of
each country. Many regions in the selected countries do not have the communications or
transportation systems employ advanced technologies, so particular attention must be paid to
accommodating or improving existing infrastructure.
CONSIDERATION OF SPIN·OFFS

Many technologies have diverse applications. The types of systems most effective for
managing flood disasters also have applications in mitigating the damage done by other natural
or man-made disasters. In addition, when not in use for disaster management, these systems
can aid economic and social development.
PROGRESSIVE IMPLEMENTATION

Since project objectives include the future growth of current solutions and systems,
technologies must be compatible with and expandable into following stages. Flexible and
adaptable technologies are therefore preferred.
Cambodia, Lao PDR, Thailand and Vietnam have their own water-related disaster management
systems and can receive imagery from Earth-observation platforms such as NOAA, SPOT and
LANDSAT. Tile identified gaps can be addressed mainly through existing technologies. For
example, the four countries need good communications technology for the rapid and effective
dissemination of critical information. Currently available technologies should not be duplicated
and the system should be simple and cost-effective with regard to the availability of funding
from the four countries. Existing technology and future technology that can be applied are
described in chapter 4.

SCOPE AND REQUIREMENTS

3.2.6

END USER LEVEL

Method- The end user is that organisation or individual maintaining ultimate control over the
information provided by the programme. In determining the end user, the various levels of
disaster management were analysed with a focus on issues of autonomy and sovereignty. It is
important not to confuse the end beneficiary, the individual who benefits from the programme,
and the end user, whose responsibility it is to implement it.
Selection- National governments
The dissemination of useful information to affected population in a timely manner requires the
creation of basic levels of communication infrastructure across an entire nation. This process
also carries weighty policy considerations. It is entirely reasonable to expect that regional
governments will demand control of the time and content of any disaster management
information released to their general public. Operationally, it is politically inconceivable that
any non-governmental organisation would be allowed to release unilateral nation-wide
emergency broadcasts, if only because of possible reactions to false alarms.
Therefore, the disaster management solutions should have the ultimate beneficiaries in mind,
but the end user will be the national governments. It is sensible for to recommend mechanisms
for disseminating disaster information to the general public, but sovereignty over the use of this
information will be retained by the national governments.
For reasons mainly associated with sovereignty and autonomy, the end user was not identified
as being any of the other dominant disaster management groups (local authorities, NGOs,
universities, international or regional organisations, etc.), or those individuals directly impacted
by disasters. Finally, the national governments will not only be the end users of disaster
management technologies, but also of the applications of these technologies for economic
development and other spin-off opportunities.
3.2. 7

TIMEFRAME

Method - Both technical and political considerations influence the choice of timeframe for the
programme. Too short a timeframe makes implementing the technical realities on schedule too
expensive and challenging. Projecting the timeframe too far into the future requires the
programme to rely on infrastructure not currently in existence, and to make uncertain
predictions about the capabilities of that infrastructure. Compromise was necessary.
Selection - Progressive implementation with baseline project
operable in 2005; more advanced capacities at a later stage
Political viability will depend on realising tangible progress within the lifetime of a typical
government. The scope of the programme should include a strategy of progressive
implementation to help achieve these goals: initial project goals to be achieved within a
politically expedient time, a cost-effective implementation schedule, and initial reliance only on
known infrastructure.
Using the examples of Cambodia, Lao PDR, Thailand and Vietnam allows definite statements
about a system design that should be operational by 2005. This programme baseline should
then be expanded.
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3.3

DISASTER MANAGEMENT REQUIREMENTS

3.3. 1

RATIONALE FOR THE REQUIREMENTS

Observe, decide and act is the simplest action cycle that describes a flood management system.
Many requirements can be derived from these three core system capabilities. The requirements
are allocated to thousands of human resources, hundreds of material resources and the
processes or protocols between and within the human and material resources.
3.3.2

IDEAL SITUATION

There is no ideal flood management system; however, the vision of an effective flood
management system (FMS) could be described as follows.
First, the four countries of interest would have near perfect 100-year climatic history and
internationally standardised geographical information of their land, including floodplains.
These information sets would be updated at a frequency equal to the rate of significant change
in the environment whether induced by nature or humans. A hierarchy of protected computer
and telecommunications networks would securely carry everything from raw sensor data and
multi-layered GIS maps to public flood education and warning broadcasts.
The general public teledensity statistics in flood risk areas and flood retreat areas would be high
enough to ensure adequate collection and dissemination of critical communications
immediately before and after disasters. False alarm probability would be negligible.
All education institutions, public awareness campaigns and public activities would make the
total population aware of the nature of floods, their effects and what to do when they occur.
This education would be delivered annually to the populace.
In the event of a flood, the public at risk would be warned and evacuated in time for the
transportation infrastructure to allow an orderly exodus and the preparation of welcoming
retreat facilities. The loss of life to flooding would be zero but there would be economic loss
from real property damage and degraded or destroyed production capacity. The property loss
in predicted flo0d regions would be relatively small because the enforced building codes were
designed to balance the costs of insurance, taxes, and construction in a given hazard zone.
The flood management staff, effectively in scores of government, military, voluntary and
commercial organisations, would be professional leaders and decisions makers. They would
observe and analyse their natural and developed environments. They would prevent and reduce
development risks using timely GIS information carried by computer networks. They would
educate and train other trainers and the public by using simple content broadcasts and
conferencing. They would predict a flood, and warn and evacuate potential flood victims well
in advance. They would collaborate with external entities, for example United Nations
agencies, continuously to plan for assistance and exchange best practices. They would recover
from their economic losses using the lessons learned from flood assessments balanced with
their development strategies. Last, they would rehabilitate their populace psychologically with
the help of both international and local private volunteers' organisations.
With this ideal situation in mind, an approach to disaster management was determined and a
progressive implementation plan outlined.
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3 .3.3

REQUIREMENTS AND CONSTRAINTS

The flood system requirements can be divided into different sections. Firstly, we have the
constraints, for example the amount of money available for building or upgrading the existing
systems. The constraints considered are stated below in Table 3-3. In all tables, the left-hand
column is a requirement code for a correlation matrix in the Appendix VII.
Table 3-3 Constraints of the Flood Management System
Code

Requirement Description

SYS-CON-01

Cambodia, Lao PDR, Thailand, and Vietnam FMS capabilities shall be integrated and
interoperable.

SYS-CON-02

Cambodia, Lao PDR, Thailand, and Vietnam FMS shall be improved or replaced based on
a 20-yr life cycle cost savings.

SYS-CON-03

The FMS annual operating costs shall not exceed 0.1 % of Cambodia, Lao PDR, Thailand,
and Vietnam combined GDP from the previous year ($27M USD).

The requirements of the FMS are categorised into subject areas. They are 1) political 2)
financial 3) educational and 4) operational. First, the policy requirements are discussed below
in Table 3-4. These requirements document the need for information security due to military
and economic disparity in the region. In each table, the far right column details the priority
level for each requirement -high, medium or low.
Table 3-4 Policy Requirements
Requirement Description

Priority

SYS-POL-01

The FMS shall secure disaster management related data and information
from cyber attack within and out of the FMS boundaries.

Medium

SYS-POL-02

The FMS shall not violate any written policies of Cambodia, Lao PDR,
Thailand, and Vietnam governments.

High

Code

Second, the financial requirements are listed, see Table 3-5. The benefits of the FMS are best
indicated by a reduction in the loss to floods over the long term. Initial costs may be higher but
as lessons are learned and implemented, the cost of the FMS will decrease. As fewer funds and
less effort are expended to prevent and reduce loss of wealth from flooding, the FMS value
increases. Therefore, it is important to the FMS that it builds in as much automation to record
and correlate its operations with results.
Table 3-5 Financial Requirements
Code
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Requirement Description

SYS-EC0-01

The FMS shall assess and report the econo mic damage of the SEA nations'
disasters.

SYS-EC0-02

The FMS shall assess the economic wealth at risk to floods in a user-defined
area.
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Priority
Low
Medium
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Third, instructional requirements are listed in Table 3-6 and discussed. The FMS shall educate
and train the population it serves. It shall derive and integrate flood information from historical
disasters and similar FMSs to train its operators and users. FMS users and operators are
government officials with the authority to allocate disaster relief supplies, mobilise disaster
response units and co-ordinate disaster assistance efforts.
Table 3-6 Educational Requirements
Requirement Description

Priority

SYS-EDU-01

The FMS shall continuously educate SEA beneficiary users in the nature and
risk of floods and their interconnection with the environment.

Medium

SYS-EDU-02

The FMS shall educate and train the users to use their associated FMS
interfaces (i.e. warning and action signals, information systems like World
Wide Web sites).

Medium

SYS-EDU-03

The FMS shall have an exercise mode for all its critical functions to support
operators training.

Low

SYS-EDU-04

The FMS shall train its operators how to use its collection, processing,
communications, security, control and reporting elements.

High

Code

The FMS shall always be available to its users and operators. In particular, the FMS' state of
readiness shall be heightened during flood season. First, the system shall observe flood risk
areas. Surveillance personnel shall be networked for verification of events with predictions and
expected correlated events in nearby areas. Second, disaster management shall decide what
course of action is necessary before, during and after a disaster using accurate and timely
information. Last, action shall be taken to accomplish clearly defined goals communicated to
the disaster management operators in the form of objectives and commands. These actions
include public announcements, employing flood control mechanisms, and deploying rescue and
support relief units. Table 3-7 lists the requirements necessary to fulfil these functions.
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Table 3-7 Operational Requirements
Code

Requirement Description

SYS-OPS-01

The FMS shall support search and rescue operations during flood disasters.

SYS-OPS-02

The FMS shall provide relief support in a flood disaster recovery phase.

Medium

SYS-OPS-03

The FMS shall be available 100% during the Cambodia, Lao PDR, Thailand
and Vietnam flood disaster seasons.

Medium

SYS-OPS-04

The FMS shall serve 100% of Cambodia, Lao PDR, Thailand and Vietnam's
flood-prone regions.

High

SYS-OPS-05

Each SEA OM shall leverage Cambodia, Lao PDR, Thailand and Vietnam's
civil, military, and private organisations.

Medium

SYS-OPS-06

The FMS shall support intra- and intergovernmental co-ordination during all
phases of disaster management operations.

High

SYS-OPS-07

The FMS shall communicate the likelihood of a flood and its extent to those
who might have to take evasive action.

High

SYS-OPS-08

The FMS shall disseminate flood watches, warnings, and alerts in a timely
manner for the public's trained or advised reaction.

High

SYS-OPS-09

The disaster system shall be able to integrate classified data with unclassified
data sets for unclassified use.

Low

SYS-OPS-10

The FMS shall record disaster events operations for education, training and
needs assessment.

Low

SYS-OPS-11

The FMS shall analyse hazardous flooding for.developmental planners.

Medium

SYS-OPS-12

The FMS shall support the research of flood control and flood modelling
with historical flood surveillance data and disaster event databases.

Medium

SYS-OPS-13

The FMS shall support information needs of command and control centres
deployed in response to flood disasters.

Medium

SYS-OPS-14

The FMS public and graphic user interfaces shall be able to be used by
persons over 12 years of age.

Medium

SYS-OPS-15

The FMS shall use climatic data and numerically model water systems to
predict floods.

Medium

SYS-OPS-16

The FMS shall produce and publish hazard assessment plans, risk assessment
plans and disaster assessment reports.

Medium

SYS-OPS-17

The FMS shall develop standardised paper and digital maps, images, graphs
and tables from satellite images, aerial photographs, surface and subsurface
electronic sensors.

High

SYS-OPS-18

The FMS shall network wide area and diverse disaster data information
providers' outputs into a structured database for easy yet authorised access.

High

SYS-OPS-19

The FMS shall allow controlled access to special disaster information user
groups.

High

SYS-OPS-20

The FMS shall allow for priority access to disaster information servers (e.g.,
during busy mitigation and response disaster phases).

Medium

SYS-OPS-21

The FMS shall be able to evaluate received disaster data and information
reliability.

Medium

The FMS shall monitor the radiometric, temporal, spatial, physical
SYS-OPS-22 , parameters given in the observational requiremem table (Table 3-8) during
j disaster season.
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3.4

OBSERVATION REQUIREMENTS FOR DISASTER MANAGEMENT

Individuals, corporations, and government officials can be requested, at any time, to make
decisions related to natural disaster preparedness, mitigation, response and recovery. In order
to make these decisions they utilise whatever information resources are available to them. 2
Efficient management of natural hazards and disasters demands that risk-prone areas be
observed during all four disaster phases and that accurate information based on these
observations be distributed to the users in a timely manner. Disaster data is gathered both on
the ground and from air and spaceborne platforms. Generally speaking, the main observational
activities during the four disaster phases are as follows.
3.4. 1

NATURAL DISASTERS

OBSERVATIONAL ACTIVITIES DURING THE PREPAREDNESS PHASE

During the preparedness phase, the observational activities are concentrated on mapping of land
and infrastructure and collection of historical disaster data. Remote sensing can provide the
land-use maps and digital elevation models (DEMs) essential in producing risk maps for
different natural hazards; these maps are necessary in land-use and urban development
planning. Through long term land-use planning, it is possible to discourage settlement and
industrial development in areas that are extremely disaster prone, for example under probable
paths for floods or lava-flows. Unfortunately people have already populated many disasterprone areas, for example floodplains and areas often struck by earthquakes. In these cases, the
authorities can use risk maps in directing disaster awareness education to people living in the
disaster-prone areas.
OBSERVATIONAL ACTIVITIES DURING THE MITIGATION PHASE

During the mitigation phase, the observational emphasis is in monitoring the current conditions
and trying to predict if, when and where the disaster is likely to strike. Disaster warnings save
human lives. Thanks to progress in monitoring and prediction, the death toll caused by tropical
storms and hurricanes has been considerably reduced. 3 Unfortunately, our ability to predict
certain kinds of disasters, like earthquakes, is very limited.
OBSERVATIONAL ACTIVITIES DURING THE RESPONSE PHASE

During the response phase the extent of the disaster as well as damage caused by the disaster is
being mapped. Long duration disasters, such as floods, droughts, forest fires, tropical storms,
volcanic eruptions, etc., are monitored. Predictions are made about the future course of the
disaster so that a warning can be issued to people living in the area the disaster is going to strike
in the near future. For short duration disasters, such as earthquakes and landslides, the main
observational activity is mapping the extent of the damage. Since the resources available
during the response phase are limited, most lives can be saved by directing rescue effort to
areas that have suffered the most damage during the disaster.
OBSERVATIONAL ACTIVITIES DURING THE RECOVERY PHASE

During the recovery phase of the disaster the mapping of the damaged infrastructure continues.
The information gathered during the disaster is fed into the historical disaster database and the
land-use and risk maps are updated to reflect the new situation. Ultimately the new maps are
used in the preparation phase for the next disaster.
INTER NAfiONAL•
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3.4.2

OBSERVATION REQUIREMENTS DISASTER MANAGEMENT OF FLOODS

MANAGING AND MONITORING THE DRAINAGE BASIN

For flood monitoring, several parameters are needed to determine risk areas and dynamic flood
modelling. These parameters include: 4
)I;>

Terrain map

)I;>

Land use

)I;>

Slope geology

)I;>

Soil production potential

)I;>

Watershed

)I;>

Vegetation index

)I;>

Flow modelling

)I;>

Rate of soil erosion

)I;>

Precipitation

)I;>

Risk areas

Watershed maps outline regions that share the common drainage of water into one river. As a
result, these zones provide an accurate determination of countries that share flood-related
damage. Based on the decision to focus on floods, the examination of watershed zones
provides the most appropriate method for designating shared regional water management needs.
Since watershed countries are adjacent, they are more likely to experience the similar weather
systems that are often responsible for creating water-related disasters. Further more, to
effectively achieve useful flood modelling for a disaster management system, the complete area
of the watershed must be included. For example, the Mekong River watershed covers Lao
PDR, Thailand, Cambodia, Vietnam, and part of southern China. All have considerable areas
of their countries as part of this flood plain.
Basin-wide planning is necessary for effective flood management. In order to assess and
manage all phases of flood disasters it is necessary to combine space and ground based
observations of the atmosphere and of the flood-prone area. The main tools used to accomplish
this are GIS data, hydrological models· and meteorological forecasts. Generally, flooding is
triggered by heavy rainfall in the river drainage basin. Therefore, it is necessary to consider the
dynamic behaviour of water in the whole basin.
The hydrological cycle influences the evolution of the drainage basin system. Weather
satellites detect various aspects of the hydrological cycle including precipitation rate and
accumulation, moisture transport, and surface soil wetness. 5 The stream network in a drainage
basin is not constant; it undergoes geomorphologic evolution that in turn influences the
modelling of the drainage basin. This continuous evolution is a long process, but it is
characterised by accelerated phenomena that develop in the medium or short timeframe. The
very short time processes are triggered by extreme meteorological events. The type and
magnitude of the ensuing phenomena, such as floods and landslides, show a great variability
dependent on local climate, land use, geology, and slope.
As a result of changes in the drainage basin, it is necessary to identify new morphological flood
risk zones. In flood-plain areas, damage due to floods is mainly controlled by increased water
flow caused by heavy precipitation in upstream areas. In mountainous areas, damage caused by
floods takes place almost in conjunction with critical meteorological events, like storms.
Floods, especially of this variety, are usually classified as flash floods since the lag time
between meteorological cause and flooding effect is extremely short.
The duration of effective rainfall necessary to produce floods is usually from hours to days and
it depends on terrain relief, land-use, soil moisture and current water levels within the drainage
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basin. As an example of an existing system, the Earthsat Corporation provides daily US Flood
Threat Maps, 6 which show the amount of rainfall necessary to cause flooding on a county level.
By combining the flood threat information with rainfall, flood risk maps are produced which
show the probability of flooding on a county level over the next 24 hours.
Environmental systems also affect the development of floods. Deforestation changes the runoff characteristics of a mountain, which in tum allows soil erosion, resulting in faster water
flow.
QUANTIFIABLE PARAMETERS FOR FLOOD DISASTER MANAGEMENT

Table 3-8 summarises the quantifiable parameters for each phase of flood disaster management.
The useful spatial and temporal resolutions for the quantifiable parameters are indicated, as
well as the data sources useful in producing the necessary data products. Spatial resolution
refers to the size of the smallest discernible features or objects in the data. High-resolution
images reveal more detail than lower resolution images but since the swath width of highresolution imagery is usually narrow, more images are needed to cover an equivalent area.
Temporal resolution refers to how often the data products need to be updated to be useful in
flood management.
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Table 3-8 Quantifiable Parameters for Flood Disaster Management

78
•

Spatial
Resolution

Temporal
Resolution

Land-use maps

1m to 50 m

-3 yr.

Optical multispectral, SAR,
IFSAR *, aerial photography

Prep, Mit,
Resp,Recov

DEM*

1m to 50 m

-20 yr.

Optical/Radar stereo pairs,
IFSAR, laser scanning

Prep, Mit,
Resp, Recov

Flood-plain maps

1mtolkm

-3 yr.

DEM

Prep, Mit,
Resp, Recov

Flood-plain
model, risk maps

lmto1km

-3 yr.

Flood-plain map, land-use map

Prep, Mit,
Resp, Recov

Parameter

Data Sources

Phase

Precipitation

100m to 50 krn

- 5 min to 3 hrs

Weather radar, weather
satellite, meteorological
stations, meteorological
stations

Precipitation
estimate

1 km to 50 km

- 1 hr to 12 hrs

Meteorological models,
current weather

Mit, Resp

Soil moisture

100m to 1 km

- 1 day

SAR, passive microwave

Mit, Resp

I km

- 1 day

Flood-plain maps, soil
moisture, water level gauges,
precipitation forecasts

Mit, Resp

Predictions

Mit, Resp

Weather satellites, wind
scatterometer, radiometers,
meteorological stations

Mit, Resp

Water level gauges,
meteorological stations

Mit, Resp

Flood-threat, risk
maps
Tidal conditions
Storm tracking
and track
prediction

1 km to 5 km

- 30 min

Water level
Mapping extent of
floods

20m to l km

3 hr to 7 day

Mapping extent of
damage

1m to 20m

I day to 7 day

Mit, Resp

SAR, radiometers

Resp

Optical high resolution data,
high resolution SAR

Resp

*Interferometric Synthetic Aperture Radar (IFSAR)- Stereographic SAR processing to produce digital elevation
models (DEM).

I Prep = Preparedness Phase Mit = Mitigation Phase

Resp = Response Phase Recov = Recovery Phase

During the preparedness phase, the relevant quantifiable parameters deal with the mapping
and modelling of the drainage basin. A Digital Elevation Model (DEM) is the base for the
mapping of the drainage area and the floodplain . The accuracy of the available DEM has a
direct impact on the accuracy of the flood-plain map. Land-use maps are necessary for
assessing the dynamic behaviour of water. Forest cover, for example, retards the runoff of
storm waters. Land-use maps are necessary in land-use control in order to reduce deforestation
and soil erosion, which both create more flooding-related problems. Land-use mapping is also
needed for long term land-use and urban development planning.
During the mitigation phase, the current and near-future precipitation, soil moisture, water
level and the tidal condition are essential parameters that must be applied to the flood-plain
model in order to produce reliable flood threat/risk maps. Flood warnings are issued based on
these maps . The response to a flood is faster and more effective if the onset of the flood on an
area can be predicted.
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During the response phase the precipitation, soil moisture, water level and the tidal conditions
must be monitored, just as in the mitigation phase. In addition to these, the extent of the flood
must be mapped and the assessment of flood damages begun. Lives can be saved by directing
response efforts towards areas that have suffered most from the floods, as well as by evacuating
people from areas that will soon be flooded.
Mapping of damaged infrastructure occurs during the recovery phase. Since flooding may
have changed the land use, for example by converting rice paddies to wasteland, the land-use
map must be updated. The flood-plain maps and model are updated with the new drainage
network information, and the flood risk map is updated accordingly. The updated maps and
models feed into the preparedness phase for the next flood.

3.5

SUMMARY

In this chapter, we have defined the scope of the project to clarify disaster management system
and observation requirements. The natural disasters, countries, end users, cost approach and
technological approach have been explained and defined. Disaster management requirements
and constraints have been identified. Finally, detailed observation requirements for flood
management have been specified. Chapter 4 will identify existing technologies and
organisations based on the scope and requirements established in this chapter.

3.6

1

REFERENCES

Department of Foreign Affairs and Trade (DEFAT), Australia, (http://www.dfat.gov.au).

2

"Reducing Disaster Losses through Better Information, Report by the Board of Natural
Disasters, Commission of Geosciences, Environment and Resources", National Research
Council, National Academy Press, 1999, Washington, D.C.
3

National Research Council, "Reducing Disaster Losses Through Better Information", National
Academy Press, pp. 22-23, 1999, Washington DC.

4

Ms. Mona LACOUL, Asian Institute of Technology, Asian Centre for Research on Remote
Sensing, P.O. Box 4, Klong Luang, Pathumthani 12120, Thailand.
5

Scofield and Achutuni, "The satellite forecasting funnel approach for predicting flash floods",
Remote Sensing Reviews, Vol. 14, pp 251-282, 1996.

6

Earthsat Flood-Cast Page (http://www.earthsat.com/flood/floodcast.html).

7

CEOS Interim Report from Flood Hazard Team.

8

Holdaway R., Zamecki J., 1998 Disaster Monitoring and Warning Using Space-Based
Constellations, 49th International Astronautical Congress, Sept. 28-0ct. 2, Melbourne,
Australia.

-~~· 35

(--u

36

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

4 CURRENT AND EMERGING
INFRASTRUCTURE
Nature's law affirm instead ofprohibit. Ifyou violate her laws,
you are your own prosecuting attorney, judge, jury, and hangman.
Luther Burbank

4. 1

INTRODUCTION

This chapter first focuses on the currently existing technologies that assist the disaster
management efforts in the Cambodia, Lao PDR, Thailand and Vietnam. This is followed by a
discussion of planned improvements to the current technologies.
The second half of the chapter discusses the various organisations involved with disaster
management in the countries and how they each relate to other international, regional and
national organisations. The infrastructure is further analysed for gaps in chapter 5 and
proposed solutions to these gaps are given in chapter 6.
Systems are discussed rather than the individual technologies used to realise them.

4.2

EXISTING TECHNOLOGIES

The following sections outline the technologies and infrastructure available for use by the
various disaster management organisations in the selected countries. The capability of
technologies appropriate to communications, remote sensing, in-situ measurements,
transportation, structural measures and information management systems are described.
4.2.1

COMMUNICATION

The existing communication infrastructures of Cambodia, Lao PDR, Thailand and Vietnam are
summarised below. It is assumed that during a disaster priority will be given to the disaster
management effort with respect to access to communication system capacity. The importance
of robust and adequate communications systems can not be over emphasised. Access to these
systems, although different, is vital to each of the four phases of disaster management shown in
Figure 4-1. Excellent communication systems may exist, but an analysis must be conducted to
establish the impact of natural disasters on the system. As an example, the Canadian ice storms
of 1998 in Quebec and Ontario caused wide spread damage and disruption to what was
believed to be a robust and reliable communications system.
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MITIGATION

PREPAREDNESS

RESPONSE

RECOVERY

Figure 4-1 Communications and Disaster Management Phases
TELEPHONE

Table 4-1 outlines the telephone systems and technologies that are available. Telephone
availability and access are concentrated in the urban centres. The rural areas have limited
telephone access.
Table 4-1 Existing Telephone System/
Country

Main Trunk
Fibre/Wire

Bandwidth
(kbps)

Teledensity
People/Tel

Distribution
Area Type(%)

Cambodia

Wire
Wire

1620
263

City

LaoPDR

96
96

Thailand

Fibre Optic

144

30

Urban/City
Limited Rural

Vietnam

Fibre Optic

144

95

Urban/City

Urban/City

WIRELESS CELLULAR

Table 4-2 defines the existing cellular systems available. This system needs to be viewed in
conjunction with the regular telephone system in each country, as they are often complimentary
in their technology and coverage. Like conventional telephones, access is concentrated in
urban areas and the rural areas have little to no coverage.
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Table 4-2 Existing Wireless/Cellular Systemi

NA

Country

System Type

Frequency
(MHz)

Distribution
Area Type

Subscribers
(1998)

Cambodia

AMPS/NMT/
E-TAC

450/800

City

44,000

LaoPDR

AMPS/GSM

900

City

16,000

Thailand

AMPS/NMT/
GSM/CDMA

900/1800

Urban/City

2,100,000

Vietnam

AMPS/DAMPS/
GSM

900

Urban/City

178,000

= Data Not Available

RADIO BROADCASTING

Table 4-3 defines the existing radio systems that are available. One consideration, not included
in this table, is the provision of services in multiple dialects. Radio stations broadcast over
wide areas and could reach almost all of the population. However, access to radios is limited,
especially in Cambodia.

Table 4-3 Existing Radio Broadcast System/
Country

Modulation
FMIAM/SW

Coverage

(%)

Density
(Person/Radio)

Cambodia

10/1/0

NA

1620

LaoPDR

011010

NA

9

Thailand

100 I 200 I 0

100

6

Vietnam

228/NA/0

100

10

NA =Not Available, SW =Short Wave
TELEVISION BROADCASTING

Table 4-4 defines the television systems available. Each country employs different television
standards, which prevent regional broadcasting of disaster information and easy sharing of
television infrastructure. Again, broadcasting could reach all areas in a country but access to
televisions is limited and concentrated in the urban areas.

Table 4-4 Existing Television Systeml
Country

Type

Broadcast
Stations

Density
(PersonffV)

Cambodia

PAUNTSC

5

14

LaoPDR

PAL

2

165

Thailand

PAL

11

18

Vietnam

NTSC/SECAM

36

26
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SATELLITE COMMUNICATION SERVICES

The communication satellites defined in Table 4-5 are used primarily by Cambodia, Lao PDR,
Thailand and Vietnam. Of special interest are the mobile communication satellites providing
mobile voice and pager access in the region. Although they may not currently be used to a
great extent within each country, they do afford external agencies access to independent means
of communications during a disaster. One consideration, not included in this table, is
ownership of direct broadcast satellite receiving antennas or very small aperture terminals
(VSAT); currently these are not major contributors to the current infrastructure. However they,
do represent an excellent opportunity for television broadcasting and two-way satellite
communications to remote regions during a disaster. Both are inexpensive and easy to deploy.
One of the obvious benefits of nationally owned communication satellites is that reliance on
external operators is minimised during a disaster and availability is guaranteed.
Table 4-5 Primary Communication Satellites Used by Each Country4
Country

Mobile

Iridium
ACeS
Orbcomm

Cambodia

Iridium
ACeS
Orbcomm

LaoPDR

Thailand

Vietnam

4.2.2

I

Iridim
ACeS
Orbcomm

Iridium
AceS
Orbcomm

Satellite Type

Earth Station
Location

DBS/FSS
Mobile

Bayon
Mobile

Paging

Pager

DBS/FSS

Dokboua

Mobile

Mobile

Paging

Pager

DBS/FSS

Bangkok

Mobile

Mobile

Paging

Pager

DBS/FSS

Hoasen-112

Mobile

Mobile

Paging

Pager

Satellite Operator
Intersputnik (Statsionar 13)
Iridium
ACeS
Orbcomm
Intersputnik (Statsionar 13)
Thaicom 1
Iridium
ACeS
Orbcomm
Intelsat 5/617/8 Series
Thaicom 1/2/3

Intersputnik (Statsionar 13)
Thaicom 1
Intelsat 5/617/8 Series
Binarinang Measat 2

SENSING

This section deals with the existing sensing systems available for use. These systems fall into
one of three categories: space, airborne and ground based.
REMOTE SENSING FROM SPACE

Earth observation technologies have proved their vital role in the survey, exploitation and
sustainable management of natural resources, as well as in monitoring environmental
degradation and natural disasters. They help provide countries with adequate knowledge of the
distribution of their natural resources or the suitability of particular geographic areas for
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specific agricultural or economic purposes. 5 Indeed some of the selected countries already
make regular and extensive use of remote sensing satellite data.
Several decades of satellite remote sensing applications have shown the technology's potential
as a powerful tool for resource assessment and management. Remote sensing offers a wide
range of opportunities for making observations over an area on a repetitive basis, using various
portions of the electromagnetic spectrum and wide geographic coverage on a regional or even
global scale. Compared with conventional ground or airborne surveys, satellite observations
provide less detail but much greater economy, especially where repetitive monitoring is
required. Large-scale phenomena or features that are not visible to a ground observer can often
be identified on satellite images. 5
As examples, for the observation of land features at relatively high resolution from low earth
polar orbit (LEO), international remote sensing satellites include the Landsat and SPOT series.
For land and marine observations, the development of satellites with imaging radar systems and
other microwave sensors has proved to be an advantage. These satellites include the European
Remote Sensing satellites (ERS-1 and ERS-2) and the Canadian Radarsat satellite. Several
organisations around the world provide remote sensing satellite systems for earth observation
purposes. Table 4-6 shows a summary of these.
Also shown in the table is TMSAT, the first Thai-made micro satellite launched on July 10,
1998. It is a 50 kg LEO satellite equipped with five cameras capable of acquiring images under
various lighting conditions for weather and resource monitoring purposes. 6 NASA TRMM
Office provides an extensive on-line data base of radar images, animations and data, as well as
rain gauge data from many of the TRMM ground validation sites including two in Thailand and
four in Vietnam. Rain gauge networks in Thailand count 40 "tipping bucket" gauges. 7 Even
though the Japanese JERS-1 and MOS-1 and Russia's RESURS-01 are no longer operational,
archived optical and radar images are accessible for other applications such as mapping.
The system capabilities can be directly compared with the requirements for remote sensing
systems outlined in chapter 3. However, the availability of data is not necessarily guaranteed
during a disaster as the policies of the countries and organisations that operate the remote
sensing satellite can and do limit the access to data for political reasons.
Table 4-6 Typical Current Remote Sensing Satellite Systeml
Country

Asset

Canada

Radarsat

China

ROCSAT-1

TypeofData
Synthetic Aperture Radar (SAR)
Multispectral (Visible/NIR)

ESA

ERS

France

SPOT series

Active Microwave Radar instrument (SAR, etc)

India

IRS series

Russia

Kosmos series

Panchromatic

Thailand

TMSAT

Panchromatic

USA

NOAA series

AVHRR

USA

Landsat series

Multispectral

USA/Japan

TRMM

Panchromatic, Multispectral (visible/IR), Vegetation
Multispectral, Panchromatic, WIFS (wide field sensor)

Multispectral (VisiblefTIR, NIR/Microwave)
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For flood monitoring, many aspects of land and atmospheric characteristics must be known.
These include precipitation rate, soil moisture, landscape topography and vegetation. One of
the best demonstrations of satellite remote sensing's relevance to flood monitoring in South
East Asia occurred for a major flood in Bangladesh when SPOT data was used. 9
In Thailand, satellite data is used in the monitoring and evaluating the damage caused by storms
and floods. It was used for the flooding in Nakhon Si Thamrnarat Province in 1988 and the
effects of Typhoon Gay in Chumphon Province in 1989. The information was used to delineate
areas for relief activities and rehabilitation planning. 5
Unfortunately, no single satellite remote sensing system is dedicated to flood monitoring. Earth
observation satellites have many applications including disaster management. Disaster
management organisations must use a combination of the existing systems to fulfil their needs.
This means they must rely on foreign facilities and data.
Table 4-7 shows the remote sensing satellite systems used by the selected countries anc;l
organisations discussed. Thailand ground stations can also receive Radarsat, IRS and NOAA
data. 10
Table 4-7 Typical Satellite Data Directly Available through National Ground Stations
Country/ Organisation

Satellites System

Regional (i.e. Asian Centre for Research on Remote ·sensing (ACRoRS))

NOAA,

Inter-nation (i.e. United Nations Environment Program/ Environmental
Assessment Program- Asia-Pacific (UNEP/EAP-AP))

NOAA, SPOT, IRS

Cambodia

(Info not found)

LaoPDR

Landsat, SPOT

Thailand

JERS, ERS, NOAA,
RadarSat, IRS, Landsat,
SPOT

Vietnam

Landsat, SPOT, Kosmos.,
ERS, Radarsat, NOAA and
AVHRR

For water-related natural disasters, meteorological weather satellites, such as the NOAA and
GOES series, are of great use in providing visible and infrared data, which is updated many
times a day. Wide-range observations (synoptic) in near real time have become important
elements in disaster warning, damage assessment and mitigation. Regional cloud patterns,
precipitation distribution and other climactic and atmospheric parameters, as well as soil
moisture-vegetation indices are observed. Existing meteorological satellites systems are
presented in Table 4-8.
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Table 4-8 Existing Meteorological Satellite Systems8
Country

Asset

Orbit

Type of Data

USA

NOAA series
GOES series

LEO polar
GEO

AVHRR
Visible/IR

Europe

Meteosat series

GEO

Visible/ IR Radiometer

Russia

METEOR series

LEO

Visible/NIRITIR

Japan

GMS series

GEO

Visible/IR Radiometer

India

Insat series

GEO

Visible/NIR, TIR

Most meteorological data used by South East Asia comes from the civilian weather satellites
(NOAA, GOES) of foreign countries. However, UNEP/EAP-AP also obtains information and
data from the Defence Meteorological Satellite Program (USA).
Many types of sensors are used for earth remote sensing purposes. They are divided into two
general categories: passive and active. Active sensors such as Synthetic Aperture Radar (SAR)
are widely used, especially for flood monitoring as data can be acquired regardless of cloud
coverage over the area of interest. SAR sensors are able to generate images in which features
with dimensions of around 10 meters can be distinguished. Optical-high resolution data is also
very useful, i.mt requires daylight and cloud-free conditions. The advantage of optical
instruments is that they are more compact and less complex than SAR. Table 4-9 shows the
advantages and disadvantages for each type of instruments.
Table 4-9 Advantages and Disadvantages of Types of Observation-Payload Instruments 11
Type

Advantages

Disadvantages

Visible

Highest resolution
Can use multispectral bands
Camera technology can be replaced by electrooptical technology

Operate only in daylight
Best resolution is on film
Needs precise pointing & control
Obscured by weather/ clouds

IR

Moderate resolution
Works day or night
Bad weather degrades contrast
Can use multispectral bands
Senses thermal radiation

Instrument are complex & expensive
May need cryogenic coolingexpensive & life limiting
Looks "down" (limits coverage)

Microwave
radiometer

"sees" better in bad weather than visuai or IR
Works day or night
Large-scale coverage with unique target
signatures
Relatively low cost and complexity
Can penetrate below the surface

Resolution 103 to 105 times worse
than visual
Requires extensive ground-truth data
and precise calibration
Requires receivers with very low
noise

Radar

Provides own illumination
Excellent resolution
Works night or day
Sees well through weather
Can penetrate below the surface
Large swath coverage possible
Can use Doppler to detect motion

Can be detected and jammed
High power requirement
Large, expensive system
Collects vast amounts of data which
must be processed to prepare images.
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Sensors used on space and airborne platforms are characterised by their spatial resolution,
coverage, spectral bands and temporal resolutions. Table 4-10 shows these characteristics for
existing earth observation systems.
Table 4-10 Current Space Based Remote Sensing System/ 2
Sensor/ Satellites

Type

Spatial
resolution

Swath width

Revisit
Cycle
(days)

A VHRR/ NOAA series

Multispectral
scanner

1.1 and 4 km

2400km

0.5

SARI ERS-1 and 2

SAR

26m

102 km

168 and 35

IR.S-1C, 1-D

Panchromatic
Multispectral

5.8 m
23.5-70.5

70km
142 km

24

Kosmos 2349

Panchromatic

2-10m

165-300

KVR-1000i Kosmos

Panchromatic

2-3m

40km

TK-350/ Kosmos

Panchromatic

lOrn

300x 200km

MSS/ Landsat 1-6

Multispectral
scanner

80m

185 km

16

Enhanced Thermal Mapper/
Landsat-7

Push broom
sensor

30m

185 km

14

SARI Radarsat

SAR

7.8-IOOm

50-500 km

24

High Resolution sensor HRV/
SPOT series

Panchromatic
Multispectral

lOrn
20m

117 km
117 km

26

Vegetation/ SPOT 4

Multispectral

4000m

1150 km

26

The NOAA series of satellites can also be used. They provide images each day at 1 km
resolution in the visible, near IR and thermal IR bands.
For the estimatiOn of liquid water and precipitation rate, visible/IR imagers on meteorological
satellites provide indirect but frequent measurements of rainfall. The are derived from
measurements of cloud-top temperatures as well as information given by microwave imaging
sensors.
For landscape topography, information is obtained primarily from multi-band optical imagers
and SAR instruments. Good results have been obtained from stereo optical instruments and
SAR, which have a stereo image capability. The pointing capability of the SPOT payload
allows the production of stereo images from data gathered on different orbits. This data is then
used to create digital elevation maps, which give a more accurate depiction of terrain.
Interferometric SAR techniques can also be used to detect very small changes in topography.
Direct soil moisture measurement from space is difficult. The ideal instrument seems to be the
passive microwave radiometer, although some success has been achieved using radar. Passive
microwave sensors can also be used to infer information based upon surface microwave
emissions, but the spatial resolution is very poor, in the order of several kilometres. SAR data
currently provides the main source of information on near-surface soil moisture to a depth of
5 em. To date, the use of this information has been limited to tasks such as distinguishing
between irrigated and non-irrigated fields. Determination of soil moisture from space is an
active area of research and information has indirectly been obtained from other satellite
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observations, including visible/infrared measurements such as those from Advanced Very High
Resolution Radiometer (A VHRR) of land surface temperature and vegetation condition.
On national and local scales, the higher spatial resolution requirements for information mean
that high resolution imaging sensors, such as on SPOT cmd Landsat, and imaging radars, such
as on ERS and Radarsat, are most useful. Such sensors can be used as practical sources of
information for agriculture, resource exploration and management, geological surveying,
hydrological applications and mapping. High resolution imagery can also be used for land
cover classification and change detection on a local/national level.
Even though earth observation satellite systems are a very important asset in disaster
management, the level and quality of the information gained is much more valuable when the
data acquired with space-based instruments is combined or merged with airborne instruments.
In Lao PDR for example, land resources and agro-ecological mapping of the Bolovens Plateau
was carried out using a combination of aerial photographs and Landsat and SPOT data. In
addition, with technical assistance from the Mekong River Commission and support from
ESCAP and UNDP, visual interpretation of data from SPOT, Landsat and aerial photographs
were used to prepare two thematic maps, one on land use and another on inundation. 5 In
Vietnam, Landsat data was also combined with aerial photographs and was used widely in
mapping activities. Land use maps have been produced and soil maps have been revised,
covering the central high plateau region and the Mekong River delta. Kosmos, Landsat and
SPOT data was also used to update the country's topographical maps at 1:50,000; forest maps
at 1:250,000 and 1:100,000; and land-use maps at 1:50,000 and 1:1,000,000 scale. Satellite
data has also been used to assess the rehabilitation of mangrove areas in the coastal regions. 5
AIRBORNE SENSORS

Airborne sensors can be very powerful over limited areas and offer a wide variety of choice
with respect to visible, infrared, thermal and microwave sensors. One technology currently in
use in areas where accurate positional information is available is airborne Interferometric
Synthetic Aperture Radar (IFSAR). This technology is capable of producing very high
resolution, better than 1m, topographic maps.
Often military resources are involved in the disaster management process. For example, the
Royal Thailand Air Forces (RTAF) are involved with the planning stage flood alleviation, by
taking aerial photographs of risk areas. They also providf:. relief services in rural areas. 13
NASA was also involved in airborne data collection in Thailand and Cambodia during a
deployment campaign in 1996. The AIRSAR project collected data from many locations in the
region. The AIRSAR instrument is a multi-frequency, polarimetric and interferometric radar
that is flown on a DC-8 aircraft operated out of NASA's Ames Research Center in Mountain
View, California. The selected AIRSAR mode of operation is determined by the science
objective for each site. AIRSAR data collected in the topographic radar mode (called
TOPSAR), provides high resolution Digital Elevation Models (DEMs) which are of use and
interest to the scientific, commercial and government communities. The other mode of
AIRSAR operation, called POLSAR, provides polarimetric, multi-frequency radar data, useful
for characterising land cover, vegetation. The most common mode of AIRSAR operation used
on the Pacific Rim mission was the cross-track interferometry mode (called XTil) which
provides a C-band DEM, and L- and P-band polarimetry. This results in a radar dataset that is
geometrically corrected based on the derived radar topography. 14•15
•
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GROUND·BASED SENSORS

Ground sensors are also used for flood monitoring. Many elements are measurable only from
the ground. They allow direct and detailed information of physical attributes. Ground sensors
are also easy to handle, update with new technical developments and can be rapidly
implemented at low cost.
Common types of ground based sensors used for monitoring include rain gauges, stream
gauges, flow meters and measurement of soil moisture. It is not clear how widely used they are
in the region.
Thailand has a system for stream flow data collection. Normally, a vertical section staff gauge
is installed for manual observation with usual frequency of reading varying from 1 to 5 times of
equal interval during the daytime. At certain locations, reading of water stage by night is also
made, usually 1 to 3 times of equal interval. A pilot project is now underway for automatic
data acquisition. 16
As an example, the ground sensor technologies used in water monitoring by the U.S.
Geological Survey (USGS), in particular their "unattended" instrumentation systems, are
important. Time-series data records are collected through this system from over 10,000 sites
distributed throughout the country. At many sites, the collection process is accomplished in
near-real time using telemetry facilities. Actually, USGS is currently investigating potential
systems to provide this telemetry. The goal of this effort is to have wireless access to all
instrumentation sites. This access would prevent many unnecessary field trips and would also
allow equipment malfunctions to be noticed immediately. Wireless access also enables the
speedy deployment of new instrumentation sites with immediate availability of real-time data.
Methods of station operation, maintenance and data retrieval are site visits by field personnel
(use of laptop for downloading), satellite telemetry (through GOES system) and telephone
telemetry (through modem communications). 17

4.2.3

TRANSPORTATION

Transportation infrastructure is of prime importance, particularly during the relief phase of
disaster management. Table 4-11 gives the state of the transportation infrastructure in the
selected countries.

Table 4-11 Transportation Infrastructure/
Country
Cambodia
LaoPDR
Thailand
Vietnam

4.2.4

Roads (krn)

Paved Roads (krn)

Railway (krn)

Airports

Ships

35769
22321
64600
93300

4165
3502
62985
23418

603
0
4623
2835

7
9
55
36

87
0
304
121

STRUCTURAL MEASURES OF FLOOD CONTROL AND WATER MANAGEMENT

Structural, or civil engineering, measures can be an effective means of protecting areas from
flooding and are widely used within the four countries. These measures include: 18
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~

Reservoir construction - structures to store excess water

~

Flood protection dykes- structures to control the course of a river to protect the near river
communities from flooding. These can be earth embankments or concrete barriers.

~

Drainage regulations and pumping stations - the use of active systems to manage and
control the water using gates and pumps to regulate the water.

~

Improving the drainage system - the river cross section may be enlarged or maintained to
avoid sedimentation and blockage.

~

Flood diversion -direction of excessive water through alternative paths such that the flow
along the original river path is reduced.

When introducing structural flood control measures their impact on the rest of the drainage
system must be considered. For example, levees built to contain a particular stretch of a river
can increase the flow rate through this stretch possibly increasing the susceptibility of areas
downstream to flooding.
The use of structural measures against floods bring some additional considerations. Measures
like flood protection dykes protect the flood plain for typical increases in river height, but there
is always a point at which the river can overtop a particular dyke. Populations living on the
flood plain may increase, and awareness of the flooding threat will be lost, because the
exposure to regular low severity flooding no longer occurs. The rarer intense flooding events,
from which the dyke offers no prOtection, are consequently much more damaging.
Because of this sudden transition between normal working and failure for some structural
protection measures, a "graceful failure" approach may be built into the design, whereby during
times when the design limit of the system is being apfroached less populated areas may be
preferentially flooded to reduce the risk of total failure.
4.2.5

INFORMATION MANAGEMENT SYSTEMS

In common with vast majority of modem endeavours, disaster management makes use of many
aspects of information technology and information management technology. Two areas
particularly suited for use of disaster management are Geographic Information Systems (GIS),
and hydrological flood modelling and simulation. In this section, these technologies are first
described. A table is then presented which provides an overview of the systems in the region
that use these technologies.
GEOGRAPHIC INFORMATION SYSTEMS

The key benefit of GIS is that it allows comparison and combination of geographical data from
different sources. A simple example of this is a false colour visible-lR image where thermal
and visible images of the ground are combined into a single image. Since it is not necessary to
display all the data layers contained within GIS simultaneously, it is possible to have many
levels within a GIS giving different types of information. The benefit that this technology has
is that it allows visualisation and analysis of very complex and diverse sets of data. For
example, a suitably populated GIS could be instructed to show all points within 100 metres of a
river and further than 500 metres from a road.
Figure 4-2 shows the fusion of different pictures from the same region taken by different
satellites at different wavelengths. As a result, the final picture offers much more information.
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Airborne C-HH SAR (I)

© CCRS. 1997
Figure 4-2 GIS of Lake Songkhla, Thailand (Fusion SAR/TM)
FLOOD HYDROLOGICAL MODELLING AND SIMULATION

Hydrological modelling attempts to simulate the parts of the hydrological cycle relevant to
flooding phenomena as shown below in Figure 4-3.

~

Precipitation

Evapotranspiration
Evaporation
Soil production potential

Flood plane
Underlying geology

~~~
High risk area

D

Figure 4-3 Flood Hydrological Cycle

The key parameters for flood hydrological modelling are precipitation, land use, underlying
geology and soil moisture. Precipitation introduces water into the ground as part of the cycle.
The extent to which the water is free to run off immediately depends on the type of ground
cover, for example soil type, topography and the extent to which the storage capacity of the
ground has already been filled. For example, a forest area has a greater water storage capacity
than an urban area, partly because urban areas are heavily paved. Evapo-transpiration losses
may be ignored for some hydrological modelling. Interaction of the water with the underlying
geology is usually of secondary importance. However, it becomes more important for areas
having porous bedrock, for example sandstone or limestone.
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Figure 4-4 Land Topography and Watershed
A fourth key parameter is the shape of the land onto which the water falls. The area feeding a
river system is referred to as a watershed. The edges of the watershed area or watershed
boundary for a given basin area are delineated by the surrounding peaks and ridges Figure 4-4.
The ground topography defines the directions the water moves over the land, concentrating to
form a network of streams of increasing size until reaching the lowest point of the watershed,
known as the pore point. A variety of ground shape parameters are required (aspect, slope,
profile curvature and planform curvature) but these can all be derived from a digital elevation
model (DEM) of the ground (Table 4-12). It is important to note that the DEMand land use
maps need to be updated on a periodic basis as the topography changes with time; this directly
affects the model.
Table 4-12 Key Hydrological Modelling Parameters
Key modelling parameter

Acquired by

Precipitation

Ground measurements
Microwave sensing in conjunction with
rainfall prediction algorithms

Land use
Soil moisture

DEM

Surveying
Visible/IR imagery
Ground measurements
SAR (qualitative measurement only)
Surveying
Stereo SAR or visual
Laser altimeter

Flood hydrological modelling aJlows the production of risk maps for early warning. If an early
warning hydrological model is sufficiently accurate it may be used for response in the absence
of timely flood imagery. Delays in obtaining imaging of a flood is not particularly unlikely
given that equatorial flooding occurs during the wet season when the usefulness of optical
space based earth observation is extremely limited.
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EXISTING INFORMATION MANAGEMENT SYSTEMS

All Lower Mekong Basin countries have some form of GIS-based capability. However, the
extent of these facilities and the purpose for which they are used differ considerably. The
following table indicates how much GIS capability is used for disaster management related to
flooding. This is also done for the regional and international level, as certain facilities are
owned by all four countries through regional organisations and others are owned by
international organisations like the United Nations. Since the GIS, systems related to
preparedness and recovery are similar, and the same accounts for the mitigation and response
phase, these phases are combined in the Table 4-13.
Besides the capability of the systems, the data quality and data coverage is taken into account.
Based on country reports, 10 an assumption is made about the data coverage, indicating if data is
available on the whole region (Table 4-14). In addition, based on the same reports and some
insight on data catalogues an assumption is made about the quality related to flooding. It is
indicated if more than one type is available (SAR, optical etc.), how old the data is and what
spatial resolutions are available.
Table 4-13 Estimation of Current Availability ofGJSfor Use in
Disaster Managemenr0•21 •22•23•24•25
Cambodia

Laos

Thailand

Vietnam

Region

International

Systems

2/0

110

2/0

4/5

3/0

3/0

Data Coverage

2/-

2/-

2/-

2/-

2/-

2/-

Data Quality

110

110

3/1

3/2

3/1

210

GIS use in Preparedness and Recovery!GIS use in Mitigation and Relief. 0 =No data available

Table 4-14 Legend for GIS Availability in Disaster Management
1

2

3

4

5

Systems

Few avail. not
used for DM

Several (>10)
available, but
not used for
disaster
management

Few
available.
And used for
disaster
management

Several
available.
and used for
disaster
management

Fully operational DM
information centre
avail. capable of
handling all phases
and addressing all
parts of disaster mgt.
maps, education, etc

Data
Coverage

Data avail. on a
few districts

Data avail. for
the whole
coverage area :
country/region

(not
applicable
for data
coverage)

(not
applicable
for data
coverage)

(not applicable for
data coverage)

Data
Quality

Insufficient
(outdated, not
detailed enough,
or not time! y especially early
warning related)

Excellent

(not
applicable
for data
quality)

(not applicable for
data quality)
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4.3

FUTURE TECHNOLOGIES

This section outlines the technologies that will be available in the future. All four selected
countries have policies in place to improve their infrastructures. Thailand, with the most
advanced infrastructure, is a leader in this process.
4.3.1

COMMUNICATION

The improvement of the communication systems is a major aim of all four countries.
Cambodia plans to have at least one telephone line per 100 people in the year 2000. A nationwide trunk system using ground-based microwave radio links or optical fibre transmission
systems will interconnect all provincial capitals with each other and Phnom Penh to provide a
high quality digital communication system. The perf0rmance of the system will be further
increased by the adoption of a new structure and operating procedure by the Ministry of Post
and Telecommunication.
Lao PDR plans to have 86 000 telephones (1.6 per 100 people) in 2000.
Thailand hopes to increase the number of telephone lines to 20 per 100 people by 2001.
Further the communication network will be enhanced especially in remote rural areas by using
the communication satellite systems ICO, IRIDIUM, Asia Cellular System (ACeS) and AsiaPadfic Telecommunication (APMT).
Vietnam plans to increase its teledensity to three telephone lines per 100 inhabitants by 2000
and plans to spend 2.7 billion US$ on telecommunication upgrades through the end of the
decade. The satellite services VSAT and INMARSAT will be used to reach the remote rural
areas and islands.
All four countries plan to establish a microwave network for the Indochina region to provide a
basis for improved economic and social relations. The countries are also aware of the
increasing importance of Internet connectivity and are improving their networks and increasing
the level of computerisation. Thailand plans to connect all universities, colleges and secondary
schools to the Internet in order to establish a computer centre in every rural school. 26 •27 •28•29•30•31
4.3.2

TRANSPORTATION

To improve the available means of transportation, all four selected countries plan to strengthen
and upgrade their transportation systems, link them together and develop trans-national access.
Thailand will be a regional hub for transportation as it is for telecommunication. 32
4.3.3

SENSING

Many new satellites and sensing means are planned to be operational in a near future. Table
4-15 gives some of the systems which will be applicable to disaster management.
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Table 4-15 Planned Remote Sensing Satellites4•8•9
Panchromatic
Satellite

Resolutio
n (m)

Swath
width
(km)

Radar

Multispectral
Resolution
(m)

Swath
width
(km)

Resolution
(m)

Swath
width
(km)

Repeat
cycle
(days)

Launch

10-100

70-360

45

03

Remote
Sensing
ALOS1

2.5

35

10

70

CARTOSAT
1 (IRS P5)

2.5

30

lO

40

26

99

5

30

NIA.

TBD

David

00

BNVISAT
EROS
(0fek5)

1

15

GDE

I

15

lkonos 1

1

11

4

lkonos 2

1

11

4

2

NIA.

99

I6

00

11

11

98

11

11

99

15

lkonos 3

1

11

4

11

11

02

IRS-2A

5-10

70

23.5-70.5

142

24

00

Kompsat I

10

40

20

40

N/A.

99

Landsat 7

15

I85

30

185

16

99
99

Orbview 3

1-2

4-8

4

8

about 3

Orbview4

I-2

4-8

4

8

about 3

00

Quickbird 1

0.8

21

4.5

2I

N!A.

99

Quickbird 2

0.8

2I

4.5

21

Radarsat 2
ResourceSat
1

3-100
TBD

TBD

Resource 21

10-500

I

00

24

01

6/23.5/80

40

22

00

10-20

205

7 (4 sat)

00

5 (7 sat)

OI

26

02

SkyMedl
Cosmo

I-2.5

IS

5

15

SPOTS

2.5-5

60

10

60

SSR-2

I00-300

2200

SSR-I

100-300

2200

3

23-43

SRTM
03

NIA.

TRSSS
ZiYuan I

NIA.
TBD

20

120

20-I60

I20

26

99

Search &
Rescue
DISCOVER
II
Weather
NPOESS
AIRSAR

The Thailand Remote Sensing Satellite System (TRSSS) is a remote sensing satellite planned in
collaboration with France. Unfortunately, its fabrication and launch dates are unknown since
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the project was postponed due to budget problems. DISCOVER II is a United States Air Force
Search & Rescue constellation for military applications and disaster management. NPOESS is
a future US weather satellite system.
ENVISAT-1, is an advanced polar-orbiting satellite, which will provide measurements of the
atmosphere, ocean, land, and ice. It will be used over a five-year period. The Envisat-1
satellite has an ambitious and innovative payload that will ensure the continuity of the data
measurements of the ESA Earth Remote Sensing (ERS) satellites. The Envisat-1 data will
support Earth science research and allow monitoring of evolving environmental and climatic
changes.
ENVISAT has two radar instruments, three spectrometers of different types and measurement
characteristics, two radiometers (broad and narrow bands), the first high-resolution spacebome
interferometer for long term observation, and two instruments for range measurements:
);>

Michelson Interferometer for Passive Atmospheric Sounding (MIPAS)

);>

Global Ozone Monitoring by Occultation of Stars (GOMOS)

);>

Scanning Imaging Absorption Spectrometer for Atmospheric Cartography (SCIAMACHY)

);>

Medium Resolution Imaging Spectrometer (MERIS)

);>

Advanced Along Track Scanning Radiometer (AATSR)

);>

Advanced Synthetic Aperture Radar (ASAR)

);>

Radar Altimeter 2 (RA-2)

);>

Microwave Radiometer (MWR)

);>

Doppler Orbitography and Radio-positioning Integrated by Satellite (DORIS) and

);>

Laser Retro-Reflector (LRR).

Plans are underway for the PacRim 2000 Mission (AIRSAR) which is currently scheduled for
April-July 2000. This is a follow-on mission to the PacRim 1996 mission. The list of countries
to be visited on PacRim 2000 is still to be finalized, however the following countries in the
region have expressed interest: Indonesia, Malaysia, Philippines, Vietnam and Thailand.
Recent developments in technology offer improved information from a new generation of
sensors. These include hyperspectral sensors and Advanced Microwave Scanning Radiometer
(AMSR) promoted by the Japanese space agency, NASDA. Hyperspectral sensors provide
higher spectral resolutions resulting in more information for each pixel. Airborne technology
with h1perspectral sensors acquires visible, near-infrared, or thermal infrared images and
3
AMSR sensors collect data globally for the investigation of the circulation of water
video.
and energy.
Advanced Land Observing Satellite (ALOS) is a satellite mainly for mapping, regional
observation, disaster observation and earth resources survey. It includes the Panchromatic
Remote Sensing Instrument for Stereo Mapping (PRISM), the Advanced Visible and Near
Infrared Radiometer type 2 (AVNIR-2) and the Phased Array type L-band Synthetic Aperture
Radar (PALSAR). PRISM is a 2.5m-capable triplet optical radiometer, AVNIR-2 is a
successor of AVNIR (ADEOS) and PALSAR is an L-band Synthetic Aperture Radar.
PALSAR has a high-resolution mode, mainly used for detailed regional observations and repeat
pass interferometry. PALSAR will have another useful observation mode, which is the
•
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ScanSAR mode. It will allow SAR images of 250-350 km width by sacrificing spatial
resolution. This is three to five time wider than conventional SAR images. It is useful for sea
ice extent and rain forest monitoring.
The spacebome Imaging Radar-C and X-Band Synthetic Aperture Radar (SIR-C/X-SAR) are
part of NASA's Mission to Planet Earth. The radar illuminates the ground with microwaves
allowing detailed observations at any time, regardless of weather or sunlight conditions. SIRC/X-SAR uses three microwave bands. The international scientific community will use the
multi-frequency data for better understanding the global environment and how it changes. The
SIR-C/X-SAR data, complemented by aircraft and ground studies, will give scientists clearer
insights into those environmental changes caused by nature and those changes which are
induced by human activity. 34

4.3.4

INFORMATION MANAGEMENT

GIS

GIS systems offer techniques for contrasting different data layers but the versatility and power
of these built-in analyses are limited. Scientific manipulations of the data have often required
separate code. Not surprisingly, the GIS and scientific element are not usually as well
integrated. One future trend in GIS systems will be transparent integration of the main GIS
engine and the custom elements suited to a user's particular needs. This will probably occur
through the inclusion of a capable application development component in commercial GIS
systems. Similarly new GIS systems are likely to show customised user interfaces, developed
for the specific set of tasks that the GIS is intended to address.
Two trends in GIS are growth in the resolution of manipulated data and growth in the number
and types of data levels being combined. Both these trends lead to large and unwieldy datasets.
The focus of development will be to design systems enabling the use of data from many
systems rather than the monolithic systems of the past. Naturally, the Internet is often the
means of connection between databases in these efforts.
GEOMATICS

Geomatics is the new field of digital remote sensing technologies combined with
telecommunications, telemetry and positioning services, GIS, spatial modelling and computer
analysis. In its current state GIS is a very powerful and useful technology, yet its capabilities
will improve further in the near future. Geomatics is much larger than our current concep.t of
GIS. There will be an explosion of new applications fuelled not by new technologies, but by
fusion of existing technologies into integrated geomatic systems. Much of this is made possible
by the increase in power and usability of modem computers, the decrease in their cost and by
the Internet and WWW revolution. 35
COMPUTER ADVANCES IN DATA STORAGE, PROCESSING, AND ANALYSIS

A major issue in the future of information technology is the ability to store, access and analyse
large amounts of data. New processors and storage techniques are needed to increase the
processing power of computers. This section describes new processors and the trends in future
techniques for storing, processing and analysing data. 36
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In the area of data storage, the major change in the near future will be the replacement of
magnetic media by optical ones. Rather than being read by a magnetic head, these discs are
read by lasers. They have a very low error rate, high durability and, most important of all, are
re-writable.
At this time, it seems likely these optical storage media will be replaced by holographic
technology. With faster processors, faster memory access is also necessary. One of the most
promising technologies seems to be Synchronous Dynamic Random Access Memory
(SDRAM) chips because of their speed.
Data warehousing is a vital part of any GIS system. These systems typically use enormous
amounts of storage capacity. By being able to quickly access stored data, useful information
can be made available to decision makers quickly.37
HYDROLOGICAL MODELLING AND SIMULATION

Future improvements in hydrological modelling will stem from improvements in spatial
resolution and accuracy of the four main input parameters (precipitation, land use, soil moisture
and DEM). For early warning in the mitigation phase, the timeliness of the changing short term
parameters, such as precipitation and soil moisture, are crucial.

4.4

CURRENT ORGANISATIONS INVOLVED IN DISASTER
MANAGEMENT

4.4.1

INTRODUCTION

International organisations, non-governmental organisations (NGOs), technical companies and
government institutions are involved in disaster management operate at several levels. The
level of operation determines the depth and immediacy of their actions and the phases of
disaster management where they have an impact. In general terms, there are international
organisations, regional organisations and national level entities, which include governments.
Aid and development organisations operate on various levels. Many are national organisations
that make international contributions. For example the Swedish International Development
Agency (SIDA) can donate funds through the United Nations Development Programme
(UNDP) for a specific disaster management project, for example a GIS in Cambodia.
Technically, SIDA is a national organisation but it donates through an international
organisation that operates programmes on a national level. Others, like the European
Community Humanitarian Office (ECHO), are regional organisations that fund development
programmes on regional and national level. For the sake of clarity, arbitrary distinctions have
been made to ilJustrate the actors in disaster management and how they interact with each other.
4.4.2

INTERNATIONAL

International organisations are global bodies that have an international membership like the
United Nations. Organisations from outside this region are included at this level as well. Such
organisations are governmental and inter-governmental funding organisations like SIDA and
ECHO, as well as relief organisations such as the Red Cross.
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The United Nations will be presented first. Secondly, international funding organisations are
described. The third group of organisations on an international level are those organisations
that are active in the response phase of disasters where relief aid is given.
UNITED NATIONS FAMILY OF ORGANISATIONS

Although the United Nations Charter does not directly mention disaster management, we can
infer that natural disasters are under its mandate as the purpose of UN is to achieve
international co-operation in solving international problems of an economic, social, cultural, or
humanitarian character, and in promoting and encouraging respect for human rights. Note
though, that there are no international agreements that regulate natural disaster management
systems in order to guarantee the protection of the lives, property, and rights of human beings.
The United Nations demonstrated their interest in disaster management by the proclaiming the
International Decade of Natural Disaster Reduction.38 Further dedication has been shown to the
subject of disaster management by Agenda21. The outcome of the Conference on Environment
and Development at Rio de Janeiro in 1992 was to promote, among other things, human
settlement planning and management in disasters, and the development of a culture of safety
and pre-disaster planning. In addition, it gives orientations to bridge the data gap between the
developed and the developing world to make informed decisions concerning environment and
development.
The agencies within the UN that address the issue of disaster management are the United
Nations Development Programme (UNDP), the United Nations Environmental Programme
(UNEP), and the United Nations Disaster Relief Co-ordinator (UNDRO). UNDRO addresses
three areas in disaster management: disaster relief co-ordination, disaster preparedness and
mitigation. However, it is not actively involved.
UNEP and UNDP are both present and active within the selected countries.
~

The United Nations Environment Programme

The mission of the United Nations Environment Program (UNEP) is to provide leadership and
encourage partnerships in caring for the environment. Its approach is to inspire, inform and
enable nations and people to improve their quality of life without compromising that of future
generations. 39
UNEP is currently implementing its Global Resource Information Database (GRID)
programme and operates on a regional level. Its GRID centres act as a regional hub. The aim
of the GRID programme is to establish 16 centres distributed across the continents with
advanced environment, and thus natural disaster related, data reception, processing and
archiving capabilities. In addition, UNEP is creating UNEPnet, an international satellite based
communication network to facilitate communication between the GRID centres. This network
will improve the dissemination of environmental information, especially to developing
countries and countries with economies in transition. UNEPnet, via the Mercure/Intelsat based
40
network, is designed to allow more number of connections between more organisations.
UNEP has an extensive Environmental Assessment Program (EAP-AP) to facilitate sustainable
use of natural resources in the Asia-Pacific region. The UNEP/EAP-AP centre has been
established with the co-operation of the Asian Institute of Technology (AIT) in Bangkok.
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~

UNDP: The United Nations Development Programme

UNDP is the UN ann focussed on development. It operates mostly on a country-by-country
basis. Disaster management fits mainly in to the sustainable use of the environment portion of
the UNDP mandate, although it has an impact on all development issues. From Agenda21, two
programmes have resulted that are related to disaster management. The lnfo21 programme
addresses the usage of information and communication technology for sustainable human
development. The Capacity21 programme aids developing countries in drawing up national
programmes for capacity building. 41
UNDP works in partnership with UN relief agencies; UNDP concentrates more on sustaining
livelihoods in the long term and acts to "help countries to prepare for, avoid and manage
complex emergencies and disasters." 42 UNDP also receives voluntary contributions from many
countries and aid agencies for its programmes. The UNDP acts more as a funding agency,
being given the assignment to create and increase disaster management information centre
capacity in countries. It mainly affects South East Asia on a national level. UNDP has an
influence on policy. For instance, before granting funding for a programme, UNDP can assess
the organisation of the governmental department from the standpoint of their good governance
mandate. UNDP also funds, and facilitates funding for, programmes like the Mekong River
Commission which has many facets including development and disaster management. 43
UN organs play a role in information, funding, programme role in development and disaster
management, especially for relief in the response phase, are the UN High Commissioner on
Refugees (UNHCR), and the UN Population Fund (UNFPA). In addition, a number of
autonomous operating organisations are linked to the UN through co-operative agreements.
Amongst others, these include the International Monetary Fund, the World Health Organisation
(WHO), the Food and Agriculture Organisation (FAO), the World Meteorological Organisation
(WMO), the International Telecommunications Union (ITU) and the United Nations Children's
Fund (UNICEF).
SPONSORS AND DONORS

At the international level various organisations sponsor disaster related activities. Some have
world-wide membership, like the International Monetary Fund (IMF) and some are national aid
organisations that fund programmes in the region. An example of that category is the Swedish
International Development Agency (SIDA). As well as those organisations in which
governments participate directly to provide aid, there are also organisations related to
governments whose mission d.oes not focus on providing aid-related funding. Examples are the
Organisation of Petroleum Exporting Countries (OPEC), and the United States Chamber of
Commerce. This section summarises the organisations related to sponsoring.
~

World Bank

The World Bank was funds development projects by lending money to member governments.
It works in more than 100 developing economies, bringing a mix of finance and ideas to
improve living standards and eliminate the worst forms of poverty. It works with government
agencies, non-governmental organisations, and the private sector to formulate assistance
strategies. These strategic plans identify areas for action and specify projects in the various
social and economic sectors. Sixty-seven local offices deliver the Bank's programme in
countries, liase with government and civil society and work to increase understanding of
development issues. World Bank develops country assistance strategies. 44
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~

International Monetary Fund (IMF)

The International Monetary Fund is a co-operative institution to maintain a stable system of
buying and selling the currencies of the participating 182 countries. IMF lends money to
members confronted with financial problems on condition that they undertake economic
reforms. It has no effective authority over the domestic economic policies but can persuade
members of the domestic and international benefits of adopting policies favoured by the
membership as a whole. 45
~

International Finance Corporation

The International Finance Corporation (previously the International Development Corporation)
was created to complete the action of the World Bank. Its mission is to promote private sector
investment in developing countries, which will reduce poverty and improve people's lives. It is
an autonomous organisation, but also a member of the World Bank Grou£. An example of their
activities is the initiation of the Mekong Project Development Facility.44• 6
~

National aid organisations

Many countries have national aid organisations that donate to the selected countries in all
phases of disaster management. Examples of such organisations are the Swedish International
Development Agency (SIDA) and the Canadian International Development Agency (CIDA).
Funding provided by these organisations can be either applied directly to projects in the
countries, or can be applied via UNDP. As an example, in 1997 when Cyclone Linda hit,
Vietnam received relief aid from Algeria, Australia, Austria, Belgium, Canada, China, Cuba,
Czech Republic, Denmark, France, Japan, Korea Republic, Libya, Luxembourg, Malaysia,
Netherlands, New Zealand, Norway, Russian Federation, Spain, Sweden, Switzerland, United
Kingdom and the United States. 47
~

Other organisations

In addition to the organisations described above, other organisations also provide funding.
Such organisations include those related to governments, but which mission is not related to
providing aid. Examples are OPEC and the United States Chambers of Commerce. In
addition, donations can be provided by foreign foundations or companies.
RELIEF ORGANISATIONS

Various organisations exist that address relief in the response phase of disasters. Nongovernmental organisations, such as the International Red Cross and Medecins Sans Frontiere
are especially the well known. Other organisations in thi~ category are the Mennonite Central
Committee, Catholic Relief Services, Bread for the World, Caritas Germany and International
Co-operation for Development and Solidarity.
Volunteers in Technical Assistance (VITA) is a not-for-profit private volunteer organisation
that has provided technical information to developing countries for 40 years through its
volunteer-based Inquiry Service. The organisation offers technical information on subjects to
improve the income, health, productivity, education and general quality of life.
"Approximately fifteen years ago, VITA began implementing long term development projects
as a means of converting information into action." 48 One of these long term development
programmes was in Thailand. They are involved in disaster management by providing
information and technical solutions to governments and organisations.
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4.4.3

REGIONAL

Regional organisations include the sub-organs of international organisations that operate on a
regional level. They also include entities that fund development and disaster management
efforts. In addition, several activities have been deployed by the selected countries, showing
the will to collaborate and share information.
In this section the regional organisations are divided into facilitating organisations, sponsor
related organisations, research, consultancy and training organisations and operational
organisations. A description of each of the categories is provided in the sections below.
FACILITATING ORGANISATIONS

The mission of facilitating organisations is to stimulate the co-operation and co-ordination
between countries.
These organisations facilitate co-operation by bringing together
representatives of countries on various levels. Examples are ministerial conferences and the
workshops on remote sensing. Among facilitating organisations two different types can be
recognised: organisations set up from an international level and organisations set up by
collaboration of the individual governments in the region. This section describes the two
organisations that are most relevant to disaster management in the selected countries.
~

UN Economic and Social Commission for Asia Pacific (ESCAP)

ESCAP works with national member governments to promote economic and social cooperation within the region. It has a number of sub-groups that facilitate the use of space
technology applications towards sustainable use of natural resources, environmental
management, disaster monitoring and land use mapping. The most relevant sub-group related
to disaster management is the Regional Space Applications Programme for Sustainable
Development (RESAP). It promotes information exchange and technology transfer among
participating countries under the mandates of its various sub-groups. 49 From a policy point of
view, ESCAP and its sub-organs promote use of space technology in planning and
development, pooling resources, crafting self reliance and facilitating technology transfer and
information exchange.
The ESCAP subgroups are the Intergovernmental Consultative Committee (ICC), the Space
Sciences and Technology Applications (SSTA), the Satellite Communication Applications
(SatCom), the Meteorological Satellite Applications and Natural Hazards Monitoring (MetSat),
the Remote Sensing, GIS and Satellite-based Positioning (RS GIS), and the Regional
Information Service and Education Network. 1
~

The Association of South East Asian Nations (ASEAN)

ASEAN promotes co-operation and co-ordination among its member countries to develop a
regional legal framework, such as the Free Trade Area project. However, for disaster
management, there is no such clearly formulated comprehensive legislation that promotes close
and effective co-operation and co-ordination between ASEAN countries.
SPONSORS
~

Asian Development Bank

The Asian Development Bank (ADB) is a multilateral development finance institution. It
currently has 57 members, of which 41 are from the region and 16 are from outside. Priority is
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given to regional, sub regional and national programmes and special attention is paid to the less
developed countries. The ADB: extends loans and equity investments for economic and social
development; provides technical assistance and advice in preparing and executing projects;
promotes and facilitates capital for development and helps to co-ordinate development policies
and plans.
In 1995 the bank added the protection of the environment to its objectives, thereby creating the
basis for its contribution to sustainable development in the region. In 1997, social and
environmental projects made up 61% of the total number of projects. 50
RESEARCH, CONSULTANCY AND TRAINING ORGANISATIONS

Various regional organisations related to disaster management are located at the Asian Institute
of Technology :n Bangkok. These organisations study new technologies and educational
methods in a case-based approach, and have gained a high level of knowledge on disaster
management. They provide advice to governments and educate people in using new
technologies and methods. It is the responsibility of governments to use these capabilities and
apply them at national level, addressing districts, local authorities and the education of the
people.
Examples of these organisations are: the Asian Centre for Research on Remote Sensing
(ACRoRS), which investigates remote sensing and GIS technologies for disaster management;
the GIS Application Centre (GAC), which provides training in the usage of these technologies
and the Asian Disaster Preparedness Centre (ADPC), which assists in the development of
communities' capabilities and policies through training, information and technical assistance
related to mitigating the impact of disasters.
The ADPC emphasises protecting life, property and the environment. On a policy level,
ADPC's main influence is through the consulting services they offer to all levels of
government, non-governmental organisations and international agencies. Their GIS system,
linked to water related databases, is part of the Mekong River Commission, discussed in the
next section. Partnerships are established with national government and non-government
agencies in Asia and the Pacific. 51 •52 •53
OPERATIONAL ORGANISATIONS

Operational organisations are involved in the execution of plans and policies. Some of these
organisations participate in disaster management, addressing either a single phase or several
phases, and other organisations that are involved in infrastructure improvement from an
economic point of view.
)o>

Mekong River Commission

The Mekong River Commission (MRC) was established by the selected countries, from several
forerunner organisations, in 1995. The MRC consists of three permanent bodies; the Council
(Minister/Cabinet level), the Joint Committee (head of department level) and the Secretariat
(the technical and administrative staff). MRC headquarters is located in Phnom Penh,
Cambodia.
The MRC's mission is "to promote and co-ordinate sustainable management and development
of water and related resources for the countries mutual benefit and the people's well-being by
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implementing strategic programmes and activities and providing scientific information and
policy advice. "54 It addresses issues such as irrigation, hydro-power, navigation, flood control,
fisheries, timber floating and recreation and tourism.
The MRC is expected to approve many projects and programmes, often funded by either the
UNDP or other western aid organisations. As part of their Databases and Information Systems
department, the Mekong River Commission has considerable GIS and modelling/simulation
capabilities. 55
~

Mekong Project Development Facility

The Mekong Project Development Facility (MPDF) provides companies with local and
international assistance in engineering and business development. It provides specialised
assistance to these companies via support to private sector managers with plans of expansion,
and to organisations that provide business support services to private companies. The MPDF is
able to draw on a vast network of professionals from many countries. Its activities include
feasibility studies and financial analysis; provision of technical and managerial assistance; and
promotion of partnerships between local firms/organisations and financial, technical and
commercial partners, either domestic or overseas. 46

4.4.4

NATIONAL

INTRODUCTION

Although international and regional organisations play a role, national governments are the
main vehicle for hazard/disaster management. Ideally, they have the resources, infrastructure,
information and organisation to co-ordinate tasks for all the phases of disaster management.
Resources, priorities and organisation have an enormous impact on how well a government can
perform these tasks and in which phases.
The government of a country plays different roles and has different challenges depending on
the phase of disaster management. In general terms, the preparedness phase has more of a
development tone than a disaster/hazard management one. Development, naturally, is a main
focus of the selected countries. It is more difficult to generate political will and support for an
initiative with a long term timeframe and non-immediate results. On the other hand, political
will for disaster management programmes is high in the response and early-recovery phases
because everyone is aware of the immediate problems. Sustaining such political will through
the long term recovery phase, which feeds back into preparedness, is a more difficult challenge
and a factor of scarce resources. It is understandable that a decision-maker faced with a choice
between a short term development project, which addresses a current problem and offers
tangible result~ in six months, and a management initiative for a hazard that may or may not
become a real problem would choose the more immediate project. The key is to market a
disaster management initiative by emphasising the wider benefits and multi-use development
aspects of the programme.
The legislative and legal structure the government works within also impacts its ability to
manage a disaster situation. For example, often the only type of state of emergency laws that
exists in the selected countries have to do with civil unrest. As a result, governments are
reluctant to invoke such laws for natural disasters, as the political cost can be high. A legal
mechanism that would allow mobilisation of disaster management efforts, including the
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important resources of the military, without provoking political difficulties would be a
logistical asset.
Education is also paramount, both education of government-level decision-makers on issues
dealing with disaster management and education of people at the grass roots level about how to
prepare for and respond to a disaster. Both levels of awareness are critical for effective disaster
management. While internal situations in the selected countries vary, there is room for
improvement, innovation and better awareness in all locations.
The level of availability of disaster management information centres differs considerably
among the countries as a consequence of their different political structures and recent history.
At least some form of GIS-based system is available in each of the four countries, but the
missions of the organisations that use them differ considerably. Accuracy in terms of
topography and infrastructure data, as well as how fast disaster-related data, like the water level
in a river, is communicated is a problem in all four countries. Sometimes information is not
available, available but outdated or not detailed enough.
The role of volunteer emergency and rescue organisations, distinct from NGO relief services
like the Red Cross/Crescent, should not be overlooked in the disaster management process.
They are especially important in those countries where the full-time, professional emergency
services are limited to major metropolitan or regional centres. Suitably trained and coordinated emergency volunteers can provide valuable support during disaster situations,
particularly at the village level and in rural areas. The training given to emergency volunteers
is an important part of community disaster education. Their knowledge can enhance general
community awareness about the need for disaster planning. They can also participate in and
even lead community disaster education programmes at the local level.
CAMBODIA

Until very recently, Cambodia's disaster management efforts have been confined to responses
to specific emergencies as they occur. Response efforts have not been co-ordinated on the
governmental level or on the part of NGOs involved. Requests for external assistance after
disasters was also ad hoc and confusing, with appeals to donors coming independently from
various official and unofficial agencies. The Cambodian government has taken significant
steps to formulate a systematic, harmonised strategy to improve disaster management across the
country. This includes a co-ordinated but flexible institutional structure under the National
Committee for disaster management (NCDM). 56
Even though the NCDM is a new organisation, it was able to respond to the 1996 floods and
other disasters. But it is still constrained by "lack of capacity to deal with major disasters,
specifically limited human resources, no disaster management facilities" and a lack of funds
and resources for various activities. 56
In Cambodia, disaster management activities are co-ordinated by the National Committee on
Disaster Management (NCDM). NDMC is then the primary user of disaster management
information. The member organisations of the NCDM are shown in Figure 4-5. The entities
co-operating with the Committee are shown in Appendix V.
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National Users Diagram of Cambod ia

National Commiuee for Di saster Management
(NCDM )

Minislry of Social Welfare,
labour and Veterans

Cambodia Red Cross and Secretary of
Stale, Woman's Affairs

Provincial and Municipal Commiuee for Dis aster Management

Figure 4-5 National User Diagram of Cambodia
Since 1994, Cambodia has possessed the Integrated Resource fuformation Centre (IR.IC) to
provide technical support in information management, through use of remote sensing and GIS,
to governmental agencies, non-governmental agencies and international organisations. UNDP,
European Commission, Belgium, and Finland sponsor this centre. Part of the project is to
create a disaster management information centre that collects topographic, infrastructure and
population related data and disseminates warning messages.
Remote sensing and GIS usage are relatively new in Cambodia. However, there are already
about thirteen separate remote sensing and GIS units established within or attached to
government ministries. For example, GIS facilities are used to model where mines are located
in Cambodia. Additional training, to using the new GIS technologies, and updated data are
10
both necessary.
There is no real internal base of volunteer emergency services in Cambodia. 57 See Appendix
VI.

LAo PEOPLE'S DEMOCRATIC REPUBLIC
Lao PDR has a very centralised government structure with a widely diverse set of ministries
and departments that deal with disaster management issues. One group, the National Steering
58
Committee for Flood Relief, was set up to co-ordinate efforts during the 1995 floods. It is
unclear if this committee still exists or not; apparently there are no definitive conditions or
mechanisms to trigger the committee. 59 Government disaster management efforts in the past
have included welfare, replacement seeds and livestock to flood victims (response/relief) and
building flood protection dikes (preparedness). The current government strategy is: to expand
disaster units to all levels of government, create a legal framework to regulate rights and
responsibilities in the event of a disaster, improve the communications infrastructure and
upgrade equipment, establish a welfare fund for victims and provide enough funds for research
and·waming systems. 60
At this time, most regular development activities, including those with a disaster management
facet, are donor driven and donors assume the majority of the responsibility for implementing
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projects they fund. 61 Because the impetus comes from outside the central government the
efforts are not co-ordinated.
In Lao PDR, there are several proposed programmes. The Lao Red Cross Disaster
Preparedness Programme is an initiative to establish a volunteer, community based disaster
response capacity at the provincial level. The programme would focus on raising awareness,
disseminating information and training volunteers. A Flood W aming Information Management
Consultancy, through the Department of Irrigation, would build on a previous information
collection system. This programme would be financed by Australian Agency for International
Development (AusAID). A National Disaster Preparedness Framework is planned to
strengthen the capacity of the Ministry of Labour and Social Welfare to lead the mobilisation of
government and NGOs in the event of a disaster. This effort would be funded by UNDP.
Though proposed in 1996, as ofmid-1997 no progress had been made.
Lao PDR has relatively young sets of organisations in almost all aspects of government. The
new ministries reflect their priorities. Therefore, disaster management responsibilities are still
vaguely allocated in several ministries. The primary users in Laos are the disaster management
organisations of Laos, which consists of: Prime Minister, Department of Cabinet, Department
of Technology Development and Promotion, Department of Intellectual Property
Standardisation and Metrology, Department of Environment Development and Quality
Promotion, Department of Environment of environment policy and Management, Department
of Personal, Institute of scientific and Research (STENO) and branches of STENO at the
provincial levels.
The member organisations of the committee are shown m Figure 4-6.
organisation can be found in Appendix V.

The roles of each
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There is little information available on voluntary services in Lao PDR. Based on what is
available, there does not appear to be an emergency volunteer base.
THAILAND

With the rapid development of Thailand, many new bodies have been established that address
disaster management. Thailand has a very complex organisational and legal structure for
disaster management; it involves 34 laws, a minimum of 9 ministries, 20 departments and 10
committees. Consequently, there is a considerable overlap in disaster management efforts, as
the functions of existing bodies have not been rationalised. With such complex structures,
control and co-ordination of activities of the individual bodies is extremely difficult. In
addition, co-operation between the bodies is hampered by the complexity of the organisational
structure. 59
There is no single primary user as can be seen in Figure 4-7. The roles for each organisation
can be found in Appendix V.
National Users Diagram of Thailand
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The Civil Defrnce Act of 1979 is the legal framewmk for the implementation of disaster
management measures. This Act asks the functional agencies to make their own disaster
management plan. The master disaster management plan, which is part of the national civil
defence plan, consists of three parts. The first concerns the organisation of all types of disaster
management within the government, including objectives, responsibilities, organisation and coordination. The second concerns disaster management processes for disasters such as floods,
droughts, and storms. The third part defin~s disaster management pr:ocesses for national
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security issues like terrorism. The Act of 1979, the national civil defence plan, categorised the
disaster-concerned organisations into three kinds:
~

Policy Level, the disaster management policy involve accidental emergency, natural and
man-made disasters, and national security.

~

Policy Implementation Level, the Office of Civil Defence Secretariat (OCDS) is
responsible for implementing disaster management measures and policies.

~

Operational Level has three levels of intervention:
•

an emergency unit, which stands in the risk area; a main unit which responds to
disasters that are beyond the ability of emergency unit;

•

a supportive unit which provides manpower, rescue equipment and tools; and

•

technical assistance unit according to the request of the emergency or main units.

Although Thailand has the legal framework for setting up disaster management systems and
agencies, there are still problems to access national and local warning systems, national coordinating bodies, and mitigation plans.
At a national level, Thailand does not possess an operational disaster management information
centre that regularly receives measurements, analyses their implications using GIS , and then
disseminates a message to the responsible national committee for emergency situations, the
National Civil Defence Centre. At the Asian Institute of Technology (AIT), a regional
education facility, the necessary capacity exists in terms of GIS and knowledge. However, the
mission statements of the different centres at AIT do not address the provision of mitigation
and early warning information to the NCDC.
Within Thailand, there is no leading organisation with national responsibility for the planning,
design, construction, operation and maintenance of flood control activities and infrastructure.
Organisations related to flood control include the Royal Irrigation Department (Ministry of
Agriculture and Co-operatives) for river sections which run through agricultural land, the
Public Works Department (Ministry of Interior) for urban drainage except Bangkok region and
the Meteorological Department (Ministry of Transport and Communications) for flood
forecasting and warning. The Bangkok Metropolitan Administration is responsible for the
drainage and flood control of the Bangkok area.
At district level, a Safety Council has been set up to handle emergencies. The Thai government
has conducted education and training programmes for local authorities in disaster preparedness
and mitigation. They have also set up a meteorological network in co-operation with Denmark.
Floo.d and landslide risk maps are currently produced and a flood-modelling programme is
being implemented for southern and north-eastern areas.
Thailand has had a long history of disaster management. "His, Majesty King Phranangklao
(Rama III) in 1831 commissioned officials to install stone pillars at the city canal in front of the
ancient palace of Ayutthay Kingdom for the purpose of water level r...1onitoring. "62 Following
in this tradition, the King of Thailand His Majesty King Bhumibol Adulyadej has initiated the
Flood Management and Mitigation Project. This project is based on six principles: uphill water
retention, control of water flow, implementation of the Gam Ling Project, draining of water,
construction of water passages and preservation of forests and watershed areas .
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Apart from the existing organisations mentioned above, the Thai king also plays an important
role in all phases of disaster management in Thailand. The King has a ground station receiving
data from weather satellites (NOAA and OMS) in the palace, which provides information on
hazard prediction and general warning to the public. After a disaster, such as flooding, occurs
the King uses remote sensing information from satellites such as Landsat, MOS, IRS, JERS and
ERS, which are available on request from the National Research Council of Thailand. The
King has also founded the "Chaipatana Foundation" which concentrates on research and
development. This foundation is sponsored by the King, the Thai people and various foreign
organisations. The foundation also provides help for those affected during and after a disaster.
Of particular interest to Bangkok is the Gam Ling Project (monkey cheeks project) which aims
to divert surplus water from the centre of Bangkok by creating two reservoirs on opposite sides
of Bangkok. 63
In Thailand, there are volunteer rescue groups, supported by charitable organisations in the
Chinese and Thai communities. 64 These groups are funded by their respective charities and
include among their activities rescue at road accidents, house fires, as well as rescue and other
assistance to the police and official emergency services in the event of disaster. They are
composed of people from all walks of life, from civil servants and off-duty police and soldiers,
to students and trades people. Anecdotal evidence 65 suggests that these volunteer services
frequently have a faster response time in emergency situations than the police and fire services.
Volunteers are mobilised by designated group members, usually at a base station or
headquarters. These designated members monitor the emergency radio frequencies and use
mobile phones or walkie-talkies to call out the volunteer~ when news of an emergency situation
is received. Each group is equipped with at least one vehicle, which can fulfil the multiple
roles of personnel transport, ambulance, rescue truck and fire engine.
Although volunteer rescue groups can be found in many towns and regions throughout
Thailand, there is no overall co-ordination between these groups and no government support or
assistance for their activities. As a consequence, the level of training and equipment varies
across the country.
VIETNAM

There is relatively good governmental recognition of the importance of, and process for,
mitigating water-related disasters and how it relates to other Vietnamese government priorities
like development. Significant work has been done to rationalise disaster management efforts in
Vietnam by strengthening the relationships of ministerial representatives to the Central
Committee for Flood and Storm Control and the Vietnam National Committee for the
International Decade for Natural Disaster Reduction. This reduces duplication of efforts and
maximises scarce resources. The Department of Dyke Management, Flood Control and Storm
Preparedness is also an experienced leader in mitigating water disasters. The State Planning
Committee's endorsement of these co-ordination efforts as a facet of the development priorities
of the government is extremely encouraging. 59
Efforts of provincial-level government departments were key to mobilising disaster response
efforts in 1997. However, extreme flooding and storms still cut off some areas, leaving them
without assistance. 66
Vietnam, like many other countries, has very centralised medical care options. Urban areas are
relatively well serviced for health care. Rural health care, especially emergency health
resources, are scarce. As part of the Vietnam National Red Cross (VNRC) Disaster
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Preparedness Program, 29 disaster preparedness centres were fully operational or under
construction in 1997. These centres not onl~ improve disaster mitigation efforts but help access
to health services on a wider scale as well. 7 The Disaster Management structure and the role
of each department are given in Appendix V.
The Vietnamese government has established the Data Management Unit (DMU) in cooperation with UNDP. The DMU supplies information to the national disaster committee, the
Central Committee for Flood and Stream Control (CCFSC). The DMU covers extensive GIS,
modelling and simulation capability and can provide the Vietnamese government with risk area
maps and situation maps. The DMU also established the National Disaster Management
Training Team, a group trained to pass on disaster management skills. They have produced
three volumes oi training materials in local language. The DMU also gives public access for
individuals and organisations seeking information about water disaster mitigation. As of 1997,
there was a proposal that the DMU be upgraded from a unit to a programme, with wider
initiatives and projects. 59
DMU possesses a GIS system that can produce hazard maps, identify risk areas and clarify how
best to respond to or lessen the risk of disaster. The DMU GIS system provides a user friendly
graphical presentation of information to support decision-makers. The network used by DMU,
called DMUnet, guarantees continuous contact to the government and all district stations. The
World Wide Web connection, DMUweb, is used to publish information to the world. The
DMU was funded by the government of Vietnam and UNDP. Donations also carne from the
Red Cross, ECHO and British Petroleum. Plans are being implemented to raise awareness of
flooding risk. Work is also being done to improve infrastructure like dykes and pumps.
The Vietnam Red Cross Society has taken the initiative in developing an extensive emergency
volunteer network. "Shock Brigades" of youth volunteers, over the age of 16, receive extensive
training in disaster preparedness and are on-call within their local community in the event of a
disaster. There are 4,000 of these groups throughout Vietnam, each with approximately 20 to
50 members. In 1996 there were an estimated 126,000 young people involved in this
programme as volunteers. The Red Cross specifically attaches one Shock Brigade to each of
the 40 Disaster Preparedness Centres run across the country. 68
In addition to training the Shock Brigade volunteers, the Vietnamese Red Cross also annually
trains around 1,000 staff and society members in disaster preparedness, first aid and emergency
relief. These trained individuals in tum assist in disaster awareness and preparedness training
programmes at the community level. It is estimated that 15,000 people in most provinces have
benefited from this training. 61

4.5

SUMMARY

The essential elements for disaster management already exist in the selected countries. There is
some infrastruct1Jre in place but better access and co-ordination is necessary. The selected
countries have very different political structures and levels of development, which complicates
disaster management efforts.
This chapter summarised the current situation in Cambodia, Lao PDR, Thailand and Vietnam.
The next chapter will identify gaps.
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5

GAPS IN CURRENT FLOOD
MANAGEMENT SYSTEMS
Mind the gap!
Anonymous Voice- London Underground

5. 1

INTRODUCTION

Chapter 3 detailed the requirements of an ideal flood management system. The details of
existing technologies and organisations followed in chapter 4. This chapter takes the
requirements and compares them to the current situation and then identifies gaps.
5 . 1. 1

TERMINOLOGY

The terminology for gaps within the present flood management situation is shown in Figure
5-l. The user needs, which define the system requirements, are presently being partially
fulfilled by the existing flood management systems (A and B). User needs, which are
unsatisfied at present are gaps. Satisfaction of one user need by several existing systems leads
to redundancy. This redundancy is referred to as an overlap. The less overlap there is, the
more efficient the flood management scenario. However, the primary aim of this chapter is to
identify the present gaps in flood management in Cambodia, Laos, Thailand and Vietnam.
With regards to overlaps, SEADS focuses on avoiding introduction of new overlaps but not on
the identification of those that are already present.

System A

Overlap

User Needs
(system requirements)
Figure 5-1 Terminology fo r Present Situation
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Figure 5-2 illustrates an improved situation. SEADS aims at building off of existing systems,
fulfilling unsatisfied user needs and avoiding possible overlaps with existing systems.
Constraints, such as funding limitations, technological limitations, legal issues and human
resources, will limit the scope of this programme. As a result, in order to be realistic, only
certain gaps are addressed. The unsatisfied user needs will remain as gaps.

Overlap
Gaps

User Needs
(system requirements)

proposed system

Figure 5-2 Terminology for the Proposed Situation

After explaining the gap identification process in section 5.1.1, section 5.2 gives a list of the
identified gaps, categorised into technological, legal and policy, social and educational, and
financial. Section 5.3 explains the correla6on between the stated system requirements in
chapter 3 and the identified gaps. Finally, section 5.4 lists the identified gaps by country,
followed by section 5.5, which summarises the most important results.
5. 1.2

METHODOLOGY OF GAP IDENTIFICATION

There are two methods used for identification of existing gaps. Both methods search for system
requirements that are not being fulfilled by any of the existing flood management systems thus
leading to gaps. The first method of analysis was to perform a Requirement Traceability
Matrix (RTM), as is shown in the Appendices XII and XIII. The second method was an
analysis of flood management literature and of private communications with flood management
experts.

5.2

GAPS: LIST AND PRIORITISATION

The following gaps are categorised into four classes, technological, legal and policy,
educational and awareness, and financial, see Table 5-1 to Table 5-4. Each gap is listed with its
resulting consequences. The more severe the consequence, the higher the priority that was
assigned to that gap. Priority was scaled as high, medium, or low.
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5.2. 1

TECHNOLOGICAL

The technological gaps are subdivided into four subclasses, namely into sensing (SEN),
Telecommunication (COM), structural measures (SM), and data handling and processing (GIS).
Table 5-1 Technological Gaps and Priorities
GAP NO.

GAP

Subclass

PRIORITY

Tl

COM

Telecommunication networks

HIGH

T2

COM
SEN

Flood warning systems

HIGH

T3

COM

Integration

T4

SEN

Topographic maps

HIGH

T5

SEN

Digital elevation maps

HIGH

T6

GIS
SEN

National hazard and risk assessment
maps

HIGH

T7

COM
SM

Typhoon rated standards, design and
construction techniques

MEDIUM

T8

GIS

Command and control workstations

MEDIUM

T9

GIS

Flood management application
modules

MEDIUM

TlO

SEN

Large-scale flood sensing

MEDIUM

Tll

SEN

Precipitation measurement accuracy

MEDIUM

MEDIUM

Tl. GAP: Every selected country has gaps in the presence, function and/or performance of the
five elements in telecommunications networks. 1•2·3.4·5 •6
The elements of a
telecommunication network are transmitters, receivers, equipment, media, and protocols.
Vietnam, for example, lacks data, voice communications between all 50 of its provinces
and 3 municipalities and their Central Committee for Flood and Storm Control (CCFSC). 5
The telephone-, television-, radio-, and Internet access densities in all four countries are
insufficient for flood management. 6 In Thailand, there is a lack of disaster warning devices
(sirens).7
CONSEQUENCES: Slow and inefficient dissemination of warning signal and disaster
likelihood indication, reduced training opportunities, difficult access to public education,
ineffective disaster management administrative and operation!l! information flow. When
dealing with high-resolution images and maps, a slow data transfer limits the real-time
response capability of the flood management system.

T2. GAP: Flood-warning systems are often unreliable, out of date and the procedures for
issuing warnings suffer from a lack of modem communication technology.'·
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CONSEQUENCE: Unreliable flood warning systems directly correlate to more frequent
and expensive rescue attempts as well as more injuries, deaths and property damage.
T3. GAP: There is little integration through standardisation (hazard and disaster ratings,
warning signals), 9 co-ordination (e.g., through Local Area Networks) and common
technological solutions.10

CONSEQUENCE: Reduced effectiveness of communication with regard to basic disasterrelated information between districts, provinces, and countries leading to delays in decision
cycle times.

Preface to gaps T4-T6: Detailed maps support government decision makers to develop
national flood control, response strategies and plans. Until these maps are available and
regularly updated, inefficiencies in benefits of flood control projects at the provincial and
district levels will likely continue. Once the 'big picture' is conveyed using these maps, then
trained government disaster and development officials can make more informed long term
decisions.
T4. GAP: Need for improvement of topographic maps. For example, the last Thailand-wide
topographic coverage was done in the 1960s.9 •10•1

CONSEQUENCE: Accurate topographic maps form the basis for effective decision
making during all flood phases, for example as input to simulations, for planning of
structural measures, co-ordination of rescue, and long term recovery activities. Without
updated maps, the success of flood management work is limited.
T5. GAP: Lack of accurate digital elevation maps (DEM). 9•10•11

CONSEQUENCE: Digital elevation maps are essential inputs to flood simulations. Flood
simulations are an important part of understanding the dynamic behaviour of floods. Such
understanding increases the ability to predict flood prone areas as well as the area-specific
flood damage to be expected. DEMs therefore assist with the creation of risk and hazard
maps. Moreover, the understanding of flood dynamics drives the application of structural
measures such as drainage system design, embankment design, and placement of pumping
stations.
T6. GAP: Lack of accurate national hazard and risk assessment maps. 10•11

CONSEQUENCE: Hazard and risk maps visualise hazard prone regions, which is helpful
for creating public awareness which itself is important for minimising damage, for
optimising disaster response and for funding. Hazard and risk maps allow governments to
prioritise available resources towards the most hazard-prone regions. They minimise
redundancy and maximise efficiency through the identification of regions with similar
hazards. This allows application of well-established flood management systems.
T7. GAP: Lack of typhoon-rated standards with regard to design and construction. 12

CONSEQUENCE: The absence of standardised typhoon ratings adds complexity and
confusion at all levels of government, industry and individual property owners if these
people subscribe to diverse sources for the same information. Ignoring enforcement issues,
the property insurance industry suffers financially from the inconsistency of standard
76
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design and construction practices as they set their premiums and rates. They want to
increase the number of policyholders with low prices but avoid high-risk properties. For
example, the cost to track and train assessors on several practices and standards adds costs
to insurance services and either prices their service out of the customers' means or deters
market expansion.
T8. GAP: Command and control workstations (GIS) need to be developed to integrate all
information from space-based, airborne and ground sensors. 13

CONSEQUENCE: In times of multiple regional disasters occurring or back-to-back
disasters, emergency management resources often reach their production limits. Therefore,
prioritising resource allocation, for example sensor tasking to environmental control
settings, is essential to minimise damage. By deploying disaster response units en masse,
more lives :md property can be saved on average across simultaneous disasters.
T9. GAP: Need to develop flood management application modules for specific disaster
situations. 13

CONSEQUENCE: It is one thing to have .the ability to gather data, another to generate
and store information. It is yet a third to query the resulting databases to get what you need
with minimal effort, for example through visual filtering. The value of the information
management system depends on usage and content. As more groups involved in flood
management from districts to countries interconnect to the proposed network, its value
increases significantly. Commercially available software applications to query disasterrelated databases will motivate groups to interconnect. The network expansion will not
reach its true growth potential unless software applications are developed as intelligent
agents for specialised groups in disaster management.
TlO.GAP: No sensing capabilities of flooding during night and or times of cloud coverage over
a large area.
CONSEQUENCE: This means there is inadequate assessment of the flood's extent.
Therefore, leading to less efficient co-ordination of rescue and relief operations.
Tll.GAP: Inaccurate precipitation detection during mitigation and response phase due to low
temporal resolution of radar satellites and area coverage of ground based radar.
CONSEQUENCE: Precipitation can not be detected accurately enough in time and
coverage. Flood prediction will be less accurate.
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5.2.2

LEGAL AND POLICY

Table 5-2: Legal and Policy Gaps and Priorities
GAP NO.

GAP

PRIORITY

Ll

Communication and work coordination between governments

HIGH

L2

Flow and exchange of data between
organisations

IDGH

L3

Communication between research and
governmental institutions

IDGH

lA

No documented flood management
plans

IDGH

L5

Precise and comprehensive legislation

IDGH

L6

Enforcement of legal issues

IDGH

L7

Research and development capacities
on typhoons

MEDIUM

L8

Separation of national security and
disaster management

MEDIUM

Ll. GAP: Communication and work co-ordination between governments.9•10
CONSEQUENCE: A gap in the flow of disaster related information and the lack of
systematic and structured sharing or 'linking' of data between countries has major
consequences. An evident gap is where the governments of neighbouring countries are
faced with the same problems at the same time. Gap Ll and Gap L2 are interrelated, for
example improvements in Ll will help L2 and vice versa. The UN ESCAP is one example
of the high level resources being devoted to this need.
L2. GAP: Flow and exchange of data could be improved among and between specialised
organisations and national organisations and ministries. An example of specialised
organisations in Thailand are: ACRoRS, ADPC and UNEP, which all have their own GIS
systems. Based on visits and interviews, it was found that the exchange of data could be
·
improved at least among these organisations. 9•10
CONSEQUENCE: Response time is not as fast as it could be. Potential flood disasters
and related public information does not reach the entire public in a timely and efficient
manner. Inefficient flow of information hampers the function of flood management,
increasing the risk of loss of life and property damage.
L3. GAP: Communication between research institutions and governmental or public
organisations could be improved.9 •10
CONSEQUENCE: Quantitatively and qualitatively poor communication between research
institutions and the public sector result in misunderstandings, duplication of effort, and
consequently a waste of funding resources on all.
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L4. GAP: Documented national flood management plans do not exist either on national,
provincial or local levels. 14 For example, there is a lack of legislation for urban planning
and practices.

CONSEQUENCE: Land-management authorities lack the ultimate power to enforce
appropriate land-care practices and to specify matters such as minimum floor levels and
structural requirements for houses in disaster-prone areas. 8 If the authorities do not enforce
'best practices' then property damage losses will continue to be high as population density
increases. Furthermore, the reconstruction and rehabilitation costs will remain high.
Debris removal operations are timely with significant destruction. The property insurance
industry suffers from large outlays for structures they thought were built to flood damage
mitigation regulations and policies. There is also a lack of national capacity to do research
and development on typhoon and flood related design and constructions. 1
L5. GAP: At the international and national levels there is a lack of precise and comprehensive
legislation to provide the international or national policy framework for natural disaster
management systems. 15' 16
.

CONSEQUENCE: Little or no documented disaster management plans exist on
international, national, provincial or local levels. Inadequate provisions in legal framework
have been identified for community participation in planning, decision making and
management. 17•18 Furthermore, this leads to a lack of provincial and district capacities to
plan for and respond to natural disasters based on site-specific criteria. 1 In summary, there
is a need for relevant policies and legislation to reduce the damage done by disasters.
L6. GAP: Lack of enforcement of legal issues dealing with the relationship between disaster
management and environmental issues, such as deforestation. 10

CONSEQUENCE: Legislation is useless if there is no enforcement. Degradation of the
environment aggravates the frequency and severity of flooding.
L7. GAP: Lac!\: of national capacity to do research and development on typhoon and flood
related design and construction. 1

CONSEQUENCE: Reduced flood management capabilities, such as forecasting, damage
prediction and therefore preparedness in general.
L8. GAP: Lack of separation between national security and disaster management issues. 19

CONSEQUENCE: Disaster management support gets hampered by national security
concerns, making disaster management less efficient and reducing the success in achieving
the mission objectives of saving lives and property.
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5.2.3

EDUCATIONAL AND AWARENESS

Table 5-3 Educational and Awareness Gaps and Priorities
GAP NO.

GAP

PRIORITY

El

Flood awareness

HIGH

E2

Understanding of disaster warning
signals

HIGH

E3

Provincial and district capacities for
education

MEDIUM

E4

Disaster education and awareness
programme materials

HIGH

E5

Training of disaster management
system operators

HIGH

E6

Training tools

HIGH

E7

Education programmes for building
industry

MEDIUM

E8

Continuing education

MEDIUM

E9

Latest instruments, equipment,
technical journals

MEDIUM

EIO

Use of trained staff

HIGH

El. GAP: Lack of awareness of basic information about flood hazards by the
beneficiary,8•9•11 •20•21 •22•23 especially the inter-connection between a disaster and
environmental issues.
CONSEQUENCE: All phases of flood management are not as efficient as possible. Lack
of awareness results in increased risk of life and loss of property, damaging the economic
success of the country. Large-scale deforestation and inappropriate farming practices
continue, particularly the cultivation of marginal lands, without soil conservation measures
and adequate watershed management. This will continue to lead to increased frequency
and magnitude of floods.

E2. GAP: Lack of understanding of the disaster warning signals by the beneficiary. 2 1
CONSEQUENCE: Mitigation efforts will be inefficient, for example a warning signal of a
flood should allow the beneficiary to immediately perform certain duties such as
evacuation to a pre-determined safe area.

E3. GAP: Need for improvement of provincial and district capacities to deliver grassroots
education in disaster awareness and response to all school children and their families. 12
CONSEQUENCE: Small training capacities slow the training process, inefficient
education processes result in less awareness.
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E4. GAP: Lack of quality and tailored disaster education and awareness programme materials
for broadcasters and educators. This includes a need for more disaster management World
Wide Web sites in local Asian languages available for the citizens with Internet access.
CONSEQUENCE: Education of the beneficiaries with regards to disaster will continue to
be low. The lack of Web sites with native language support limits the disaster education
available to beneficiaries speaking only their local language. Moreover, it limits the
information available to flood management personnel.
E5. GAP: Need for improvement of training of disaster management system operators 21 •24•25
such as personnel involved in remote sensing26 , assessment of water damage, 1 assessment
of requirements for emergency relief! and rescue and relief agencies. 21
CONSEQUENCE: Inefficient use of remote sensing data leads to the incomplete forecast
of land areas that will be affected by a progressing flood. This in tum will lead to
incomplete and inaccurate warnings to the beneficiaries. Water damage assessment helps
to decide which areas need immediate assistance and the areas in which help may be
postponed. During a disaster, due to limited resources, relief must be prioritised so that the
affected people needing immediate help are assisted first. After a disaster, the rescue and
relief agencies are important to minimise loss of life and to help the affected people.
E6. GAP: Lack of training tools, for example, insufficient training materials in local
languages, lack of on-the-job training. 25
CONSEQUENCE: Quality of training will decrease. On-the-job training leads to a better
understanding and awareness of the intricacies of their job.
E7. GAP: Lack of education programmes incorporating flood issues in all levels of the
building industry ranging from architects and structural engineers to construction
workers. 12
CONSEQUENCE: Construction of buildings and traffic infrastructure, which does not
withstand the impact of floods, increase the risk of loss of life and property damage.
E8. GAP: Need for more educational programmes and work experience for continuing
education. 25
CONSEQUENCE: Continuous improvement in expertise by further study or work is
important to keep abreast of new methods such as technological improvements and policy
and legal changes. Lack of this type of training leads to out of date inefficient methods
being applied to current situations.
E9. GAP: Lack of latest instruments, equipment and relevant technical journals. 25
CONSEQUENCE: The latest instruments and equipment have improved capabilities.
Therefore using out of date instruments and equipment is not as efficient as it could be.
This will lead to increased costs.
ElO.GAP: Inefficient use of trained staff. 25
CONSEQUENCE: There will be an over concentration of staff in one field and
geographical area and an under representation in another, leading to overlaps and gaps.
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5.2.4

FINANCIAL

The financial subsection includes the subclasses of marketing (MAR), expenditures (EXP), and
funding (FUN). Funding is often considered a constraint however, localisation of new funding
sources can be considered as a gap.
Table 5-4 Financial Gaps and Priorities
GAP NO.

Subclass

GAP

PRIORITY

Fl

MAR

Marketing of flood management
projects

MEDIUM

F2

MAR

Survey of world wide possible funding
sources

MEDIUM

F3

MAR

Disaster management market size for
space technology

MEDIUM

F4

EXP

Low cost satellite images

HIGH

F5

FUN

Funding in general

HIGH

F6

FUN

Funding for education and training

HIGH

F7

FUN

Private sector funding

HIGH

Fl. GAP: Need for effective marketing of flood management projects and their proposals.

CONSEQUENCE: Low awareness of the close inter-relationship between disaster
management and national development. At present, governments are not convinced about
flood management systems being cost beneficial, which leads to gap F2.
F2. GAP: No survey on world wide possible funding sources for South East Asian disaster
management. 27

CONSEQUENCE: Such an estimate could reveal a danger of funding dilution and could
help invest available funding more effectively.
F3. GAP: Substantial lack in estimates of the potential stze of the disaster management
markets for space sy~tems, data and services. 13

CONSEQUENCE: The space sector and information systems sector, are relatively
unaware of the potential in this market. Also leads to a lack of private sector interest in
disaster management. 1•his, however, could mean opportunity for early entries to this
market.
F4. GAP: Lack of low-cost satellite images.

CONSEQUENCE: Data not widely used. Limits everything that involves satellite
images. UNISPACE III recommended a cost-free availability of satellite imagery to
countries affected by disasters.
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F5. GAP: Lack of funding in general and specifically for technology-driven projects.

CONSEQUENCE: Limitations in functionality, sophistication and size of the proposed
project. Less efficient flood management solutions are less capable of satisfying the
mission objectives.
F6. GAP: Lack of funding for training and education. 8•22·24 •25

CONSEQUENCE: Education and training for individuals could be undertaken on a much
larger scale. The situation, as it stands, has led to less than optimal awareness of disasters
and a lack of trained personnel.
F7. GAP: Small effort in localisation of funding sources in the private market sector.

CONSEQUENCE: The private sector could, as in the example of British Petroleum's
(BP) investment into Vietnam's disaster management system, attribute a substantial
financial help to the various national disaster management systems. Consequently better
educational, training and awareness programmes as well as modem technology, such as
higher capacity information technology network systems could be afforded.

5.3

SYSTEM REQUIREMENT .. GAP CORRELATION

Appendix IX summarises the dependencies between the gaps from the previous sections to the
various system requirements from chapter 3. In each matrix, a row represents a system
requirement and the columns are identified gaps in each of the categories listed above. If a
requirement relates to an identified gap in some way, the appropriate cell is marked with 'X'.
The type or strength of the dependency is not shown in the matrices. Marked cells in each
matrix present strong and weak relationships, or direct and indirect dependencies. One possible
interpretation is that a system requirement is presently not fulfilled and therefore contributes to
a gap.

5.4

GAPS BY COUNTRY

Table 5-5 to Table 5-8 show the correlation between the identified gaps and the countries
considered in this report. Empty fields mean that no gap has been identified however, it is
impossible to categorically state that no gap exists.
Table 5-5 Technological Gaps versus Countries

Tl T2 T3 T4 T5 T6 T7 T8 T9 TlO Tll
Cambodia

G

G

G

G

G

G

G

G

G

Laos

G

G

G

G

G

G

G

G

G

Thailand

G

G

G

G

Vietnam

G

G

G

G

G

G

G

G

G

G
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Table 5-6 Legal and Policy Gaps versus Countries

L5

lA

L6

Ll

L2

Cambodia

G

G

G.

G

Laos

G

G

G

G

Thailand

G

G

G

G

Vietnam

G

G

G

G

L3

G

G

L7

L8

G
G

Table 5-7 Educational and Awareness Gaps versus Countries

El E2 E3 E4 E5 E6 E7 E8 E9 EIO
Cambodia

G

G

G

G

G

G

G

G

Laos

G

G

G

G

G

G

G

G

Thailand

G

G

G

G

G

G

G

G

Vietnam

G

G

G

G

G

G

G

G

G

G

Table 5-8 Financial Gaps versus Countries

5.5

Fl

F2

F3

F4

F5

F6

Cambodia

G

G

G

G

G

G

Laos

G

G

G

G

G

G

Thailand

G

G

G

G

G

Vietnam

G

G

G

G

G

G

F7

G
G

CONCLUSIONS

If we assume the given financing issues within Cambodia, Laos, Thailand and Vietnam are
given constraints, 17 of the gaps have high priority, 13 of which are identified to exist in all of
the four countries. Prioritisation of all gaps, the number of countries revealing a gap and our
own judgement led to a choice of nine gaps being of particular importance. Seven of these nine
have been identified as being valid for all four countries. The number code of each of these
gaps is added in brackets.
~

Insufficient presence, function, or performance of the five elements in telecommunications
networks- transmitters, receivers, equipment, media, and protocols.(Tl)

~

Unreliable and out of date communications for flood-warning systems and procedures for
issuing wamings.(T2)

~

Lack of accurate digital elevation maps.(T5)

~

Lack of accurate national hazard, and risk assessment maps.(T6)

~

Lack of communication and work co-ordination between govemments.(Ll)
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~

Insufficient flow and exchange of data between and among specialised organisations and
national organisations and ministries.(L2)

~

No existence of documented national flood management plans on the national, provincial or
locallevels.(LA)

~

Lack of awareness of the nature and risk of floods by the beneficiary, especially the interconnection between a disaster and environmental issues.(E1)

~

Need for improvement of training of disaster management system operators such as
personnel involved in remote sensing, assessment of water damage, assessment of
requirements for emergency relief, and rescue and relief agencies.(E5)

Solutions to all the identified gaps will be proposed in the following chapter. Special emphasis
will be given to the nine gaps above.
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6 SOLUTIONS TO THE GAPS
If you are not part of the solution, you are part of the problem...
Eldridge Cleaver

6. 1

INTRODUCTION

Significant accomplishments have been made in Cambodia, Lao PDR, Thailand and Vietnam
with respect to disaster management (DM) organisations, systems and infrastructure. It is
evident from the attention and resources that are being employed by these countries, and other
international agencies and sponsors, that there is an appreciation not only for disaster
management systems, but also their use as valuable tools for sustainable national and regional
development. The national systems are at various levels of development. Increased stress
caused by population growth, deforestation and increased frequency of natural disasters
necessitates augmentation of the current systems to achieve their stated objectives.
The previous chapters have investigated and analysed existing and planned disaster
management organisations, systems, and infrastructure (chapter 4), and offered comparisons to
an idealised disaster management system to identify opportunities for improvement (chapter 5).
This chapter provides the reader with possible solutions that could be implemented by the
selected countries in the short, medium and long term to meet the ever-growing needs of the
region.
In this report short term timeframes are from now through 2 years. Mid term timeframes are
from 2 to 5 years. Consequently solutions falling within the 2005 official scope of the project
are therefore short or medium term solutions. A long term timeframes are 5 to 10 years and
cover solutions beyond the official time scope of the project.
The chapter initially explores the sensing technologies employed in a disaster management
system. This is followed by exploring the means, or infrastructure, by which the sensing and
other relevant information flows through the whole disaster management system during the four
phases of disasters. The chapter then addresses issues related to GIS and data product. With
this framework in place, policy and legal issues surrounding disaster management in these
countries are portrayed. Complete and effective disaster management solutions require
education and public awareness and this is addressed next. This is followed by a few out of the
box, or unconventional, solutions.
Finally, the chapter concludes by addressing the priority gaps identified in chapter 5. A
requirement correlation matrix demonstrates how a selected set of solutions can address these
gaps. It also shows how the gaps and solutions interrelate and build upon one and another.
Additionally a few words address the progressive implementation of the SEADS programme.
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6.2

TECHNOLOGICAL SOLUTIONS

Technology gaps were identified in chapter 5 for the sele~ted countries. After some analysis,
these gaps could be broken down into specific categories relating to sensing, communications,
and GIS and data products. Within the following three sections, the solutions presented will
treat each category of technology gap and address it individually. Prior to addressing each
category of gap in detail, this section summarises the overall correlation of the technology gaps
with respect to the solutions (Table 6-1). In addition to this, a brief summary table of the
specific categories of gaps and their respective solutions will start the detailed solution section.
This will be repeated for all categories, sensing, communications, and GIS and data products.
Table 6-1 Matrix ofTechnological Gaps & Solutions
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6.3

TECHNOLOGICAL SENSING SOLUTIONS

This section addresses possible solutions for sensing instruments, new technologies and
systems that will enable data collection on flood monitoring. Sensing can be achieved through
various platforms such as ground, air and space. This chapter will aim to address solutions with
respect to the three types of platforms identified.
The main remote sensing gaps have been identified in chapter 5. This section proposes sensing
solutions to these identified gaps in Table 6-2. These gaps can be addressed through improving
sensing capabilities for spatial and temporal resolution. This can be achieved through use of
existing capabilities and also using emerging technology.
Inadequate warning systems can be addressed through a single ground flood sensor network
because this system can be connected to the warning systems in real-time. Space and airborne
systems can increase the time resolution; this is an important issue for warning during
mitigation. Improvement in rain monitoring, like applying satellite radar or microwave systems
and ground-based radar systems, can contribute to a better warning system.
The improvement in Digital Elevation Models and topographic maps can be addressed through
use of Synthetic Aperture Radar (SAR), Interferometric Synthetic Aperture Radar (IFSAR) and
Light Detection and Ranging (LIDAR) sensors in different platforms such as airborne, single
satellite, and satellite constellation systems. This chapter evaluates the IFSAR and LIDAR
sensing techniques in addition to an upcoming shuttle mission dedicated to mapping.
There are two possible ways to have better remote sensing data during night or adverse weather
conditions. First using satellite radar systems, ground-based radar systems and airborne remote
sensing to improve the time resolution. The second solution uses better sensors such as of
SAR, InSAR and LIDAR.
The use of space based radar and microwave systems and ground based radar systems will
address the lack of accurate rain monitoring data.
Table 6-2 Sensing Gaps versus Primary Solution
Major Gaps

Solutions

Gap T2 : lack of adequate warning system

Ground floqd sensor network, airborne remote sensing,
satellite constellation remote sensing

Gap T4ff5 : lack of digital elevation models

Improve data through application of SAR, IFSAR and
LIDAR sensor, airborne remote systems, single satellite and
satellite constellation remote sensing

Gap T6 : lack of accurate hazard and risk maps

Addressed by solution toTS, TIO and Til

Gap TIO: lack of adverse weather condition
remote sensing

Satellite systems and ground-based radar systems

Gap T 11 : lack of accurate precipitation
detection, lack of accurate rain monitoring

Space-based radar and microwave systems and groundbased radar systems
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6.3. 1

IMPROVE THE GROUND FLOOD SENSOR NETWORK USING AUTOMATIC

SENSORS

The ground flood sensor network, Figure 6-1, collects basic hydrologic data and flood
measurements and transmits this information to the disaster centre or to the local authorities.
Thailand 1 has a basic network2 based on manual gage observations and water stage recorders to
collect the data. This data is then transmitted via telephone and radio to the relevant authority.
Other countries have similar or less advanced ground sensor networks. It is necessary that the
selected countries have an integrated ground sensor network for flood management. This will
provide a basis for data gathering of the flood water levels in the regions affected.
Some flood monitoring measurements can only be taken using ground sensors. This is due to
the fact that particular measurements need to have in-situ sensing, which cannot be achieved
using space sensors. However, these sensors can be complemented using space-based sensors.
At this time basic manual gauge stations are being used, which may require improvements.
Thailand has already implemented a small network of unattended automatic flood and
meteorological instrumentation systems in the Lower Chao Phraya Basin.3 This system is also
connected with pumping stations and regulating gates. The results of this pilot project have
been very effective in flood management in this region in the past few years.
Lessons learned during this pilot project can be implemented throughout Thailand, and also can
be recommended for the other selected countries under consideration. The first lesson learnt is
the automatic sensing and data collection, which is transmitted to the disaster centre. This data
is transmitted for integration to the GIS system in real-time and is used to monitor the flood.
Secondly, the real time sensing data can enable the activation of countermeasures in the local
area such as pumping stations and regulating gates. Implementing the lessons learnt can have
tremendous benefits in the improvement of ground sensor networks.

Flood

Sensor

AI
Sirens

GIS

~
Pumps

Figure 6-1 Ground Flood Sensor Network

In addition this real time data can be used as an input for the mathematical prediction models of
floods. More importantly, the accuracy and timing of the information that is provided to the
relevant authorities during the mitigation and response phases of disaster management is
improved.
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Besides the accessibility of the data at any time, national or regional coverage is another
desirable feature in any flood sensor network. The standardisation of protocols, data collection
methods and connectivity of the sensing network can be applied to other application systems in
various organisations, potentially improving the technical co-operation in the selected
countries.
There are different types of ground based sensors that may be used for flood measurement such
as rain gauges, stream gauges, flow meters, precipitation sensors, rain gauge tipping buckets,
shaft encoders, pressure transducer and others. 4 The automatic ground flood sensors are then
connected to an electronic data logger to take these measurements. This is a standard module
powered by batteries or solar cells. The data is transmitted to the network collection centre via
direct radio tq:r:ismitter or via satellite. This is an automated operation which does not require
human interaction and thus can be placed in the flood risk area. The. data is transmitted to the
disaster centre, to be integrated in the GIS and may also be transmitted to local countermeasure
centres, to take appropriate action in real time.
The cost of a new system and the equipment required can be high. The maintenance costs also
have to be taken into consideration. Individuals who work with these systems must be trained.
On the other hand, there is a significant reduction in personnel since the measurements are
automated, reducing the cost of the system. It may still be difficult, however, to obtain the
required funding to implement a system in high-risk areas where there is a lower economic
interest. If a flood area crosses national borders, there may be difficulties in sharing
information as well as co-ordinating mitigation efforts.
The individual characteristics of each flood region must be considered when implementing this
system. There are no specific guidelines, and thus they can be adapted to each area at risk and
the required countermeasures will vary according to the specific area.
The automated monitoring system should be progressively implemented. Initially, a basic
system with a small number of sensors should be implemented in the regions where the
flooding risk is highest. The older manual sensors can then be gradually replaced with the new
automated sensors that are connected to the local network. After one area has the basic system
in place, the network can be linked with the countermeasures and the main disaster centre. This
process will be repeated, progressively covering the high-risk areas until they are all connected
to the system. After the initial system is operational and the benefits to disaster management
become clear, the system will be more rapidly expanded to cover other risk areas.
6.3.2

GROUND FLOOD SENSOR

A possible ground flood sensor uses a floater and a potentiometer. In the absence of
floodwater, gravity keeps the floater resting on the ground. As the water rises, so does the
floater, which is mechanically coupled to the wiper of the potentiometer by a light copper pipe.
The wiper moves along the winding, resulting in a de voltage output having a magnitude
proportional to the flood depth. This voltage may be used to energise the windings of a meter
(calibrated in meters), displaying the flood depth. Alternatively, the voltage information may
be relayed to a distant flood data collection point. There, the information may be displayed and
alarms may be triggered e.g., bright flashing lights and sound.
Signals from many unmanned ground-based flood sensors may be encoded into a baseband
signal which may be transmitted to GIS centres. The baseband signal may then be decomposed
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into the original individual signals and thus displayed to show the flooding status at all the
unmanned flood sensing sites in flooded area.
This is a low cost solution that may be almost immediately implemented. It is also easy to
understand and can therefore be easily maintained by local people with a basic technical
education. This concept is based on car and aeroplane fuel gauge systems.
6.3.3

RAINFALL MONITORING IMPROVEMENTS

One of the gaps identified in the previous chapter was the need to improve the quality of the
data used for GIS. Better data will improve the accuracy of flooding risk assessments and the
prompt issuing of flood warnings. Many of the current meteorological satellites in GEO and
polar orbits provide information on rainfall. Most systems, however, lack the necessary
accuracy to predict rainfall sufficiently in advance, which is needed to detennine the potential
severity of flooding (Refer to Appendix X for details). Two possible improvements to this
situation are proposed below.
Several sensors are currently used to monitor rainfall from the ground. Microwave Water
Radiometer (MWR) provides measurements of amounts of water vapour and liquid water.
Millimetre Wave Cloud Radar (MMCR) is mainly used to determine the top and bottom cloud
boundaries. S-band and X-band radar, as well as UHF wind profiler radar, are used to take
high-resolution measurements of wind and turbulence.
In addition to ground systems, there are several satellite-based radar systems used for weather
monitoring. These include the NOAA-14 Advanced Microwave Sounding Unit-A and the
TRMM Precipitation Radar.
Although satellite-based radar systems have a higher cost (satellite cost, launch cost, tracking
cost, and ground cost, etc), their main advantage is that they monitor a much larger area tl}an
ground-based systems. The satellitt-based systems, however, have a lower resolution than
ground-based systems. In addition to providing a constant data stream, ground-based systems
can be upgraded or repaired if there is a problem, thus extending their lifetime. Satellite-based
systems do not have this capability and therefore have a greater risk.
It is recommended that a judicious mix of ground-based and satellite-based radar be
implemented for rainfall monitoring. Ground-based systems are most useful in areas of high
risk and can be installed in the short to medium term. Satellite-based systems are very good for
giving the overall picture of the rainfall situation. Their current usage must be continued and,
as higher resolution systems come on line, they can be integrated into the disaster management
system in the longer term.

6.3.4

GENERATING DIGITAL ELEVATION MODELS

A digital elevation model (DEM) forms the basis for flood-plain mapping, modelling and the
creation of flood risk maps. The h:lck of sufficiently accurate DEMs of the drainage basin is
currently an issue in flood management. DEMs can be created using data from ground,
airborne or spacebome sensors. Of these approaches, the spacebome sensors offer the most
cost-effective data per square kilometre, and ground sensor data is the most costly.
Traditionally, digital elevation models were created from data collected during ground based
surveys. Now that GPS and differential GPS technologies are available, the surveyor can
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acquire elevation data simply by walking around the surveyed area. Due to the high cost of
data collection, ground-based DEM generation is expensive compared with spaceborne or
airborne methods.
Digital elevation models can be created by acquiring images of the surveyed area from two
different directions using optical wavelengths. This can be accomplished either from airborne
platforms, or from satellites that are able to image the ground from different look-angles. The
SPOT series use this stereo imaging technique. Cloud-free conditions are a prerequisite for
using this technique.
Very high-resolution (tens of centimetres) digital elevation models can be created by employing
a laser, more specifically a scanning LIDAR, mounted on a helicopter or on an aeroplane. A
drawback of this method is the high cost, which is currently several hundred US dollars per
square kilometre.
There are two methods of generating DEMs from SAR data: stereographic SAR and
interferometric SAR (IFSAR). Since SAR is an active imaging instrument that operates at
microwave wavelengths, it is capable of acquiring images of the ground during the day, night
or through clouds. Stereographic SAR is a technique that is analogous to using stereo optical
imagery. The data required to form a DEM is generated by imaging the target area from
different look angles. Interferometric SAR (IFSAR) is a promising new technique which
utilises the coherent nature of a SAR system. By combining two radar images acquired from
nearly the same orbit (or nearly the same flight-path in the airborne case) it is possible to
generate a high-resolution digital elevation model of the target area. In the fall of 1999, the
Shuttle Radar Topography Mission (SRTM) will fly on the US space shuttle. The STRM will
produce a DEM of all landmasses on Earth between the 601h parallels using IFSAR techniques.
The STRM will produce a DEM with a pixel size of 30 metres with an absolute vertical
accuracy of ±8 metres. The data will be available one year after the shuttle flight. A DEM of
this accuracy will be a substanlial improvement over the current DEMs that covers most of the
Earth's landmasses.
Laser scanning produces the most accurate results of the elevation data acqmsttlon
measurements. The high cost of several hundred US dollars per square kilometre prohibits the
mapping of entire drainage basins. Satellite-based DEM generation using optical or SAR
techniques produces reasonably accurate results at a cost of a few US dollars per square
kilometre. The STRM mission will produce a DEM that will be significantly more accurate
than most existing DEMs that cover South East Asia. Purchasing the STRM map of the
drainage basin and using more accurate data where available is the best method of generating
the DEM. The most important and most populated flood-prone areas could be mapped with
laser scanning. The cost of the laser method is bound to decrease as the technology matures
and becomes more widely used. Since STRM will fly in late 1999 this is a near-term solution.
6.3.5 USE OF AIRBORNE REMOTE SENSING IN DISASTER MANAGEMENT
APPLICATIONS

Airborne remote sensing is not a new technique and it is extensively used in military sensing
applications. It can also be used to complement the use of satellites in remote sensing
applications, and in some cases it is very useful for disaster management. The airborne
platform, Figure 6-2, can be an airship or a balloon, to an Unmanned Air Vehicle (UAV) or
piloted aeroplane. The airborne sensor can have better performance or be from the next
generation of S\::nsors compared to the ones on the satellite. The reason for this is that airborne
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sensors are not required to be qualified for a space environment. In addition, more onboard
processing can be done on airborne platforms. Consequently, the capability of the airborne
sensors tends to be better than the spaceborne sensors.
The airborne sensors have a finer resolution than spaceborne sensors and are much less costly.
The airborne platform provides continuous coverage of the disaster area, limited by the range of
the aircraft. The better resolution is useful during the preparedness phase to increase the
accuracy of digital terrain maps in specific regions. During the mitigation phase, airborne
sensors may provide detailed monitoring of critical areas in real time with the appropriate
connection to the disaster centre through a mobile ground base. The operations are locally
controlled and the system can be deployed from the nearest airfield to the disaster.
Military remote sensing technology has a great deal of restrictions for reasons of national
security, making commercialisation difficult. These high technology products will be even
more difficult to implement in countries such as Cambodia, Lao PDR, Thailand and Vietnam.
In the case of di3asters near borders, the air operations may experience difficulty in covering
the territory of-different countries due to airspace regulations.

Figure 6-2 Airborne Platforms (Airships, Balloons, UAV and Aeroplanes)

Balloons and airships are relatively low technology platforms with long endurance, but are
difficult to control during adverse weather conditions. They are reasonably inexpensive and
different sensors, especially visible and infrared, can be mounted in small airships. The
transmission can be done in real time via telemetry or after the recovery of the airship if no
remote control is used.
The UAV platforms have the advantage of relatively low cost with no large infrastructure
needed apart from telemetry and UA V control data. The endurance is reasonably long and
UAVs do not have flight control problems. The sensors can operate in the visible, infrared and
radar bands. The TESAR programme, 5 which uses SAR remote sensing from a UAV, is one
example of a military application that can be used in the future for disaster sensing.
Another airborne platform uses aeroplanes. The typical sensors are visual and infrared
cameras. Some types of aeroplanes are readily available for disaster management because they
are already in place in the air force of each country. Another application is the use of airborne
SARto obtain data to make digital terrain maps such us the AIRSAR programme. 6
The use of balloons and airships is an option for the near future with no big policy implications.
The technology for the UAV and aeroplane SAR platforms is being used nowadays for military
purposes. In practise, they can not be implemented in a very short timeframe due to military
and policy considerations although they are technically feasible.
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6.3.6

USING EXISTING AND FUTURE SATELLITES

One way of adding capability for the countries in the region is to make more use of existing and
future planned satellites is to acquire data that is more accurate. Appendix XI compares
observational requirements with existing and proposed remote sensing satellites.
Using the capabilities of existing optical satellites (IRS series) will increase the spatial
resolution. Planned future optical satellites, like QUICKBIRD and ORBVIEW, have further
improvements in spatial resolution. Combining such new capabilities with existing capabilities
will also add temporal resolution because data can be acquired more frequently. Future small
satellite constellations also offer improved time resolution. In addition, radar satellites
(RADARSAT 1, JSAR) which use SAR and IFSAR will give a slight increase in the spatial
resolution.
Future meteorological satellites will allow better storm tracking and rainfall estimation. To
make an accurate measurement of the precipitation, it is necessary to estimate the intensity of a
cyclone. Scatterometry is a technology that addresses this problem.
Access to existing or future satellite systems requires additional ground station recetvmg
facilities. A solution to this to use small mobiie ground stations. Such stations can also be
valuable during a disaster as they can be placed near the risk area, thus avoiding possible
communication problems with distant remote ground stations.
USE OF SMALL CONSTELLATIONS SATELLITES TO SUPPORT DISASTER
MANAGEMENT

The use of a constellation of LEO small satellites, Figure 6-3, is a solution to support remote
sensing in disaster management. The constellation offers short access time to areas to be
sensed and the LEO offers very high spatial resolution. There are some examples of the
application of these constellations to environmental and disaster management problems like the
MARIAH studies/ Tsinghua-1 8 and the Mission BIRD. 9
The main gaps that can be addressed are the remote sensing related ones during the mitigation
phase where the time resolution is more critical.

Figure 6-3 Satellite Constellations

The low cost driven approach of these constellations make them attractive for the selected
countries. This could be a possibility to start a combined remote sensing system in a co-
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operation framework. The constellation can be tailored with the number of satellites and the
orbits to the area and the sensor can be infrared and SAR sensors.
Thailand already has experience with small satellites 10 so the development of this system can be
done in the region.
USE GMTI/SAR DISCOVERER

II SPACE BASED RADAR SYSTEM TO IMPROVE THE

REMOTE SENSING RESOLUTION IN DISASTER MANAGEMENT IN THE FUTURE 11 • 12

The Ground Moving Target Indicator (GMTI) I Synthetic Aperture Radar (SAR) Discoverer II
programme is an USAF, NRO, DARPA programme. The technical objectives are to
demonstrate technical feasibility, affordability and military utility of this revolutionary spacebased reconnaissance system in the 2010 epoch. The system is intended not only to have
military applications, but also to be accessible to civil users such as disaster management
centres. Some applications of the system are SAR Imaging, High-Resolution Terrain Mapping
and Tactical Dynamic Tasking and GMTI Collection. The system will be based on a ·large
constellation of LEO satellites (24 - 48) with GMTI/SAR sensors that have the ·capability to
search, track and produce high-resolution SAR imagery. The system will have day and night,
all-weather, near-continuous and theatre-wide capabilities. The system will not operate
continuously instead; it will have an on-demand, area collection all over the world. The data
can be transmitted via a direct downlink to the user. This system will be compatible with
existing wireless services that communicate directly with satellites such as Iridium and
Globalstar. The ground stations will be mobile stations located in the area of interest.
This system will be useful during all phases of disasters. Some of its benefits are improved
resolution of remote sensing, improved terrain mapping and the capability to track moving
objects such as trucks. These capabilities help in the preparedness phase by making terrain
maps, in the mitigation phase by providing high-resolution remote sensing in real time and
during the response phase giving accurate information by its capability to track moving objects.
The project is to be initially funded by the United States Air Force, National Reconnaissance
Office and Defence Advanced Research Projects Agency. It is the intention of these agencies
to open the use of this system to civil users such as disaster management organisations at a very
low cost, nearly free. The intention is to provide this service like the GPS, only the user will
have to provide the ground station. Now it is heavy and costly but in the future, if the system is
commercialised like the GPS the cost of the ground receiver should drop to a reasonable price.
As in the GPS system, Discoverer II is a US Military programme and will be under the US
control. This policy consideration could be a strong drawback because the US government will
always have the control to allow or restrict the use of tl)is system as happens nowadays with the
high precision GPS.
The potential use of this system may be taken as a long term possibility. First, the system has
to be operational and this will not happen until 2007 or 2010. Next, the US government should
open the system to the civil market and the commercial applications, and finally the ground
interface must become reasonably cheap to start considering this system as a practical
application for disaster management.
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6.4

TECHNOLOGICAL COMMUNICATIONS INFRASTRUCTURE

SOLUTIONS

Having a complete and efficient communications network infrastructure can enable smooth
functioning of all four phases of disaster management. This section presents potential
solutions, which can be applied to address the gaps in communications infrastructure that exist
in Cambodia, Lao PDR, Thailand and Vietnam.
Figure 6-4 depicts the possible links using communications infrastructure to connect the
disaster management network.
National Education
Solutions
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Solutions jn terms
of sensjng
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Data
Processtng,
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statistics,
rising alarms

Decision
Makers

Cambodia,
Laos,
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Dissemination
to villages

Figure 6-4 System Architecture Overview

The System Architecture for disaster management shown above has four main links.
The first Link (Link 1) is between the sensing infrastructure (Space, Air, and Ground) and the
receiving GIS Operations Centre, for the providing of the raw data.
The second link (Link 2) connects the GIS Operations Centre or bodies to the National
Decision-Making Bodies. Table 6-3 presents an overview of the current decision making
bodies existing in Cambodia, Lao PDR, Thailand and Vietnam:
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Table 6-3 Synthesis of the Decision-Making Bodies by Countries
Countries

Decision making bodies (see chapter 4)

Cambodia

National Committee for disaster Management

LaoPDR

Prime Minister, President of STENO

Thailand

National Civil Defence Committee (NCDC)

Vietnam

Council of Ministers, Disaster Management
Unit (DMU)

Moreover, link 2 is a two-way link whereby GIS Operations Centres provide the national
decision making bodies with supporting data to declare disasters and minimise false alarms.
The reverse link would possibly be executed to provide the GIS with additional data or
information from the local villages or towns.
The third link (Link 3) is utilised by the national decision making bodies to disseminate
information to the mass population in terms of perhaps a warning signal. This could be a twoway link, whereby the population can provide data that can help determine the size of the
disaster, and to raise the alarm.
The fourth link (Link 4) could possibly exist between the decision-making bodies and
educational, public institutions, to provide public awareness and education on disaster
preparedness & recovery phases.
Figure 6-5 depicts the possible solutions used in a communications infrastructure and can be
implemented with the following considerations in mind: time, complexity, cost and the
technologies suitable and applicable.

100·~~·

(--ul

SOUTH EAST ASIA DISASTER MANAGF.MENT SYSTEM

Time & Complexity
Figure 6-5 Potential Communication Solutions Overview
This project has specifically identified the g~ which we will offer potential solutions that
can be progressively implemented with the four considerations outlined above.
6.4. 1

SOLUTIONS RELATED TO POTENTIAL GAPS IN THE LINKS

In order to propose some coherent solutions, we have to take into account the gaps that mainly
impact the communication infrastructure during all four phases of disaster management. These
gaps are defined in chapter 5 and applied to all four selected countries. They are summarised
here:

Table 6-4 Communications Infrastructure Solutions and Gaps Addressed
Major Gaps

Solutions

Gap Tl : Telecommunication
networks (improvement of
communications infrastructure)

Link 1 : Extend wireless radio and paging technologies for applications
in disaster management
Link 2 : Introduce Tl terrestrial links, W ANs, VSATs
Link 3 : Broadcast radio and TV, terrestrial and Space based, Internet,
VSATs,PSTN
Link 4 : Internet

Gap T2 : Flood warning systems are
unreliable

Link 3 : Broadcast radio and TV, terrestrial and Space based, paging
wireless terrestrial and Space based, Internet,

Gap T3 : Integration through
standardisation and common
technology

Link 2 : Introduce VSATs
Link 3 :Broadcast radio and TV, and Space based
Link 4 : Internet
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The above gaps are discussed in this section as they pertain to the links identified in Figure 6-4.
The solutions are then discussed in terms of short, medium and long term timeframes identified
in the introduction to chapter 6. Some of the Gaps presented are common across multiple
countries. The solutions are presented collectively for all four countries, and when one specific
solution applies to a specific gap in that country, it is highlighted in the text.

6.4.2

COMMUNICATIONS INFRASTRUCTURE BETWEEN SENSING AND GIS
OPERATIONS CENTRES/BODIES- LINK 1

Cambodia, Lao PDR, Thailand & Vietnam all have pilot projects in their respective countries
whereby ground sensors are placed in the hazard prone areas. The information gathered by
these sensors is vital during the mitigation phase of the disaster. Timely transfer of this
information to the relevant authorities is vital to the distribution of resources to fight disasters.
Should the sensors require human contact, the information could be transmitted via the Public
Switched Telephone Network (PSTN) to a central exchange database perhaps at the GIS
Centre, or to avoid any policy issues sent first to the local/regional and national authority. The
latter will perhaps add to the delay. If the sensors are automated i.e. require no human action
to determine the status of the flood, the information can be sent via radio signals to the nearest
level of authority, which can decide on the severity of the threat and act accordingly. This
utilises wireless, radio technology that is commonly available and can be applied for the
purposes of disaster management. This may be a short term, low complexity, relatively low
cost solution. Since the technology already exists and has been implemented in other disaster
prone regions and is also available in the selected countries. 13
However, in the mid-term to long term timeframe, these sensors can provide valuable data to
the GIS Operations Centre via wireless terrestrial paging systems. For example when the
sensor activates, a specific signal is sent to the nearest wireless paging tower which through its
network, will end up communicating the data through a pager dedicated to the right personnel
within the GIS Operations Centre. This could simply be a data acquisition process and
warning. The use of this data would be in the analysis phase of disaster verification, to present
to the National Authority, for example the (Central Committee for Flood and Storm Control)
CCFSC in Vietnam. Wireless terrestrial paging system technology is available in all the
countries selected and can be adapted for this purpose. 13
Should this method of acquiring data be questionable with respect to the countries policy, the
warning from the sensors could go directly to the decision making body. However, this may
result in slowing down the analysis process, unless the National Authority has the means to
conduct the analysis themselves and act on it quickly.
Taking this scenario a step further into the long term timeframe, paging constellations in
existence now such as ORBCOMM, 14 and some other planned systems can take the wireless
technology a step further. The sensors can directly send signals to the satellites that can be used
then to communicate the info to the GIS Operations Centre. Should economics permit, the long
term view of getting sensing data quickly to the GIS Operations Centre can be achieved
through a dedicated small satellite constellation, for the purposes of disaster management.
Technology in the satellite can be stretched to receive sensing data, process the data, determine
the level of disaster against certain standards. and transmit the data signal (alarm) to the GIS
Operations Centre.
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6.4.3 COMMUNICATIONS BETWEEN GIS OPERATIONS CENTRE/BODIES &
NATIONAL DECISION MAKING BODIES- LINK 2

At this time, Thailand and Vietnam have GIS Operations "Bodies". This statement recognises
that in the instance for Thailand, no single integrated GIS Operations Centre exists. Multiple
organisations conduct various aspects of GIS and connect to the national governmental decision
making bodies (see Table 6-3). These bodies are connected (networked) to their respective
national governmental decision making bodies.
A common gap that is identified in this link for Lao PDR and Cambodia is that this link could
have an important time delay. It is difficult to assess if this is either a procedural delay, an
organisational issue, information received is not in the right format to act upon, or perhaps the
infrastructure used for the warning and the transfer of the maps. is inadequate in terms of
technology and causes delays.
A simple warning can be issued in many ways. A telephone call (Public Switched Telephone
Network (PSTN), cellular, satellite telephones) to the right individuals could suffice. Always
have backup personnel identified. Make certain the telephone device has a distinctive ring and
a message receiving option. In all selected countries, paging devices can be used to transmit
warning messages to multiple individuals at the right authority.
Maps relating flood relevant data need to be delivered to the decision-making authority during
the disaster phases. Maps generally require a larger bandwidth 'pipe'. This depends on the
layers of data contained within the map and also the size of the region for which the map has
been created. A decision on the means to transfer this data would then be required. It can be
hand carried on a tape, 'Zip Disk', or another hardware medium and transported over to the
decision-making Body, or perhaps an alternative solution implemented. Since all countries
have a PSTN, this could be used for small size data packets. In addition, this PSTN can be
complemented with addition of dedicated terrestrial links, for example Tl links could be set up
in the short term. Through Wide Area Network (WAN) infrastructure, data can be
disseminated through the process of multi-casting to the agencies/authorities that assist in
fighting disasters. WAN's can be set up to be private and secure. This is a common feature
used by Internet based companies that target their users and customers and send out the same
message to a targeted audience.
In addition the PSTN or WAN can be complemented by use of a Very Small Aperture Terminal
Systems (VSATs) network. The deployment is fairly routine, however the costs are high.
These networks can be set up in each country, and can be interconnected by nodes within a
country, or interconnection between countries can also be achieved. The infrastructure in
Space already exists to accommodate this. Communication satellites such as Intelsat and other
regional systems would be able to provide dedicated transponders for usage at all times or
partial usage. This leasing of transponder capacity is cheaper the longer the lease time. Each
country would need to authorise the up-link and downlink of these signals through issuance of
licenses. VSAT systems can be utilised through all disaster phases.
The table hereafter presents the possible applications of the VSAT·system for the four disaster
phases:
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Table 6-5 VSAT Utilisation during Disaster Phases
Disaster phases
Preparedness

VSAT applications
Telephony, broadcast TV, video-teleconferencing

Mitigation

Telephony, broadcast TV, data (high quantity e.g., maps)

Response

Data (high quantity e.g., maps)

Recovery

Video-teleconferencing

..

Cambodia already has international gateway services agreements with Indonesia's PT Indosat
that could be extended to add fixed satellite services that are provided by PT lndosat, that can
enable the set-up of VSAT networks. Thailand already uses VSAT, but could now apply them
to disaster management. Lao PDR and Vietnam should also follow this example. However,
each country should apply longer licence periods 13 for fixed satellite services, as this will
encourage organisations, public and private to set up VSAT.
6.4.4

COMMUNICATIONS BETWEEN NATIONAL DECISION MAKING BODIES & THE
POPULATION- LINK 3

The most efficient means of getting a warning out to the masses is through the means of a
broadcast. Broadcasts can be accomplished be means 0f, national radio broadcast, national
television, Internet based solution (emails, Local Area Networks (LANS), W ANS), use of
telephone systems (PSTN, mobile cellular and satellite telephones), paging devices and sirens.
There are many existing and new technologies that enable the above. In Vietnam for instance
the use of public radio, for example "Voice of Vietnam", to provide the warning to the
population, appears to have a very simple and thorough process defined. This is also the same
when Vietnam uses its public TV to provide warning to the people.15 This method could well
act as a benchmark for the other countries.
However, the penetration levels of the devices that would make this possible e.g., TV's and
radios, in the countries under consideration, are low (see chapter 4) to reach the masses in local
villages, towns and cities.
With this in mind, some very simple warning technologi((s will be recommended for immediate
implementation, which would generally be considered low-tech, relatively low-cost, and easy to
operate.
A potential low cost solution could be that the automated sensors that are used to collect data
on floods for the GIS, could also be adapted with simple technology to issue alarms in the form
of audio and visual media. The audio and visual alarms could be heard and seen by the
beneficiary, and thus they could start acting upon the alarm. The beneficiaries, perhaps
teachers, need to be educated to the meaning of the alarm but the objective would be achieved
through a simple radio broadcast. Clearly for any warning system to remain effective the
incidence of false alarms must be very low.
A mid..,term solution to get warning out to the mass populace and at the same time addressing
the low device penetration for broadcast is to equip localleader(s), teacher(s), doctor(s), with a
pager or wireless phone. Those must be standardised in operation and easy to use (with a
possibility to call the relevant authority). With this communication infrastructure in place it
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would again be an educational issue and public awareness issue for translating the warning
received by these individuals and teach them how to spread the word.
The warning signals may also be communicated via Internet (if are landlines available &
hardware exists) & even VSATs villages and smaller towns to the relevant authorities wherever
they may be. Lao PDR should start by introducing Internet to the country. 16
Direct Broadcasting Satellite Systems are coming on line in many countries. The benefit here
would be that programming in one country can be received in multiple countries. For example
Thailand's Thaicom system could be used for emergency broadcast not only within Thailand
but also in the other selected countries. A standard flood-warning message portrayed in the
selected countries native language, or even better a standard audio signal could be broadcast to
the population of all countries.
Wireless pagers are popular in these selected countries, but the infrastructure is limited to the
large cities. The operators need to be provided with incentives to increase their coverage area.
Pagers in other regions of the world receive all kinds of news and information that is broadcast
out to them. As previously mentioned wireless paging technology has already progressed to
space. Space based paging could be a solution to setting up 'cell towers' on the ground for these
systems.
The other new system and technology that will come on line, in the mid-term timeframe, is
satellite radio commonly referred as Digital Audio Radio System (DARS) This is achieved
through satellites placed in geo-stationary orbit which provide world wide radio programming
to everyone with receiving devices, anywhere, with content from all over the world. Example
systems currently planned, proposed by Worldspace Inc, are, AfriStar, AmeriStar, and
AsiaStar. The device that will be used to receive this programming will also be able to receive
short wave, AM and FM Broadcasts. 17
Looking out int.o the long term timeframe, the space sensing infrastructure, could also be used
as the communication infrastructure which would enable simultaneous transfer of narrow-band
data (paging, telephone calls etc.) and broadband data (large interactive multi-media maps).
The warning could be restricted to the population, and the maps issued to the authorities at the
grassroots level, via for example means of a portable laptop. The sending and receiving
broadband data to mobile devices such as telephones and laptops, is achievable from a
technological perspective. The cost and implementation would probably remain a time issue.

6.4.5

COMMUNICATION BETWEEN NATIONAL DECISION MAKING BODIES &

PUBLIC INSTITUTIONS- LINK 4

The education of the people, organisations and authorities, in terms of disaster management, in
order to teach, improve the knowledge and prevent or reduce the damage in a country is a main
gap.
For this it is necessary to establish a link (Link 4, defined in Figure 6-4) between the national
organisation of disaster management and the educational structure.
In a short term view, the solution for this link can be easy and related only to the organisation
of some direct conferences by the people working in the GIS centre, and by the· decisionmakers. The link can be also realised by poster and paper presentations.
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In a medium-term, it can be possible to use some modem support means in term of
communication like audio conferences (via the PSTN), videoconferences (via satellite links
VSAT). They can be used for teaching the security rules in term of evacuation, understanding
of the warning levels, traffic management, presentation of the global system from the raw data
acquisition to the triggering of the warning via the explanation of the GIS maps.
In a long term view, the solution can be the use with the Internet technology to establish the
link with the education.

6.4.6 COUNTRY SPECIFIC RECOMMENDATIONS FOR COMMUNICATIONS
INFRASTRUCTURE
CAMBODIA

Cambodia's Ministry of Post and Telecommunications is responsible for the country's
telecommunications technical standards, licensing fee establishment and frequency allocation. 18
Therefore, this organisation could co-ordinate the wireless communications assignments for
mobile disaster related units deployed in the response phase. In addition, Cambodia's plans for
separating their regulatory body from its operating body should facilitate a corporate entity the
opportunity to investigate virtual private networks to include VSAT networks for Cambodia's
civil defense needs that includes emergency management (i.e. flood disaster management).
LAoPDR

Lao PDR has separate regulatory and policy making bodies and these entities share the
responsibility of telecommunications technical standards but the Ministry is solely responsible
for frequency allocation and establishing licensing fees. 16 So any fixed satellite and mobile
satellite solutions have to request licenses from the Ministry. As of 1998, no mobile satellite
services where reported available to the ITU-R. And any wire line interconnection and virtual
private network solution has to be provided by Lao PDR's sole operator Lao Telecom Company
Limited.
THAILAND

Thailand's Ministry of Transport and Telecommunications is responsible for policy making but
the Post and Telegraph Department (PTD) regulates the country's operators. 19 The
establishment of licensing fees and technical standards are delegated to Thailand's Operator
while the frequency allocation function is the responsibility of PTD. Thailand has VSAT
network services offered by the Telephone Organisation of Thailand and mobile satellite
services are available through the Communications Authority of Thailand. So any private
network solution appropriate for interconnecting bordering countries related emergency
management systems should negotiate network configurations with the above organisations
until the planned competition initiatives change the faces of providers.
VIETNAM

The Department General of Posts and Telecommunications (DGPT) is Vietnam's policy making
authority and regulator. 20 Establishing licensing fees, allocating frequencies and standardizing
technical telecommunications network features is the purview of the DGPT. There are several
States owned operators that provide mobile cellular and fixed satellite services that are essential
for efficient disaster response. However the Ministry of Foreign Affairs is the only entity
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allowed to use private networks for international connection. Vietnam is planning competition
in Global Services Mobile cellular market and this national development initiative shall
facilitate relatively (to mobile satellite not available as of 1998) low cost cellular services for
disaster operations.

6.4.7

EXAMPLE: COMMUNICATIONS INFRASTRUCTURE IMPLEMENTATION

Existing and planned technology solutions proposed could deliver to disaster managers
important new information products that could save lives, reduce property damage and
potentially lessen the environmental impacts of natural disasters.
The figure below illustrate the basic communication infrastructure necessary to communicate
between layers within a country and potentially interconP.ection between two countries:
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Figure 6-6 Communications Model Within a Country and between Countries
By analogy with this example, the relationship between the NGO's may be the same.
With the right organisation, policy, and legal framework in place the technology solutions
presented can be implemented in a timely and cost effective manner. The dissemination of
information to the population can be facilitated through the technology solutions presented.
What needs to accompany this, would be the education and public awareness plans that
empower the population, to fight disasters.
An example of a global view of the disaster management system is presented here:

107

SOLUTIONS TO THE GAPS

ltnalog 1
Commupjcatjop

Commupjcatiop

LiBU

Commupjcatjop

Li.nk.l

Forecasts

Li.nk...4

Education

.GIS

Operation Center
Optical
fiber
link
Thailand

VSAT~"%1 ~
em.~=~~~ '" _<~ ~-_,_-. !:~ ~7-~ . . l~l:t~--L-_ _

Standardized

Dissemination
to villages

..

Figure 6-7 Potential Communications Solutions Overview

The Volunteers in Technical Assistance (VITA) is a private non-profit organisation that has
provided technical information to assist developing countries over the last forty years. Services
include volunteers who respond to technical questions. VITA has participated in long term
programmes in many developing countries including Thailand. 21 VITA could be contacted to
assist in the development of the communication system.

6.5

TECHNOLOGICAL GIS AND DATA PRODUCT SOLUTIONS

The mapping of the solutions presented within this section to identified gaps is shown in Table
6-6 below.
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Table 6-6 GIS Solutions and Gaps Addressed
Major Gaps

Solutions

Gap T6 - lack of -national hazard and
risk assessment maps

Improved resolution risk maps

Gap T4- lack of cartographic maps

Major national efforts to produce digital cartographic maps.
Subsequent inclusion of cartographic data in risk maps and GIS

Gap Ll- Communication between
governments
Gap El- flood awareness
Gap E2 - understanding of disaster
warning signals

Standardised flood severity scale

Gap L3 - Communication between
research organisations and
government

6.5. 1

Modelling of extrapolated land use scenarios
Inclusion of economic indices in risk maps and GIS

RISK MAPPING

One of the key areas of contribution of Geographic Information Systems (GIS) to disaster
management is the production of risk maps. Accurate risk maps allow the targeting of
resources and flood preparation and mitigation efforts at the areas most at risk. Increased
resolution in the risk map, for example risk mapping at 1:50,000 scale, would allow for much
more precise targeting, which implies greater cost effectiveness in these efforts. Improvements
in the resolution of risk maps in the near term may be realised through the use of more
accurately determined input parameters for the hydrological modelling, namely DEMs, soil
moisture and precipitation. The technologies to realise this have been described in the earlier
section on sensing. The delay between availability of the improved data, and the release of
better risk maps would be of the order of 2 years. The cost of producing the risk maps from the
new data is not negligible, but is small compared with the cost of acquiring the improved data.
Another area for improvement in GIS and simulation is in the usefulness of the output product.
The purpose of GIS is the extraction of comprehensible information of interest to the user from
the vast quantities of opaque input data. Sometimes the full potential of a GIS is not attained
because the information generated still reflects too much the technical origins of the source data
rather than the (non-technical) interests of the user.
The production of risk maps is often the first step in technological efforts to manage the impact
of disasters. Risk maps are also frequently the first tangible products that decision-makers and
budget holders 8ee from these efforts.
Therefore, as well as showing the pure technical output, that is the degree of flood risk
corresponding to a particular area, the risk map should also contain the probabilities relating to
degree of economic loss and damage to food production capability. Indices for establishing
economic and agricultural loss are present in the literature 22 and may be combined with the risk
map straightforwardly through the presence of a land use layer in the model. The inclusion of
this data is important even for research-based flood risk modelling since demonstrating the
technological feasibility of a particular approach also functions to showcase the potential
usefulness of the techniques prior to decisions on wider implementation.
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Inclusion of basic economic and agricultural damage indicators into GIS systems could be
implemented in a short timespan, and without substantial effort, or cost.
Effort should also be directed towards the integration of digital cartographic maps into GIS
systems. This increases the usefulness of the GIS for risk mapping since it allows risks to
infrastructure, such as roads, railways and power lines, to be assessed easily. Damage to
infrastructure during flooding can seriously hamper response efforts, for example damage to
roads might prevent access to a region in need of post-disaster assistance. These types of
considerations are an important part of disaster management planning. Additionally, accurate
digital cartographic maps would be useful in many other areas of national planning and
development. Infrastructure is an important national asset. Detailed knowledge of that
physical infrastructure represents a valuable non-physical asset of itself.
The creation of digital cartographic maps requires a great investment in time and effort (i.e.
cost). The creation of these maps from remote sensing data is cheaper than for conventional
surveying, howtver a significant national effort would still be required to produce these across
a country. Provided the requirements for such a programme were defined with due attention to
the subsequent application of the data, the benefits of such a system extend much wider than
disaster management alone. The resulting maps could be used within government organisations
for a wide variety of purposes, and consequently the initial investment is justified. Such
mapping might be released to the general population as well. A national mapping effort could
be achieved within a medium timescale.
Subsequent incorporation of the cartographic information into GIS systems for flood
management would be achievable within the short term from the availability of the digital map
data. The cost of this stage is insignificant against the cost of producing the cartographic map
data.
6 .5.2

STANDARDISED FLOOD SEVERITY SCALE

At present, there is no easy way to contrast the severity of a particuiar flood to another. It is
therefore suggested that a standardised flood severity scale be defined and used withm the
selected countries as the focus for this report. Whilst initially intended for use within South
East Asia, it is intended that the scale be devised with an appreciation of flooding severity
globally, such that the scale could potentially be adopted more widely. Because of the special
properties of flash floods, it is not proposed to attempt to include them within this hazard scale
definition.
For the purposes of earthquake disaster management, the Richter scale fulfils the function of a
standardised hazard severity scale very well. The scale offers an immediate impression of the
severity of a particular (real or predicted) earthquake. This is useful in communicating between
national government organisations, regional authorities and relief organisations since it conveys
the severity of the disaster and the likely scale of damage within a simple description. It is also
useful for communicating with the general public, since it takes relatively little education to
explain the relative severity of an earthquake measuring eight on the Richter scale as opposed
to one measuring 3. The Richter scale is a single parameter seal~ in that it based on one
property of the t"arthquake, namely the maximum seismic amplitude recorded at a specified
distance from the earthquake epicentre. Note also that the scale does not provide any
information about the vulnerability or population density of the area affected i.e. it is
independent of location. This sort of scale seems to work well for the earthquake hazard, but
because of the different nature of the flooding hazard, a different approach may be demanded.
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Multiple parameter hazard scales do exist, for example the Torino23 scale, for addressing
asteroid and comet impact hazards uses a combination of the kinetic energy of the asteroid or
comet in question and the probability of impact with the Earth. The International Astronomical
Union formally adopted this scale in June 1999. Interestingly the Torino scale is orientated
towards pre-disaster characterisation, since probability of occurrence is one of the defining
parameters, whereas the Richter scale is equally applicable pre and post disaster.
Possible defining parameters for a flood severity scale include:
~

Change in water level,

~

Area covered

~

Volume of water

~

Velocity of water

~

Duration of flood

~

Vulnerability of the area affected (population density, no. of structures, flooding history)

~

Economic impact

~

Terrain type (slope)

~

Extent of advanced warning.

Clearly, there il< balance to be struck between the desire to fully characterise flood severity by
including the maximum number of applicable parameters, and the desire to limit the number of
parameters selected in order to preserve usability.
The behaviour of the scale is, of course, determined by the selected parameters.
example, we were to use

If, for

log10 (area covered x the population density for the location)
we would have a scale that, unlike the Richter scale, is localised and which concentrates on
immediate human impact. This scale is essentially a single parameter scale since numerically
the product of the two parameters is number of people it is assumed that the area is easier to
determine than the number of people affected, and that the population density is taken from a
defined population density distribution mapping. A more advanced basis for a scale along the
same lines might use, for example, weighted scores for different types of land use instead of
population density.
The definition of a scale and the implementation of its use within the selected countries could
be achieved within a short timeframe. Note however that it would only start to become
effective as people and organisations become familiar with its meaning, in a medium to long
timeframe. There no significant cost associated with the creation and use of this scale.
6.5.3

MODELLING OF EXTRAPOLATED LAND USE SCENARIOS

As a starting point, a decision was made to address natural, as opposed to man-made, hazards
and disasters. However, this distinction between the two is not always as clear as one first
imagines. In the course of researching for this report it has become increasingly clear that
"natural" flooding and human influence are intimately related.
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Aside from direct flood prevention measures, humans affect flooding primarily by introducing
changes in land use. Increased agricultural use of land, and to a greater extent urbanisation,
reduces the water storage capacity of the ground. Consequently, when a large volume of water
is precipitated over a watershed there is a tendency for it to flow downstream simultaneously,
rather than being spread over time by the absorption and release of the ground. This greatly
increases the likelihood of flooding.
Changes in land use are happening fastest within the developing world. Cambodia and
Vietnam, both located towards the bottom of the Mekong watershed, are vulnerable. Should
the Mekong watershed dynamics change and could see their food security seriously threatened.
It has been observed that flooding of Cambodia is becoming more severe, and upstream land
use changes have been identified as a possible cause of this trend. 24 For the Chao Phraya basin,
changes in watershed behaviour could potentially overwhelm Bangkok's existing flood
defences. In both these cases, there is an enormous benefit in being able to identify and plan
appropriately for these changes pre-emptively rather than attempting to react once the change
has taken place.
A way to attack the problem is to produce scenarios for land use in 20 years time. It may be
possible to form these by identifying current land use trends and extrapolating on the basis of
continued "business as usual." Alternatively, studies correlating land use change to population
growth can be used together with population increase projections. 25 A hydrological model
should be used to compare the predicted scenarios with the current situation using the same set
of precipitation data, the entirety of the 1998 wet season for example. The difference between
the model results may be compared with the real watershed behaviour for the period in question
to obtain an indic::.1tion of the future behaviour.
Of course, the faithfulness of future watershed behaviour predictions is limited. Production of
the future scenarios assumes that current land use trends continue, with no reforestation efforts.
Besides the difficulties in predicting future land use other assumptions are involved. Changes
in global weather patterns may be occurring, but there is insufficient data to be able to identify
or extrapolate these, and consequently these changes are assumed to be negligible for the
purpose of this analysis. Further changes in land use frequently leads to changes in drainage
patterns as soil is washed out and deposited further downstream. A sufficiently detailed model
could in principle attempt to simulate this effect as well, but it is assumed here that such effort
is unnecessary for a first order estimate of the effect of land use change.
In principle these modelling efforts could be achieved within the short term since what is
desired is a first estimate of the extent to which flooding will become worse, at least initially,
and consequently highly detailed models are probably not appropriate. Clearly if improved
engineering defences or extensive reforestation programmes arc necessary to meet the
requirements of the next century then they will be a long term endeavour. This fact emphasises
the potential importance of pursuing initial prediction estimates as soon as possible. The cost
of performing this exercise is not prohibitive, whereas the cost of inadequate preparation for
changed watershed behaviour could be extreme.

6.6

POLICY & LEGAL SOLUTIONS

The policy and legal issues surrounding disaster management are some of the most
complicated. Each policy and legal problem can be approached from many angles and there is
rarely one ideal solution. Instead, there are usually many solutions with various tradeoffs to be
made depending on the exact circumstances. Creativity is usually a benefit when proposing
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political and legal solutions since the right "spin" is often necessary in order to obtain
agreement to proceed with implementation.
The following matrix provides an overview of the relationship between the policy and legal
gaps identified in chapter 5 and each solution. The table is meant as a guide and more detailed
descriptions of each solution follows.
Table 6-7 Matrix of Policy & Legal Gaps & Solutions
Solutions
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ONE·CALL Co-oRDINATION INFORMATION RESOURCE CENTRE

The concept of a Single Point-of-Contact that would act as the p~rmanent operational brid~e
between the beP.eficiary and the technical service providers is recommended to be established. 6
It has been proven that space assets can contribute greatly to the fi eld of disaster management.
the Centre Nationale d'Etudes Spatiales (CNES)/SPOTIMAGE and ESA, for example, played a
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significant role m supporting civil protection intervention in response to Hurricane Mitch.
Reports such as the Disaster Management Support Project published by the Committee on
Earth Observation Satellites (CEOS) in 1998 provide an extensive summary of the work the
civil space agencies are doing in the area of disaster management.
But a major disconnect exists between the space community and the disaster management
community. Although efforts have been made, the Agencies are not usually fully aware of the
needs and capabilities of the disaster management community whose needs differ from country
to country. On the other side, many disaster managers are not fully aware of space-related
capabilities and how to acquire and utilise them. Although numerous space agencies and
private space data and value-added providers have made important and extensive contributions
to disaster management, this effort has been done on an uncoordinated basis.
The space community and the disaster management community should work together to
establish and maintain a One-Call Co-ordination Information Resource Centre that will
provide, amongst other things:
}>

Outreach

}>

Monitoring function

}>

Alarm function (including false alarm protection)

}>

Co-ordinating access to space assets

}>

Organising efficient use of voluntary contributions

}>

Training and education

The United Nations Office for Outer Space Affairs could sponsor additional activities on the
application of space for disaster management, focusing on the beneficiary requirements. The
disaster management community could acquire sustaining funding for the effort from numerous
sources:
}>

Internal (individual, national disaster organisations)

}>

International organisations such as the International Red Cross, The World Bank, the
international relief and development organisation CARE

}>

Donor countries and their appropriate aid and emergency agencies, for example The US
Federal Emergency Management Agency and the US Agency for International
Development

}>

Commercial entities such as insurance companies or disaster relief product suppliers

}>

Voluntary, in-kind contributions during the emergencies by space organisations and valueadded companies (public and private)

The One-Call Co-ordination Information Resource Centre could be established in the mediumterm, perhaps following a founding conference attended by all the relevant institutions.

6 .6.2

SPACE SYSTEM OPERATORS' CHARTER

In the context of the UNISPACE III conference in Vienna, the Director General of ESA and the
Director General of CNES announced a plan to create a Space System Operators' Charter
to promote efficient support to disaster management.
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These Agencies have announced that "in the event of a disaster, Charter signatories will
undertake to support organisations involved in disaster assistance and rescue by making
available Earth observation assets, including satellites, instrumentation, ground facilities and
archive image data resources."27 Upon the request of the appropriate civil authorities from
countries that have signed the Charter, ESA and CNES will make their best effort to rapidly
provide the relevant data.
This solution has already been implemented and the Charter is open to all space agencies and
satellite operators. The selected countries discussed in this report benefit from this opportunity.
There is little or no cost involved. Action should also be undertaken to make sure the
organisations involved in disaster management in each country are aware of this opportunity so
they will be able to request data in a timely fashion when disaster next strikes.
6.6.3

JOINT DISASTER MANAGEMENT EXERCISES

As noted in the chapter on existing gaps, there is a need to improve communication between the
countries considered by the Project Team in regards to disaster management issues. Therefore
formal Joint Disaster Management Exercises, similar to joint military exercises, should be
undertaken by the selected countries to identify where weak communication links exist and to
begin the process of identifying and applying specific solutions for those gaps.
When a disaster strikes, it is a very poor time to discover where one's weaknesses lie. This is
the fundamental reason why joint exercises between countries, as commonly practised by
militaries, are undertaken. Joint disaster management exercises can be planned and carried out
between two or more countries in order to practise responding to a simulated disaster. These
joint exercises can be held every few years and as confidence grows, can be expanded to cover
additional areas. An important by-product would be bilateral and multilateral relations
benefiting ongoing development programmes. The increased ability to identify weaknesses
before an actual disaster will allow time to seek and implement specific solutions. In addition,
working protocols can be established to help improve communication and operational
interfaces.
Joint disaster management exercises require the highest level political decision-makers be on
board in order to implement and carry out the idea. These decisions will have to be undertaken
at the Ministerial and Prime Ministerial level which means they will take time and often be tied
in with other political issues which may have no relationship to achieving this goal. In
addition, joint exercises will have a significant cost. It may be possible to integrate them into
other military and development training programmes and to ~eek funding from donor
institutions. Additionally, such Joint Disaster Management Exercises will involve departments
from many ministries in each country and this adds a significant complexity. However, it is
precisely due to this complexity that the joint exercises are interesting and beneficial.
Joint disaster management exercises could be initiated in the medium- to long term timeframe.
The political and cost issues will take significant time to arrange, but there is also a substantial
benefit to be gained once the joint disaster management exercises are initiated.
6.6.4

PARTNERSHIP PROGRAMME: EDUCATION THROUGH COMMUNICATION OF
EXPERIENCE

Many people have valuable individual knowledge and experience. Often without realising it
themselves, they know the answer to many questions that other people are confronted with for
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the first time. When one has the answer, but does not know who else needs it, and when
someone else has a question without knowing who has the answer, a means must be found to
share knowledge and experience. An approach that may help is a Partnership Programme,
where people with similar environments are brought together with the sole objective to let them
communicate about their environment. Such a partnership is possible on all levels within the
hierarchical structure of governments. Most benefit will be achieved on a city or district level.
An example where this could very well be applied is a relation between a city involved in
flooding in Thailand and a city involved in flooding in Lao PDR (like sister cities). Open
discussions on topics such as the use of volunteers, co-operation between police, fire brigade,
army, and flood protection measures could lead to an exchange of knowledge and experience
for all parties involved. Language differences are an obvious obstacle to be overcome.
A partnership programme as depicted in this section already exists in many cities in Europe.
Relations are possible with cities from other European countries as well as with cities outside
the European countries. Although the programme as described above aims at a partnership
between the cities in the Mekong River countries, relations with cities outside South East Asia
are also very well possible, for example through the Internet.
The costs of a partnership programme are low, and are linear with the number of cities involved
in the programme. It is conceivable that some donor organisation would fund a pilot project to
prove the feasibility of he concept. In case of success, the country's government could take
over.
The programme can start at any time with a pilot project involving a number of cities. It can be
gradually increased in size as its success demands.
6.6.5

DISASTER MANAGEMENT FOCUS AT THE MEKONG RIVER COMMISSION

In April 1995, Thailand, Vietnam, Lao PDR, and Cambodia created the Mekong River
Commission (MRC). The MRC consists of three permanent bodies: Council, Joint Committee
and Secretariat. The MRC conducts annual Council Meetings that are ministerial and cabinet
level. There are also twice annual MRC Joint Committee Meetings that are department-head
level. 28 It is proposed that the agendas of the next MRC meetings address standards for rating
hazard and disasters, enforcement of environmental issues in disaster management area, and
mutual support between governments.
By convincing the Secretariat of the Mekong River Commission to add these issues to the
agenda for the next Council Meeting and the next Joint Committee Meeting, there is an
opportunity to identify standards for rating hazard and disasters and take serious measures in
enforcement of environmental issues related to disaster management.
By ensuring
compatibility of interest and mutual advantage, there is likely to be progress made during
Council Meetilig.
By utilising MRC meetings to address these issues directly with policy makers, there is the
opportunity to make progress and perhaps even present the full finding of SEADS. In this
regard it is important to get full support from the MRC Secretariat and all participants or may
run the risk of not reaching the decision-makers. And even if the issues are addressed in the
MCR meetings, they will still have to be discussed officially.
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This initiative ran be implemented rather quickly, especially if it is undertaken by members of
the SEADS team, though it may take months to a year before the issues are addressed by the
MRC.

6.6.6

CENTRAL DATA INFORMATION SYSTEM

As cited under the existing gaps, there is a need to improve communication and co-ordination
between different government levels, local, regional, national with regards to disaster
management issues. Therefore a Central Data Information System should be accessible to
regional users for planning process and co-ordination through networks between districts,
provinces, and regions. It can be planned and carried out by the various levels of governments,
to identify exactly where lack of communication links and poor work co-ordination exist and to
begin the process to identify specific solutions for those gaps.
Initiatives aimed to open communication between governments and sharing information include
the Mekong River Commission and the Eastern Asia Natural Hazards Mapping Project
(EANHMP). In Thailand the issue seems to be more a problem of optimising information
technology and data efficiency that is available from different organisations. For example,
ACRoRS, ADPC and UNDP each have their own GIS system. Improved communication and
co-ordination of data between these systems could help to improve the sharing and flow of data
at a regional level. This is important since Thailand often takes a lead role in disaster
management initiatives in the region?9
This network will require a significant initial investment in the infrastructure and operations.
However, new international communication infrastructures could reduce this cost.
Additionally, deciding the appropriate links to make will require studies in order to ensure that
the correct links are established. Without such careful studies, the network may not be used as
hoped. Funding for the network may be obtained from donor institutions.
The network could be implemented in the medium- to long term frame.

6.6.7

WATERSHEDAUTHORITIES

An approach to organisation of disaster management systems and national development could
be looked at South East Asia in terms of its major watersheds. Under the auspices of an
organisation such as the United Nations Environment Programme (UNEP), it is proposed that
an association of Watershed Authorities be established for South East Asia.
For each major watershed in South East Asia, a watershed authority would be established.
Each authority could be created as an independent organisation, either a national body in the
case where the watershed falls within one country or an international body when the watershed
covers several countries. The UNEP could act as a forum for co-ordination between each
authority in terms of establishing standards, assisting in maintaining communication by hosting
regular conferences, and aid all the authorities in approaching donor institutions for funding.
Each authority would focus on the sustained development of their watershed and establish and
implement a disaster management plan and system. Most of the watershed authorities would be
single country organisations, however the Mekong River Corr..mission and its predecessor
entities provid~ an excellent example of an organisation already working for 40 years in this
area. Interaction between several watershed authorities would strengthen each organisation by
allowing the exchange of ideas, strategies, solutions and personnel.
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The establishment of watershed authorities for all of South East Asia is a very large, somewhat
daunting undertaking. Not only would it call for the creation of new organisations, but would
require the difficult task of integrating the disparate existing organisations, often sections of
several Ministries within each country. In addition, the funding of such authorities would
require both an inflow of new funds from donor institutions and the reprogramming of existing
national and international funding, a very politically sensitive issue. Finally, the alignment of
each country's policies to implement such a solution will require concurrence from the highest
levels in each country.
The best approach to implement this solution would be in small steps. Start by working with
existing organisations and then add further watershed authorities as confidence and experience
is gained. This would take a few years to initiate over the medium-term and will be a
continuing effort over the long term.

6.6.8

INTER-MINISTERIAL PANELS FOR DISASTER MANAGEMENT

As noted in the chapter on existing gaps, there is a need to improve communication and cooperation between the ministries in each country so as to improve response to disaster
situations. Often one of the biggest roadblocks to improving a country's planning for and
reaction to disasters is miscommunication, lack of guidelines, and territorial conflicts between
national ministries. Each country should therefore establish an Inter-Ministerial Panel for
Disaster Management to open lines of communication and look for resolution to these
problems.
This inter-ministerial panel could be made up of representatives of each ministry who will meet
on a regular basis in order to resolve any difficulties or disputes between ministries. Such a
panel could also make recommendations to co-ordinate activities and planning in each ministry
in regards to disaster management initiatives. This solution allows issues of importance to be
brought up on a regular and systematic basis.
It could be particularly beneficial if the official representative on the panel from each ministry
were at a high enough level to direct his or her respective minis~ry to follow the panel's
recommendations. If they are too low, then the panel's recommendations could go unheeded
within each ministry. If they are too high, the panel may not be able to address the issues of
substance and the benefit of the interaction between panel members may not be gained by the
lower level ministerial staff who have to implement the panel's recommendations.
The inter-ministerial panels could be implemented in the short term, especially in the selected
countries under consideration where the foundations of a disaster management system are still
being built. The cost issues related to the establishment of inter-ministerial panels are,
fortunately, minimal. Whatever the state of a country's disaster management planning, a
formal co-ordination between the respective ministries involved is always beneficial.

6.6.9

QUARTERLY MEETINGS BETWEEN RESEARCH ORGANISATIONS AND

GOVERNMENT

As cited in the previous chapter, there is need to develop communication and work coordination between the research organisations and government. Therefore it is proposed to hold
Quarterly Meetings between Research Organisations and Government in order to discuss
disaster management.
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When a disaster comes, it is never a good time to discuss where weaknesses exist. Quarterly
meetings between researchers and government would offer the ability to rectify weaknesses
before an actual disaster crisis exists and allow time to seek and implement specific solutions.
In addition, work co-ordination can be established and communication gaps decreased. These
meetings can be carried out between two or more organisations and government.
These meetings will require political decision making in order to implement and carry out. The
cost of such meetings can be minimal and accommodated within each organisations annual
budget. However, the benefits of increased co-operation are large and worth the small
investment. This idea can be initiated immediately and carried on indefinitely.
6.6. 10

COMMUNITY STEERING COMMITTEES

Experience in Australia and South Korea has demonstrated that community participation in
flood plain management plans is "an important factor for integrating [flood control
programmes] into the national socio-economic development programme". 30 Efforts made to
involve local people in the planning of new projects and in the management strategy for their
river systems encourages their successful implementation by the affected community.
The proposal would be that the flood control management agency in each country or watershed
establishes a network of Community Steering Committees with which it consults on a regular
basis. These committees, which should include people of standing in each local community,
would meet with the management agency to provide input into proposed projects, strategic
plans and the development of education and awareness programmes. These committees would
also assist in the implementation of these activities in their local region.
These community steering committees could bring a local perspective to the broader plans of
the flood control management agency. Their specific local knowledge can highlight potential
problems or raise additional ideas for inclusion, that might otherwise have been overlooked at
the regional or national level. In addition, local 'ownership' of the solution to a local problem
makes the implementation of a major project easier to achieve, since local communities derive
a sense of both empowerment and accomplishment from having a direct involvement in
programmes that ultimately affect their lives. "Encourag[ing] the exchange of information and
views with community groups makes [the flood control authority] more acceptable to the
community".31 Education for disaster preparedness is also better received, disseminated and
heeded by the community when it is tailored for local needs and has the support of locally
respected persons.
However community steering committees may become politicised and driven by factionalism if
there are diver-gent views within the community, thus rendering them ineffective. They may
also seek to use their consultative role to the flood control management agency as a forum to air
unrelated grievances with the local, regional or national government: this could result in the
blocking or delay of needed projects, for political purposes.
The development of a network of community steering committees would be expected to take at
least 2-3 years to implement and establish as an efficient and effective programme. There
would be minimal cost associated with the establishment of the committees.
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6.6. 1 1

VOLUNTEER EMERGENCY RESPONSE TEAMS

Scarce resources are one of the major gaps facing all disaster management initiatives.
Therefore the full-time, professional emergency services that do exist in the selected countries
are often confined to major metropolitan or regional centres. A solution to spread existing
resources over a large, often under served area, is the creation of Volunteer Emergency
Response Teams for villages and rural areas. Such teams can be trained to respond not only to
disaster situations, but to also provide other emergency assistance such as rescue and fire
services.
In each village or rural area a volunteer group can receive training and overall co-ordination
from a regional or national centre. Each volunteer emergency response team would be
equipped with the necessary materials and would respond to emergencies as needed. Similar
volunteer organisations exist in Thailand but receive no support from local, regional or national
authorities. Vietnam has established a formal and well-organised network of "Disaster
Preparedness Centres" and "Shock Brigades". 32 The Vietnamese programme also provides a
means to increase community awareness in disaster management and to conduct training in
disaster preparedness, first aid and emergency relief.
These volunteer emergency response teams would be able to respond quickly to local
emergencies and would form a reserve of forces to aid in large-scale disasters, which would be
co-ordinated by regional or national authorities. A more systematic approach in the creation of
these volunteer emergency response teams would yield benefits in each of the countries.
The main issue in the creation of the volunteer emergency response teams would be the
assignment of responsibility for national and regional co-ordination and training of the teams,
and provision of command and control during large-scale disasters. Additionally, funding will
be required to equip the teams. This funding can come from local donations, from local,
regional , and national authorities, and from donor organisations.
The systematic implementation of the volunteer emergency response teams would be
undertaken on a medium- to long term timeframe. The necessary organisational structures
could grow naturally on a national scale to ensure the successful creation of the teams
throughout the country.

6.6. 12

NATIONAL DISASTER RELIEF LAWS

Each country should enact appropriate National Disaster Relief Laws to provide a consistent
legal regime for the government's response to disasters and for the aid to be provided by the
country to its citizens affected by the disaster. It is proposed that each country's appropriate
parliamentary bodies should enact a comprehensive law that covers all legal aspects of a
government's response to a disaster. The act should cover what special rights and duties the
government can assume in the event of a disaster and what aid it will offer to its citizens. An
example in the United States of America is the Disaster Assistance and Emergency Relief Ace 3
that was put into force in 1974. This comprehensive act provides the framework in which the
President of the United States can declare a major disaster within a certain region and defines
the role and responsibility of the US government to its citizens affected by this disaster.
Another example is found in Vietnam where a detailed "Provision of Emergency Service" 34
describes all the benefits a Vietnamese citizen may claim in the event of a disaster.
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However enacting a set of laws related to disaster response is a complicated affair and is bound
to be tied up in the political considerations of the moment. It will also bring to the fore any
different viewpoints and .territorial disputes between the country's ministries that have a role in
disaster management. These divergent views could lead to a weakening of the laws to the point
of ineffectiveness unless a strong political will is exerted to form a consensus among those
involved. In the case of democratic countries, opposition parties will also seek to influence the
outcome of the process. Nevertheless, the successful enactment of legislation will no doubt
greatly benefit the citizens of the country.
As with any political process, the enactment of legislation takes a significant investment of
time. At a minimum this will take several years. If substantial controversy surrounds the
legislation, then many years may pass before its enactment, if ever.
6.6.13 HEALTH ISSUES

A well working health system is especially important once a disaster occurs. Basic assistance is
crucial after a disaster strikes. An emergency plan should be developed to get the assistance as
soon as possible to the place where it is needed. Health facilities must be constructed in a way
that they are operational even after a strong impact (e.g., when there is no electricity) and must
be equipped properly.
A serious concern is the increased risk for transmission of diseases. When a disaster strikes
basic environmental sanitation often brakes down and supply of clean drinking water gets
difficult. An emergency plan that is developed in close co-operation with the communities can
reduce the risks of water contamination and water born diseases. Epidemics must be avoided.
In case an epidemic occurs nonetheless a dependable detection and reporting system is needed.
Another important means to secure basic medical help and therefore to reduce casualties and
death is to train the population in basic first aid. Especially in remote areas trained community
members could bridge the period of time until outside help arrives. 35
As the Red Cross Societies in the different countries are already very active in disaster
preparedness and medical assistance in the immediate response period close co-operation in the
planning as well as in the funding could be advisable.

6.7

EDUCATIONAL TRAINING AND PUBLIC AWARENESS

The primary goal of this report is to identify technological and organisational solutions to
mitigate the impact of disasters. However technology and organisations are by definition not
able to aid people literally, but they are aimed at providing any kind of information and
circumstances for a timely and efficient reaction. The simple fact of being informed and
understanding a situation is essential to sound decision making. The goal of this section is to
make suggestions on how to educate and raise public awareness so individuals are capable of
making sound judgements. Sound judgement making is essential both in the heat of a disaster
and in the calm of an assessment of a watershed for flood plain modelling.
Table 6-8 presents the Education & Awareness Gaps raised in section 5.2.3 along with a
number of solutions proposed to respond to these gaps. In many ways the tools of education
and public awareness are fairly standardised and the same tool can be applied to many' specific
problems. Therefore the solutions presented here tend to be versatile and could be applied to
many areas of disaster management, environmental awareness, and national development
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issues. Several solutions have been put forward as to ways in which scarce educational funds
can be multiplied to increase their benefits.
Table 6-8 Matrix of Education and Public Awareness Gaps and Solutions
Solutions
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The following are detailed descriptions of the suggested solutions to address the gaps in
Education and Public Awareness raised above. It should be noted that the primary constraint
related to all these solutions is cost. Education and public awareness are investments that are
only expected to give returns in the future.
6.7.1

INCLUSION OF DISASTER PREPAREDNESS EDUCATION IN THE NATIONAL
SYLLABUS

A prerequisite for an efficient response to a disaster is to make people understand why a
disaster happens and what people have to do in case a disaster is approaching or has already
happened. Basic knowledge must be communicated and training of people should be organised
on provincial, district and communal level. The main targets of this grassroots training are
122·~~-
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primary school children. When teaching children in school how to mitigate disaster damage
they can carry the information to their families and households.
Disaster response education in primary schools should provide basic understanding of the
formation of disasters, explain preparedness methods, train basic behaviour in case of flooding
(e.g., with games), make children understand disaster warning signals, practice how to fill sand
bags and basic first aid. Teaching materials like posters with pictograms and illustrated
educational booklets should be used in the classroom and at home.
Organising painting competitions either within a school or community or on provincial, or even
national, level could be a means to create interest of young children in disaster response. A
prize for the best picture could be awarded and the best pictures may be printed in a local
newspaper.
On high school level the education of pupils has to be more profound. Different aspects of a
disaster could be addressed in the various school subjects. Emphasis may be put on the reasons
for a disaster. Geography could explain impacts of soil depletion and deforestation on the
formation of disasters and teach how to use the soil properly. This information should be
spread out to the families. Biology will inform students on the impacts of a disaster on health,
on water use, the use of chlorine pills, and will give first aid training. Computer training
courses should include the design of Digital Terrain Maps (DTM), the training on the use of the
Internet to get information about disasters, and should provide other technical knowledge.
Especially at the high school level, organised essay competitions could create awareness and
interest for this topic. It will ensure pupils do some research into disaster management and
increase their knowledge. Probably the essays will include interesting and innovative ideas that
can be used for further disaster management programmes.
The educational system of Vietnam could serve as example for the other countries on how to
train people on all levels in disaster management. In Vietnam training of people starts already
at primary level with the use of special teaching materials. A very interesting project of the
Vietnam Red Cross Society, building up Shock Brigades of young volunteers, could be
implemented in other countries. In 1996 more than 126,000 youths over 16, assisted in 4000
Shock Brigades all over the country with 20 to 50 members per brigade. They fot extensive
training in disaster preparedness and are on-call for disasters in their community. 3 In Thailand
an Internet network called School Nee7 links many schools together and gives students the
opportunity to exchange information on several topics. School Net could be expanded on
topics of disaster management and training.
The costs will be carried by different organisations. The inclusion of disaster training in the
educational system will not be expensive for the Ministries for Education. However the
production of educational material may require some additional funding from international
organisations. Regarding the implementation it can be short term, mid-term or long term,
whereas considerable success will be only visible after some years.

6.7.2

PUBLICAWARENESS

A disaster management system can only be beneficial if people are aware of the impacts of their
behaviour on the formation of disasters. They must understand disaster warning signals, know
how to react, and know how to work together once a disaster occurs. Therefore special
emphasis has to be put on Public Awareness programmes. One way to create public
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awareness is the education of children in schools who can spread information and material to
their families and households.
In countries that have a well-developed telecommunication system like Thailand,
documentaries and easily understandable scientific programmes as well as short messages and
media spots can increase the awareness and knowledge of the population. In remote areas radio
programmes could be used to spread information. In some of the countries the costs for these
programmes might be compensated by advertisement or subsidised by donor institutions.
Basic information on disaster mitigation and behaviour before and during a disaster could be
given in simple brochures with pictograms for illiterate persons. Brochures can also be used to
convey more detailed knowledge on water use, soil use, and impacts of deforestation and soil
depletion. In this regard Iran could be used as example, where more than 60,000 posters under
the titles "Safety in School", "What to do when an earthquake happens," and "Take the risk of
flood serious" were distributed. 38 The distribution of books for adults and for children will be
another means to raise public awareness. Following again the example of Iran, books for
children could be titled "F as Flooding". These brochures and books can be produced in cooperation with international organisations like UNDP, UNEP or non-governmental
organisations like the Red Cross, that already has material for education.
Another way to get information down to people could be to hang-up posters in public places.
All public buildings could have posters with pictograms on how to behave if a disaster happens.
Regular exhibitions in public places could be organised by the different communities.
In co-operation with international organisations or NGOs, an information bus could be
organised that will travel around the country. The bus will distribute brochures, books and
posters. Trainers will provide one-day training courses for people in the villages and will raise
awareness for soil use and water management.
The timeframe for the implementation will be short, mid and long term.
6. 7 .3

PERSONNEL EXCHANGES

A major gap identified is the difficulty of communicating between various organisations and
institutions involved at all level of disaster management. This is a very "human" problem that
is universally recognised in all areas of society. Solutions that address this problem should
therefore be oriented toward humans. Increased emphasis should be given to Personnel
Exchanges between these organisations to create human-to-human linkages which are often
the most powerful and beneficial.
Personnel exchanges would be arranged between organisation or institution where poor
communication has been identified. An individual for each institution would go for a period of
3 to 6 months to the host institution and work on issues specifically related to the host and
home institutions. The goal is to establish a link on the personal level that can be maintained
upon the return of the individual to his or her home institution. An additional benefit arises
when the goals of the two organisations or institutions are dissimilar and the individuals
involved in the exchange can gain a stronger appreciation and awareness of the many
interrelated issues that make disaster management such a complex endeavour.
Personnel exchanges are possible between many organisations within a country and under
certain instances between countries. One of the main issues to be resolved is cost. Often the
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salary of the individual who is exchanged can continue to be paid by the home institution when
there is a two-way exchange for example, there is a direct exchange of one individual from one
organisation for one individual from the other. Salary is more of an issue when the exchange is
one way. In both cases there also exist travel, living and subsidence expenses. In the case of
the selected countries it is advisable to submit proposals to donor bodies such as the UNDP,
UNEP and others.
Personnel exchanges can be implemented at any time as soon as a need as been identified and
an agreement reached between the pertinent organisations.

6. 7.4

PRIZES

Figure 6-81999 Disaster Manager of the Year

Prizes can be a very flexible and cost-effective tool capable of focusing a large number of
organisation and individuals onto an issue of importance to the prize giver. The desire to
receive recognition and possible financial benefit encourages organisations and individuals to
focus their efforts onto an area chosen by the prize giver. The total combined resources
focused onto the selected area can often significantly outweigh the total invested into the prize.
This in effect multiplies the total invested in the prize by several times making it very cost
effective.
Prizes can be instituted by any number of organisations for any area of choice. Examples of
organisations in South East Asia that could establish prizes include regional organisations (e.g.,
United Nations, ASEAN), philanthropic organisations, or perhaps even by one or more of the
royal families. Whether the prize is awarded to an organisation or an individual is again at the
discretion of the institution and dependent upon its goals and reasons for offering the prize in
the first place. Prizes are also capable of focusing public attention onto the area chosen by the
prize giver, again multiplying the original investment made.
Prizes can be instituted at any time and the award is a simple reflection of the means of the
prize giver. In general, prizes which are awarded on a repetitive basis (e.g., every year or two)
and which focus on recognising outstanding achievement can quickly become very attractive
and sought after. The total cash amount award with the prize can vary from zero to a relatively
significant, but not an excessive sum. This is again completely dependent on the goals of the
prize giver and the public recognition of the prize.
There are very few drawbacks related to prizes and they can be implemented at any time. The
decision to establish a prize is often directly linked to the securing of the funds for the prize.

6. 7.5

TRAINING THE TRAINERS

Training of individuals involved in disaster management is a never-ending activity. The
question is more how to optimise the training resources which are allocated to this area. An
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approach advocated by the UNEP Network for Environmental Training at Tertiary Level in
Asia and the Pacific (NETTLAP) 39 is to focus on Training the Trainers. The solution is to
focus training programmes on staff from universities, technical institutes, and professional and
teacher training institutes. These "trainers" will then return to their home institutions to train
and educate others who are the current and future decisions-makers and managers involved in
disaster management. The main benefit of this approach is to make use of the staff at existing
tertiary level educational institutions in South East Asia and concentrate training funds on the
people who will in tum train a large number of individuals. This allows one to significantly
multiply the original investment made in training.
The same basic theory can already be seen in application in Vietnam. The Vietnamese Disaster
Management Unit (DMU)40 has implemented a programme to develop teaching materials for
use by "master trainers" to provide for disaster awareness and response at the grassroots level.
In addition, the NETTLAP programme has instituted a series of Training and Resources
Development Workshops for staff from tertiary level educational institutions in the Asia Pacific
regwn.
The main issue related to training is its cost. Even by focusing on training the trainers, a
significant investment in establishing appropriate courses in all the areas related to disaster
management - technical courses, organisational management, solicitation of funding, public
awareness - is a challenge. Donor organisations such as the United Nations Development
Program, USAid, AusAid, European Union, in addition to other private funding sources and
funding from the World Bank, Asian Development Bank and so on all have a role to play.
While the best method for advance training remains traditional face-to-face techniques, there
are several options for basic training that can help spread scarce resources farther. These
include the development and distribution of brochures, books and educational videos for
training. As access to the Web becomes more common Web-based training courses can be
created and made readily available at minimal or no cost. Another advantage of Web-based
training courses would be the ability to interact via e-mail with the instructor for the course.
Finally, tele-education techniques which provide higher levels of real-time interaction between
the course takers and the instructor can be implemented on the longer term.

6. 7.6

WORKSHOPS FOR FUNDING SOURCES

It is unrealistic to expect that the national governments of the selected countries will set priority
on disaster management and allocate a significant part of their budget to disaster management
until disaster management has been linked with national environmental issues and
infrastructure development. It is proposed, that Workshops for Funding Sources be created
to demonstrate the wide uses of GIS and other techniques in disaster management and there
benefit to development.
All four national governments are willing to speed up telecommunication and transportation
developments and allocate their own fiscal year budget to such efforts. They may reallocate
some of the fiscal year budget into infrastructure development for a disaster management
system if a link to development is demonstrated. In addition, private companies could also be
encouraged to look for new GIS applications for their business if their governments are doing
so.
It is proposed that the United Nations' agencies and international donors set up workshops at

the region level and international level. To encourage strong participation, participants in the
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workshops should be able to make contacts with international donors and private companies,
such as, insurance companies, remote sensing companies, oil companies, and transportation
companies.
The cost of the workshops may be high and it will be essential to seek participants from highlevels in each country's government. This raises the complexity and risk of the workshop, but it
will also increase the potential benefits.
Setting up such workshops would take one to two years. Once the workshops have commenced
and are proven successful, they can continue repeating in the years to come.

6. 7. 7

MORE MILITARY CONTRIBUTION TO DISASTER MANAGEMENT

After the Cold War, most countries reduced their military structure for economic reasons, and
assigned some part of national development duties to the military. National militaries are
always the most significant actors in disaster management during response activities. These are
obviously common cultures in this region. It is proposed to create more common culture of
military action to disaster preparedness measures by personnel training programmes. Also,
training programmes could improve communication and work co-ordination between military,
civil agencies, and communities.
Local people in Thailand, Vietnam, Lao PDR, and Cambodia highly respect their national
militaries. Personnel training programmes will enable government agencies, communities, and
individuals to respond rapidly and effectively to disaster situations.
In general, national military strategy includes social contributions. Once the military
commander makes the decision to implement this programme, expert disaster management
teams will work closely with staff officers. Expert disaster management teams will plan
training programmes following the "training the trainer" concept. Normally, military target
group listings are on hand and training schedules are easily set up. Personnel training
programmes would be conducted in the army base area and maintained as an annual
programme. The expert teams will evaluate, follow up, and then reports will be published on
its success.
Army bases are available and suitable for disaster management training. Military services may
combine in other training programme to lower costs. The major issue is to convince the
military commanders to implement this programme.
Assuming rapid approval by military commanders, this programme could be implemented
rather quickly. After a year of operations, this programme could be continued if it has
demonstrated its benefits.

6.7.8

THE ENVIRONMENT BROADCASTING CHANNEL· ENVIRONMENT RADIO

Humans both fear typhoons, floods and volcanoes and are awed by their power and devastating
impact. Space scientific advances have led to a better understanding of our earth system,
however many basic and fascinating climate phenomena are still misunderstood by many
individuals the world over. Yet a simple understanding can, sometimes, save lives. Broadcasts
dealing with disasters and other natural phenomena could educate people about the
environment and disasters and respond to the lack of communication between the scientific
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community and non-scientists. This is the primary mission of the Environment Broadcasting
Channel (EBC) and Environment Radio and it responds to gaps identified in chapter 5.
In the first instance, the Environment Broadcasting Channel could be a means for warning of an
approaching flood. The World Meteorological Organisation and space agencies could provide
EBC with the necessary technical support and hazard assessment to make appropriate warnings.
In addition to warnings other educational and training could be broadcast. Japanese experience
in this field concerning earthquakes is a good example.
Environment Broadcasting Channel (or Environment Radio) is proposed to be an independent,
non-profit organisation broadcasting TV and radio emissions from a geostationary satellite to
South East Asian countries. Its headquarters and ground station would be based in a host
country with a sufficient communication infrastructure.
The World Meteorological Organisation, due to its involvement with meteorological centres all
over the world, would be a key partner in providing the necessary technical support to this
Channel. Space Agencies could be helpful by providing real-time data analysis of disasters for
the EBC headquarters.
The funding for EBC could come from environmental projects in the selected countries, plus
additional support from donor institutions such as the UNDP. In addition, the countries may
offer capacity on their national communication satellites for no or low-cost and the sale of
programming to other channels for a small fee could help defray the costs.
The Rio Declaration for Environment and Development gives the international legal
background of the EBC according to Principles 10 and 18. The Environment Assessment
Program for Asia and Pacific, UNEP EAP-AP, and the UNDP decade for disaster management
are also helpful for finding funds and legal support for Environment Broadcasting Channel.
The Environment Broadcasting Channel has a cost comparable to existing national TV
channels. If the EBC's cost were shared with the selected countries, the cost per partner could
be relatively small compared to the benefits received. The implementation of EBC could be
relatively short term and could be put in service within two years.

6.8

OUT OF THE Box IDEAS

6.8.1

"FLOOD WATCH"

Entertainment is a powerful means to transmit ideas and to influence the opinions of the public.
This has been demonstrated repeatedly in countries around the world. Would it not be possible
to capitalise on the power of television programming to transmit useful messages about
flooding? For example the creation of television drama entitled "Flood Watch" could dramatise
the issues faced by a town undergoing a flooding disaster. The programme is meant to be
entertaining and educational at the same time, dealing with issues closely held by the target
audience. The programme could be produced in Thailand and could be dubbed and distributed
to the three other countries in this report.
Other programming could be created targeted at younger audiences. Or perhaps popular music
could be another means of using the mass entertainment market as a tool for education and
public awareness.

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

Any programmes created should generate profit for the producer and to apply widely to the
South East Asia market. The largest difficulty is creating a programme which audiences will
find entertaining. Technical and programming advice could be sought from major producers of
television and music programming.
The timeframe of development would be medium to long term due to the time required to
create the programme.

6.8.2

FUTURE WEATHER INFLUENCE SYSTEM

Weather modification was an active subject of research during the 1960s and 1970s, basically
in dry US states like Texas. Its main objective is to temporarily alter weather conditions of a
certain area to achieve a beneficial effect without harming people or the environment.
Research has been concentrated on the intentional treatment of individual clouds or storm
systems to modify rainfall over a certain area. Under proper conditions, one or more of the
factors that determine the initiation and amount of precipitation of a cloud system can be
modified.
These factors are:
)>

Vertical and horizontal dimensions of clouds

)>

Lifetime of the clouds

)>

Size and concentration of cloud droplets and ice particles

If the goal is to accelerate the initiation of rain or increase the precipitation, those parameters

may be modified by seeding the clouds at the proper time and place with appropriate
condensation nuclei - these are the particles around which cloud droplets are formed. Cloud
seeding can be done using pyrotechnic seeding devices.
A voiding or reducing precipitation is more difficult. In principle, sufficiently advanced seeding
of incoming weather fronts could decrease precipitation over ·a given area, such that the
majority of moisture is dumped out of the clouds prior to their arrival at the area of interest.
The timeframe of application and the costs of a technology that is not proved is very difficult to
estimate. If the technology is eventually possible the potential use could be so big than even
the concept of a meteorological disaster would be changed.
The environmental consequences of the applicability of this technique must to be taken into
account due to the possible influence in the climate of different regions. This· interrelation will
surely have policy implications because of these international effects.

6.9

CONCLUSIONS

This chapter has outlined a large number of potential solutions to gaps identified in the disaster
management systems of Cambodia, Lao PDR, Thailand, and Vietnam. SEADS has tried to
bring its unique perspective to bear by suggesting a number of original solutions to these gaps.
It is intended that the reader of this report will select those proposed solutions which best fit
their actual situation. Additionally, it is hoped that these suggestions will be a source of
inspiration to propose additional solutions.
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6.9. 1

ADDRESSING THE PRIORITY GAPS

The solutions can address a broader range of gaps than shown in the matrices (Table 6-1, Table
6-7, Table 6-8). For example, technology gaps may have both technology and policy solutions
and educational gaps may have a technology solution. In addition, there may be correlation
between solutions that will make the "whole" of the solutions greater than their sum. This is
due to feedback and feed-forward connections between the solutions.
In order to demonstrate this, a set of solutions has been selected for the principal gaps identified
in chapter 5 taking into account the existing systems defined in chapter 4. It is certain that
more than one set of solutions could fill the identified gaps. It is felt that this set of solutions
provides an example of how to approach the selection of solutions that will depend upon
specific gaps.
The set of solutions that were selected for this case will allow several conclusions to be drawn
that are applicable to all sets of solutions. A requirement correlation matrix is ideal for
showing the complex relationships between gaps and solutions and between the solutions
themselves. A "•" in the correlation matrix shows a strong interaction and a "+" shows a
secondary interaction. A close examination of the Requirements Correlation Matrix Table 6-9
for the priority gaps identified in chapter 5 clearly shows the central role of the communication
solutions. The matrix, which relates the gaps to the solutions, indicates a strong or secondary
interaction between the majority of the gaps and solutions. In addition the solution correlation
matrix on top of the gap versus solution matrix shows that the communications solutions are
important for linking the set of solutions as a whole.

130·~~·

~-u

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

Table 6-9 Requirements Correlation Matrix
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PROGRESSIVE IMPLEMENTATION

The following timeline shows how the above set of solutions may be progressively
implemented for these priority gaps. Most of the policy solutions and the terrestrial-based
communication solution could be implemented in the short term. The remaining solutions, with
the exception of the remote sensing constellation, could be implemented in the medium term.
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2000

2002

2005

2010

Figure 6-9 Timeline

Part of the implementation plan is to consider the cost of each solution and take into
consideration frcm the start how to plan the implementation in a cost-effective manner. In this
case, all of the lower cost solutions are implemented first. As confidence grows in the
implementation, other more costly solutions can be implemented because they may also bring
added benefits that come with the added cost. The communications solutions are again a good
example. The Internet, private WANS, and terrestrial lines are first utilised. Next, the higher
technology solutions are implemented. This allows for a gradual move to more capable
solutions and possibly also utilising the high tech solutions for other applications, for example
development.

6.9.3

FUNDING

The key constraint that limits all efforts in disaster management is funding. This is such an
overriding factor that funding is being treated separately from the other gaps identified in
chapter 5. It is clear that a blank cheque for disaster management is not a reasonable approach.
Instead, funding for disaster management must be viewed as a by-project issue. A specific
project is proposed to donor institutions for funding. The project must stand on its own merits
in comparison wil:h other equally worthy proposals seeking funding.
In the first instance, solutions have been proposed that have small or no cost associated with
them. If there is no or little cost involved, then the funding issue is much less significant. In
several cases, the solution's aim is to improve current efforts to make them more efficient and
cost-effective. Other solutions are multi-use, for example telecommunications improvements
and so their cost is borne over a much larger range of programmes. Finally, some solutions are
specific to disaster management and in this case effort was made to only use existing
technologies and not to create anything new. In the end, however, funding must be raised to
cover the costs of some solutions and it is useful to consider the issue of funding from an
overall perspective.
There are several initiatives that can be undertaken to improve the prospects of receiving
funding for disaster management projects. Key among these are marketing efforts directed at
funding institutions to highlight the importance of investment in disaster management and to
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clearly demonstrate the cost-benefit of such an investment. Needless to say, every organisation
seeking funding employs marketing strategies and some are more successful at this than others.
Another avenue is to try to increase possible sources of funding. A common trap is to
continuously return to the same funding sources for each project. In fact, continuously seeking
new funding sources can increase the total support received and provide a cushion when
specific sources dry up. For disaster management, it is suggested that a non-traditional source
of funding could come from private entities such as insurance companies, consulting companies
and other value-added enterprises, for example satellite data vendors. The possible total
contributions from such organisations are probably lower than traditional donor institutions,
like UNDP, but it does open up new opportunities.
6.9.4

SEADS IMPLEMENTATION PHASE

1: SEADS SUBMISSION TO END-USER

In order to promote SEADS to the end-user, the national governments, the governmental
organisation in each country that has the official responsibility for disaster management has to
be identified. This organisation could be termed the National Disaster Community (NDC) for
each country. Each NDC is responsible for all aspects of disaster management within their
respective country including the identification of new projects. The NDCs would have a clear
interest in the SEADS report.
There are two potential channels of distribution of the SEADS report: direct and indirect. The
direct channel for distribution is to approach straight to the NDC's. The indirect channel is a
collaboration with international organisations (NGOs or private sector), and regional expertise
centres (ESCAP/WMO, MRC, ADPC, or TC). The international organisations are often the
potential funding sources, while the regional expertise centres usually are the providers of the
technical capability. Both the international organisations and the regional expertise centres are
excellent co-operative groups who will facilitate the identification of the proper governmental
officials in the NDC for report distribution. They have a strong commitment to natural disaster
management regionally and would therefore be valuable advocates for the SEADS report.
INTERNATIONAL ORGANISATIONS
(NGOs and private sector)
- Funding sources -

INDIRECT
NATIONAL DISASTER COMMUNITY
- Official organisations Cambodia

LaoPDR

Thailand

Vietnam

REGIONAL EXPERTISE CENTRES
- Technical capacity -

I

ADRC

I

II

MRC

AIT

II

II E~/

INDIRECT

TC

Figure 6-10 SEADS Report Submission to the End-User
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6.9.5

SEADS IMPLEMENTATION PHASE 2

: SOLUTION IMPLEMENTATION

The implementation of solutions should be undertaken by existing organisations related to
disaster management, in particular the NDC. The following organisational structure is one
feasible option to follow for solution implementation (Figure 6-11). All the NDCs from each
country should join together to work on common goals such as regional standards, information
and experience sharing, and training. International organisations and the private sector
represent potential funding sources for the realisation of disaster management projects. The
regional expertise centres provide the technical ability and regional infrastructure to consult in
the implementation of the proposed solutions. Also, they are potential channels to mobilise
funding sources. Local NGOs and universities are the link to community projects and are in the
front line of disaster problems, so they could implement the solutions directed by the NDC and
the expertise centres.
GOVERNMENTAL INSTUTIONS
- Ministers-

.J

""'

1

,
~

REGIONAL NATIONAL DISASTER COMMUNITY
~
AND
- Official organisations NATIONAL
LEVEL

l

Cambodia

I

Thailand

I

H
~

Lao PDR
I

Vietnam

I

I

""'-

""'

INTERNATIONAL ORGANISATIONS
(NGOs and private sector)
- Funding sources -

1
REGIONAL EXPERTISE CENTRES
-Technical capacity-

,..

-"-

B~ I E~~'I
~I'

I'
LOCAL
u ;vEL

PROVINCES/DISTRICTSNILLAGES
I'
- Beneficiaries -

B~

,

NGOs/UNIVERSITTIES
- Link to community -

Figure 6-11 Implementation Organisation Structure
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7

SPIN·OFFS
Each problem that I solved became a rule which
served afterwards to solve other problems.
Rene Descartes

7.1

INTRODUCTION

The main added value of any solution to a given problem is its potential to fully or partially
solve other problems. This capability dramatically increases· the return on investment for that
solution.
This chapter presents the vast range of different applications of the solutions presented in
chapter 6, the so-called spin-offs from those solutions. In other words, potential applications
for which the different solutions were not originally designed.
The definition for the purpose of SEADS is:
Spin-off: Leveraging disaster management technologies and programmes and applying
them to aspects not directly related to natural disaster management.

7.2

SPIN·OFFS

The main spin-off of SEADS is its approach to disaster management. This approach is a
general method for implementing disaster management systems in other regions of the world,
for all types of hazards. The method starts by assessing the current situation of the region under
consideration, comparing it to an ideal model to identify gaps and areas for improvement, and
finally recommending solutions to the shortcomings found. Several benefits and areas of
application would result from such a comprehensive disaster management. These benefits can
be thought of as general spin-offs.
The main solution areas depicted in chapter 6 have specific spin-offs. These areas include:
};:>-

Communications, such as small satellite constellations, high-speed terrestrial lines, wireless
technologies, etc.

};:>-

Technologies required for digital elevation models (DEM), Risk maps, modelling and landuse scenarios, such as remote sensing and geographical information systems (GIS) fed with
high quality data.

Disaster management based on remote sensing techniques and high quality geographic
information systems is potentially applicable in many other fields. These potential applications
may be easily implemented from a technical point of view, once a solid disaster management
programme is in place. However, in order that these applications may be implemented
successfully they must incorporate the philosophy that characterises comprehensive disaster

SP!N-OFFS

management: co-operation between different national agencies and institutions, appropriate
legal frameworks and multi-disciplinary work, which may not be such a simple task.
7.2.1

GENERAL SPIN·OFFS

ENVIRONMENT, FORESTRY AND LAND DEGRADATION

There is a critical correlation between disaster management and environmental issues. A factor
that increases the potential for flooding, for example, is large-scale deforestation and
inappropriate farming practices, particularly the cultivation of marginal lands without soil
conservation measures and adequate watershed management. Therefore, any comprehensive
disaster management system, if initially planned for operation even in the absence of disasters,
may be automatically used for environmental and bio-diversity management. Table 7-1 shows
the main environmental hazards affecting the selected countries.
Table 7-1 Environmental Factors and Country Breakdown1
Spin-off Opportunities

Thailand

Vietnam

Unexploded Ordnance
Deforestation
Soil Erosion
Potable Water
Air Pollution
Water Pollution
Strip Mining
Habitat Loss
Population Migration

~-- ---

j

MAN·MADE DISASTERS

Both natural and man-made disasters can be integrated into a global disaster management
system. The main difference between the two, from a technical perspective, is in the
characterisation method of the different hazards. Oil spills from ships and petrol platforms can
be detected and monitored using satellite data. These together with many other man made
disasters can be identified from space once their characteristic spectral patterns are known. The
usefulness of this capability is enormous. It ranges from the co-ordination of cleaning activities
to the identification of the responsible ship and may include an assessment of the magnitude of
damage to the ecosystem, which in tum can help in establishing penalties for those corporations
that are liable. A good communications infrastructure and a well co-ordinated warning and
response system for natural disasters are also applicable in the case of man-made disasters such
as chemical contamination.
GLOBAL CLIMATE MODELLING

A comprehensive disaster management system for floods will generate reliable data that can be
used as an input to global climate models in accordance with international environmental
efforts. This will hep the selected countries to contribute significantly and substantially to
future Earth Summits.
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7 .2.2

SPECIFIC SPIN·OFFS

TERRAIN MODELS AND MAPPING

One direct benefit from high-resolution satellite radar data is their use for creating DEMs, from
which the slope at any point can be very accurately obtained. Once integrated in a GIS, this
information constitutes a valuable source of detailed and accurate topographic maps. These
maps are very important for public infrastructure planning, civil engineering and national
security.
Once a DEM has been obtained, optical and radar data can be easily rectified into map coordinates. This greatly enhances the value of synthetic aperture radar (SAR) data in
mountainous areas.
WATER RESOURCE MANAGEMENT

Flood management is directly related to water resource management. This is a much wider
subject and covers, among others, aspects like surface and subsurface water storage,
management of irrigation water, watersheds and water quality monitoring and management.
The goal is to establish a linkage between water availability and demand to permit a more
efficient use of this valuable resource. 3
MARINE RESOURCES

A more efficient use of marine resources can also be achieved using the technologies involved
in disaster management. Water surface temperature may be determined from satellite thermal
infrared observations to help recognise features such as eddies, current boundaries and thermal
gradients. This allows forecasts indicating potential fishing zones, and is very useful for those
species threatened by over-fishing or requiring a very narrow temperature range to survive. 3
GEOLOGICAL RESOURCE MANAGEMENT

Remote sensing pictures integrated in a GIS and enriched with data obtained from ground
measurements are a valuable source of information for geological studies and mineral resource
management. 3
LAND USE, AGRICULTURE AND SOIL INFORMATION

Land use and cover assessment and monitoring is another spin-off from remote sensing and
high quality GIS. Its important applications within the selected countries are: soil information,
forest types, crop control, production estimates, deforestation monitoring these are but a few of
the parameters provided by remote sensing observations and the efficient use of GIS. They can
also be used for agricultural planning including reforestation, import-export negotiations and
storage, or pricing and distribution of agricultural commodities. 3.4 An example of this was the
Princess Project in Thailand, in which GIS was used to improve the results of land suitability. 5
COMMUNICATIONS

The communications solutions proposed in chapter 6 could play a fundamental role in the
development and implementation of long distance education, personal communication services.
The communication infrastructure solutions proposed were aimed at leveraging existing
technologies and systems for use in disaster management. Assuming these systems are
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implemented they may also have many spin off, dual or multi-use applications. The
technologies introduced range from basic terrestrial wireless paging, to space based paging
systems, TV and radio broadcast via satellite, VSAT system and high-speed landlines.
OTHER

The range of additional spin-off applications is vast: coastal geomorphic change,
epidemiological control and so on.

7.3

DEVELOPMENT PROGRAMMES

Once again, the strong relationship between disaster management and development must be
emphasised. Generally, the more developed a country the better prepared it is to face natural
hazards. Therefore, the damage in terms of fatalities and economic losses is usually lower in
these countries than in less developed countries facing similar hazards. Development
programmes must therefore, among other objectives, address disaster management. Natural
disasters can ruin years of development plan efforts, as did hurricane Mitch Central America in
1998. This leads to a vicious cycle. Therefore disaster management is a key in promoting
development and combating poverty in developing countries and should be integrated into
existing development programmes.

7.4

CONCLUSIONS

From the previous examples, it is evident that disaster management and its spin-offs, if
implemented correctly, can play a fundamental role in country development issues. Better
planning of rural development can also be achieved, which is of critical importance in
developing countries. In addition, national security can benefit from the technologies used.
Figure 7-1 summarises the disaster management spin-offs.

Figure 7-1 Disaster Management Spin-Offs
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8 CONCLUSIONS AND
RECOMMENDATIONS
It is one of the beautiful compensations of this life
that no one can sincerely try to help another without helping himself
Charles Dudley

August 1999, an earthquake in Turkey killed tens of thousands, a landslide in the Philippines
destroyed a community, a typhoon hit Hong Kong and floods occurred in China, Korea,
Cambodia and Thailand.
Disaster management should be a priority for all these nations because significant death and
destruction continues. Rarely does the pain resulting from a disaster lead to the implementation
of a truly effective disaster management system. It is often perceived that the cost to
implement the "ideal" disaster management system is far in excess of the benefits that will be
accrued. This is clearly a short term perspective because a disaster management system adds
long term vitality to the country. It enhances development efforts, improves the environment,
and meets human needs for security, protection and prosperity.

8. 1

APPROACH

As articulated in our mission statement, the endeavour undertaken with this project was a
challenging one. SEADS mission is to "Design a cost-effective disaster management system
for South East Asia covering preparedness for, mitigation of, response to and recovery from
natural disasters". In other words:
);;>

accessible and implementable solutions

);;>

for all countries in South East Asia

);;>

from long term before to long term after the disaster

);;>

for all types of natural disasters

Implementation by the year 2005 was set as an additional requirement to allow for any
necessary forecasting about emerging technologies. However, after 2005 implementation will
continue based on the adopted progressive implementation philosophy.
The most important constraints arise from social, economic and political issues. However,
research and interviews with individuals working day-to-day in this field led to the conclusion
that there is a strong desire and willingness to overcome these barriers.
The approach was to observe and understand the current situation in relation to disaster
management within South East Asia. Based on analysis of this situation a number of solutions
was recommended addressing the current shortcomings. The readers of this report may select
those that are best suited to their needs. Although starting with the larger issue of disaster
management in South East Asia SEADS is focussed on flooding in Cambodia, Lao PDR,
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Thailand and Vietnam. A methodology has been developed that would allow the findings to be
applied to other nations, hazards and disasters.
The solutions proposed address all the phases of disaster management and include
technological, policy, legal, education and public awareness approaches. SEADS mostly
recommends solutions that are based on current practises and technologies to minimise the cost
of their implementation.

8.2

PRINCIPAL FINDINGS

A lack of skilled human resources combined with low funding has kept the selected countries'
progress, in the field of disaster management, at a low pace. However, no country in the world
has solved the problem of disaster management completely and the four countries are actively
trying to implement improvements in their approach to disaster management.
The most important findings are:

»

At the international and national levels, there is a lack of precise and comprehensive
legislation to provide policy framework.

»

Increasing awareness and work co-ordination between national governments on disaster
management is required at local, regional and national levels.

»

The existing remote sensing data and related technology will be valuable for the purpose of
cost-effective disaster management.

»

There is good national and regional capacity in place in terms of technology, national
indigenous expertise as well as international co-operation.

»

Systematic training on disaster management and environmental issues are missing as part of
a national policy.

»

Flood-warning systems are not reliable. There is no consistent standard and the procedures
for issuing warnings should be improved by introducing the appropriate communication
infrastructure.

»

Lack of hazard risk maps.

8 .3

RECOMMENDATIONS

Based on identified gaps in the current disaster management system, SEADS identifies a
number of solutions and recommendations. The principal recommendations made are the
following:

»

Base maps and prediction models using data processing and GIS tools should be further
improved to increase their reliability.

»

Improve the communication infrastructure for warning and other aspects of disaster
management. This can be done by connecting existing systems and applying appropriate
and affordable solutions.

»

Communication and co-operation between governments and organisations involved in
disaster management should be improved.

»

Hazard and disaster topics should be incorporated into the national education syllabus and
the training of people involved in disaster management should be improved.

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

};;>

Existing national disaster relief laws should be firmly enforced and appropriate additional
legislation enacted.

All recommendations are proposed to be implemented in a progressive way. This allows for an
initial low-cost low-tech phase and for future expansion into advanced, more costly solutions.
Progressive implementation also implies that the solutions may be applied in other countries
and for other disasters.

8.4

FUTURE DIRECTIONS

This report is only a beginning and there are opportunities to continue this work. In our
opinion, this report could be used by the National Disaster Communities for the improvement
of the current initiatives with regard to flood disaster management. The implementation of
SEADS could be carried out in conjunction with the existing regional expertise centres and in
close co-operation with the international community. Furthermore, the successful disaster
management programme should be expanded to manage other natural disasters. It is our belief
that the South East Asia Disaster Management System will pave the way for the development
of an integrated national and regional approach for natural disaster management and
environmental issues.
We hope the "SEADS" we have planted will sprout and grow to serve our shared planet.
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APPENDIX I
NATURAL
DISASTER TYPES AND DEFINITIONS
The main natural hazards and disasters are divided into two groups: weather-related
(meteorological) or geology-related (geological).
The three main meteorological disasters are:

Flood - "Any relatively high water flow that overtops the natural or artificial banks in any
portion of a river, stream or coastal area - when a bank is overtopped, the water spreads over
the flood plain and generally becomes a hazard to society". 1 Flooding can occur in many
forms, including:
);;>

River Floods - From winter and spring rains coupled with snowmelt, or torrential rains from
decaying tropical storms and monsoons. In general, they are associated with meteorological
hazards, except when caused by landslides, which are geological hazards.

);;>

Coastal Floods - Generally result from tropical cyclones bringing storm surges, or undersea
earthquakes and volcanoes causing tsunamis. Although they are very destructive, these
kinds of floods are less common than those found inland. Further, their geographical
distribution is confined to specific areas; 4

);>

Urban Floods - When extreme meteorological events occur in areas characterised by high
urbanisation, the flooding can be extensive, resulting in great damage and loss of lives.
Urban building increases runoff 2 to 6 times more than what would occur on natural terrain.

);>

Flash Floods - Can occur within minutes or hours of excessive rainfall, dam or levee
failure, or sudden release of water. The very short lead-time for the development of flash
floods does not permit useful monitoring of actual river levels for warning purposes. 4

Tropical Cyclone · "Intense cyclonic storm which forms over warm tropical oceans and
threatens lives and property primarily in coastal locations of the tropics, subtropics, and eastern
continents in mid-latitudes. "2 The term "tropical cyclone" is also generally applied to
hurricanes (in the USA and the Caribbean, when the wind speed is greater than 33rnls),
typhoons (in the west of the Pacific Ocean), tropical storms and tropical depressions (i.e. all
locations, all intensities). Tropical cyclones derive their energy primarily from evaporation of
the sea in the presence of high winds and lowered surface pressure, and the associated
condensation in convective clouds concentrated near their centre. 3
Drought - "A temporary reduction in water or moisture availability significantly below the
normal or expected for a specific period" 4 . Meteorological drought involves the reduction of
rainfall in a week, month, season or year. Hydrological drought, on the other hand, occurs as a
result of water table depletion, with reduced stream flows, lake levels and underground
aquifers. Drought affects very large areas for months and years and thus has a serious impact
on regional food production and the economic performance of large regions or several
countries. It may also affect life expectancy for entire populations.
Drought is a normal, recurrent feature of climate, although many :mjstakenly consider it a rare
and random ev-:'!nt. It occurs in virtually all climatic zones, although its characteristics vary
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significantly from one region to another. Drought is a temporary aberration and differs from
aridity since the latter is restricted to low rainfall regions and is a permanent feature of climate. 5
The two most important geological disasters are:

Volcanic Eruption · An opening in the earth's crust through which melted rock, or magma,
rises to the surface from deep inside the earth and spills out as lava. Most volcanoes occur
where tectonic plates move against, bump into, or slide under one another. The friction and
tremendous pressure opens cracks or holes in the crust. Cooled lava hardens to build up the
sides of a volcano. Thicker magma, instead of flowing away, can cool quickly and clog the
throat of the volcano until the build-up of gases makes it erupt violently. A volcanic eruption here used to describe all volcanic activity - can pollute the atmosphere with ash, steam, and
poisonous gases. There are about 1,000 active volcanoes in the world (some are submarine),
many of them circling the edge of the Pacific Ocean to form the "Ring of Fire". 6 In addition to
the destruction caused by the force of the eruption and lava flows, other volcanic hazards
include ashfall and mudslides. A lahar is a fast moving mudflow of volcanic ash and debris.
During heavy rains, lahars can transport and deposit a huge amount of mud in a short time. Ash
plumes injected into the atmosphere also pose dangers to aircraft flying through them. The ash
can block air intakes, melt onto turbine blades, cause loss of engine performance and electrical
discharges. Chemicals and particles (silicates, acid aerosols) from large eruptions may cause
climatic changes.7
Earthquake· "A release of the strain energy which has been accumulated in a range of rock
area I volume compressed by tectonic plate motions." When the focal area is under the sea, the
earthquake may cause tsunamis. 4 The tectonic plates consist of an outer layer of the Earth, the
lithosphere, which is cool enough to behave as a more or less rigid shell. Occasionally, hot
magma finds a weak place in the lithosphere to rise buoyantly as a plume, or hotspot. The
brittle behaviour of the lithosphere causes it to fracture in an earthquake. There are three main
plate tectonic environments: extensional, transformational and compressional. Plate boundaries
in different localities are subject to different inter-plate stresses, producing these three types of
earthquakes. Each type has its own special hazards. At spreading ridges, or similar extensional
boundaries, earthquakes are shallow, aligned strictly along the axis of spreading, and show an
extensional mechanism. Earthquakes in extensional environments tend to be smaller than
magnitude 8 (measured on the scale of Richter). At transforms, earthquakes are shallow,
running as deep as 25 km; mechanisms indicate strike-slip motion. Transforms tend to have
earthquakes smaller than magnitude 8.5. At compressional boundaries, earthquakes are found
in several settings, ranging from the very near surface to several hundred kilometres depth.
Compressional boundaries are host to the largest earthquakes with some events on subduction
zones having exceeding magnitude 9 (e.g., Javan trench in Indonesia). 8
Some other important natural disasters include:

Tsunami · Huge sea waves generated by various phenomena: undersea volcanic activity,
landslides or fa~lt movement of the sea floor accompanying an earthquake. They are
geologically caused hazards that severely affect the nearby coastal areas and cause disasters;
they can cause catastrophic loss of life, coupled with huge impact damage. The famous
Krakatau volcanic eruption of 1883 in Sunda Straits, Indonesia, generated a 35-meter high
tsunami, causing the deaths of 36,000 people. Since it may take only a few minutes for a
tsunami to travel from where it is generated to the nearby coastal areas, there may not be
enough time for adequate warning to be given. 9
150·~~·
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Landslide- "Abrupt short-lived geomorphic events that constitute the rapid downward motion
of soil and rock materials occurring in sloping terrain." They pose serious threats to settlements
and structures that support transportation, natural resources and tourism. Their triggering
mechanism may include excessive precipitation, earthquakes, or deforestation, which upset the
natural stability of the slope, resulting in falling, sliding or the flowing of landmass due to
gravity. 10 Secondary effects of landslides, such as waves generated by landslides entering
rivers or other bodies of water, can also be very destructive. There are different types of
landslides: rock avalanches, debris flows, slumps and slides. 11
Fire - Lightning igniting dry vegetation is the principle natural cause of grass and forest fires,
but arson, often occurring during the summer season, and deliberate burning to clear land for
cultivation are also responsible for destructive wildfires. Huge fires, often resulting from
uncontrolled burning for land clearance, have been responsible for major smoke and haze
incidents throughout South East Asia in recent years.
Two major (human-made or human-induced) causes of natural disasters, such as flooding, are:

Deforestation - This is one of the major means whereby humans have direct influence on the
onset of natural disasters. Deforestation results from increased firewood collection, agricultural
expansion, and overexploitation of forests for timber. The erosion and increased water runoff
associated with deforestation lead to silt accumulation in rivers, which prevents rapid drainage
during heavy rainfall. When people overpopulate the fertile floodplain, deforestation can have
a fatal impact on the environment.
Soil Erosion - Soil erosion is the washing away of fertile topsoil, with the resulting increase in
water runoff and decrease in vegetation. Soil erosion can be caused by wind or water runoff in
areas where the natural vegetation cover has been significantly reduced, due to drought, poor
land management practices, such as overgrazing or over farming, or the destruction of forests
for timber or agriculture. Soil erosion is a major environmental threat to the sustainability and
productive capacity of agriculture. Over the last forty years, nearly one-third of the world's
arable land has been lost by erosion. It continues to be lost at the rate of more than 10 million
hectares per year. With the addition of a quarter of a million people each day, the world
population's food demand is increasing at a time when per capita food productivity is beginning
to decline. The excessive sediment yield caused by soil erosion contributes to increased
flooding in river systems and is resulting in lower-value wildlife habitat and degraded fishery
value.
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APPENDIX II DISASTER IMPACT
IN SOUTH EAST ASIA
II. 1

BRUNEI DARUSSALAM

Population: 315,292
Population Growth Rate: 2.44%
Total area: 5,770 sq.km
Capital: BANDAR SERI BEGA WAN
DISASTERS: no data available

map: see Malaysia
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11.2

CAMBODIA

Population: 11,339,562
Population Growth Rate 2.51%
Capital: PHNOM PENH

J. A 0 P.D.R.

TJIAJLANV

Table Il-l Cambodia
Year
before '90s

Disaster

Dead

Injured ·

Displaced

Cost (US$)

650,000

3,800,000

12,000

90,000

72,000

950,000

no data available

1991

Flood

1994

Flood

1996

Flood

59

Aug-99

Flood

4

2
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11.3

INDONESIA

Population: 212,941,810
Growth Rate: 1.49%
Total Area: 1,919,440 sq.km
Capital: JAKARTA

·and

~etnam
South Chin~

Sea

.~.~
-

CeJehes
Sea

Indian Ocian

{\
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Table /l-2 Indonesia
Year

Disaster

Dead

Injured

Displaced I
Affected

I984

Earthquake

-

100

2,000

II8

101

16,000

I987

Earthquake

I987

Earthquake

I989

Earthquake

59

15

200

I990

Earthquake

5

36

7,000

I99I

Earthquake

-

-

-

I99I

Earthquake

23

I8I

I992

Floods

84

Earthquake

2500

2000

Volcano

7

I8

450

Landslide

I9

Volcano

4

5

3450

Storm

5

30

Floods

I07

Landslide

I5

Floods

82

Earthquake

447

Volcano

67

Landslide

4

I993

I994

I5,000

5,I28,200.00
IOOOO

I996

350,000.00
I2000

2308

200000

I72,200,000.00

2000
5
5,000,000.00

II6

500,000.00

Landslide

9

3

Earthquake

96

2069

Storm

I

Earthquake

110

45

Floods

I99

34

90
2,500,000.00

Volcano
I997

83,000,000.00
6,500,000.00

Floods

Landslide

5,500,000.00
82,000,000.00

Fires
I995

Cost($)

5,000,000.00
194150

I33,400,000.00

3000
I7

4

Floods

2500

Volcano

3

Nov-97

Drought

500

98

Fire

Sep97-May98

Drought

Jul-98

Volcano

Nov-98

Earthquake

I

8000
50,000,000

88,I6I,781.00
10,470,000.00

I,OOO
25

88
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11.4

LAoPDR

Population: 5,260,842
Population Growth Rate: 2.76%
Total Area: 236,800 sq.km
Capital: VIENTIANE

''"If

of
l'onkhr

T II A IJ..Hti!J
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Table l/-3 Lao PDR
Year

Disaster

Cost
(US$)

Region

Year

Disaster

Cost (US$)

Region

1966

Large Flood

13,800,000

Central

1980

Flood

3,000,000

Central

1968

Flood

2,830,000

Southern

1981

Flood

682,000

Central

1969

Flood

1,020,000

Central

1984

Flood

3,430,000

1970

Flood

30,000

Central

1985

Flash flood

1,000,000

1971

Large flood

3,573,000

Central

1986

Flood and
drought

2,000,000

1972

Flood and
drought

40,000

1990

Flood

100,000

Central

1973

Flood

3,700,000

1991

Flood and
drought

3,650,000

Central

1974

Flood

180,000

1992

Flood,
drought and
forest fires

302,151,200

Central and
northern

1976

Flash flood

9,000,000

Flood and
drought

21,827,927

Central Southern

Flood

21,152,400

Central Southern

33,000,000

Central Southern

1,196,614

Central Southern

Central

1'. 1993
1:.

1977

Severe
Drought

15,000,000

1978

Large flood

5,700,000

1979

Flood and
drought

3,600,000

1994

I• 1995 Large Flood
1997

I~

Flood and
drought

Oudomsay
Province

Table l/-4 Lao PDR
Year

Disaster

before 1995

Dead

Injured

Dlsp/Assls.

no data available

1995 Flood
1996 Flood
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Cost

15,000,000
30

3,000

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

11.5

MALAYSIA

Population: 20,932,901
Population Growth Rate: 2.11%
Total Area: 329,750 sq.km
Capital: KUALA LUMPUR

J>H/1, /PPI /'<ES

S.mrlt C..1tltH•

Sett

0

/NDONES/ .4

Table II-5 Malaysia
Year
before 1996
1996

Disaster

I

Dead

Injured

Disp/Affect.

Cost

poor data available
Storm

I

270

3,000
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11.6

MYANMAR

Population: 47,305,319
Population Growth Rate: 1.65%
Total Area: 678,500 sq.km
Capital: RANGOON

J .V/H.4
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Table II-6 Myanmar
Year

Disaster

Mar-84

Dead

Injured

Displaced

Cost($)

Fire

23,250

33,00(),000

Apr-84

Fire

6,900

Mar-86

Fire

20,500

Jan-87

Fire

-

7,200

Mar-88

Fire

113

20,000

Feb-89

Fire

Aug-89

Fire

Jan-91

Earthquake

Apr-91

Fire

Jul-91

Flood

17,570

Jul-91

Flood

15,000

Aug-91

Flood

23

239,000

May-94

Cyclone

17

65,000

Apr-95

Fire

Jul-95

Earthquake

Oct-95

Flood

51

20,000

Jul-97

Flood

68

104,000

Aug-97

Flood

31

768,000

Sep-97

Flood

21

360,000

22,324

48,000,000

1

9,500

34,000,000

27

28,000

10,000,000

4,558
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II. 7

PHILIPPINES

Population: 77,725,862
Population Growth Rate: 2.09%
Total Area: 300,000 sq.km
Capital: MANILA
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Table /l-7 Philippines
Year
1984
1984
1984
1985
1985
1986
1986
1986
1987
1987
1988
1988
1989
1989
1989
1989
1990
1990
1990
1991
1991
1992
1993
1993
1993
1993
1993
1993
1994
1994
1994
1994
1994
1995
1995
1995
1995
1996
1997
1998
Sep-98
Dec-98
Feb-99
Aug-99

Disaster
TC
TC
Volcano
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
Flood
TC
TC
Flood
Volcano
Volcano
TC
TC
TC
TC
Volcano
Volcano

EQ
Storm
Storm
TC
TC
Flood
Storm
Storm
TC
TC
TC
Fire/Or.
Flood
TC
Flood
Flood

Dead
862
939

Injured

81
100
11
23
89
9

656
128
196
7
22
30
94
12

56

Cost($)
100,000,000
216,700,000

1
420,000
82,529
200,000
644,608
10,000
700,000
1,000,000
2,000,000
12,000
140,000
332,000
486,000

62,000,000
2,500,000
1,200,000
6,000,000
30,700,000

160,000
3,000,000
700,000
1,035,870
803;971
29,413
366,217
1,941,531
994,478
108,000
108,000

508
3,956
617
800
2
45
88
245
77
77
74
45
68
3
12
4
35
88
722
20
17
27
8
39
152

Displaced
1,495,738
1,237,224

60,000
274,474
85,000
90,000
178,803

5
32

37,196
1,600,000
36,815
810,105
3,600,000
70,512
51,785
1,300
64296

25,300,000
32,000,000
280,000,000
4,300,000
11,700,000
61,000,000

388,500,000
200,000,000
74,200,000
440,000
17,000,000
188,000,000
27,000,000
500,000
2,400,000
3,000,000

252,000
28,000,000
1,900,000
250,000,000
2,200,000
400,000
13,000,000
3,240,000
18,000,000.00
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11.8

SINGAPORE

Population: 3,490,456
Population Growth Rate: 1.2%
Total Area: 647.5 sq.km
Capital: SINGAPORE
DISASTERS: no data available

11.9

map: see Malaysia

THAILAND

Population: 66,031,366
Population Growth Rate: 0.97%
Total Area: 514;000sq.km
Capital: BANGKOK
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Table II-8 Thailand
Year

Disaster

Dead

Nov-88

Floods,
Mudslides

334

Nov-89

Typhoon

Oct-95

Floods

Jan-99

Drought

Feb-99

Flood

Aug-99

Flood

Injured

Displaced

Cost($)

978,232

122,000,000

458

154,000

28 1,000,000

231

4 ,200,000

140,500,000

6,000,000
40,000,000
6

90,700

165

APPENDICES

II. 1 0

VIETNAM

Population: 76,236,259
Population Growth Rate: 1.43%
Total Area: 329,560 sq.km
Capital: HANOI

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

Table /l-9 Vietnam
Year

Disaster

Dead

1984

Typhoon

134

1985

Typhoon

798

257

2,800,000

1987

Typhoon

101

211

936,000

1987

Typhoon

435

2,502

2,500,000
720,000

Injured

Displaced/Affected

Cost($)

650,000

1988

Typhoon

80

36

1989

Typhoon

104

491

1'000,000

1989

Typhoon

104

762

4,500,000

1990

Flood

69

200

10,000

1990

Typhoon

19

108

500,000

1991

Flood

21

-

55,000

1991

Gale

100

400

1991

Typhoon

17

16

500,000

9,500,000

1992

Flood

55

10

166,021

18,000'000

1992

Storm

251

500

10,000

1992

Tidal Wave

1

-

14,000

1992

Typhoon

11

4

1992

Typhoon

17

12

32,000

1993

Typhoon

73

20

25,000

1993

Typhoon

130

1994

Flood

84

84,090

-

$

77,098

177'000,000
1995

Flood

116

1995

Flood

124

212,000

29,000,000

1

1,719,505

20,800,000
21,200,000

1995

Typhoon

16

51

23,000

1995

Typhoon

183

199

1,320,000

57,000,000

1996

Typhoon

80

200

123,()()()

200,000,000

1996

Typhoon

395

225,000

296,000,000

1997

Typhoon

3,883

1,100,000

57 6,000,000

Aug-98

Drought

1,756

Nov-98

Flood

267

Dec-98

Typhoon

43

Mar-99

Drought

-

857

407 ;000,000
92

-

40,000

93,000,000

3,000

15,000,000

2,300,000

59,600,000
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II. 1 1

REFERENCES

All numbers concerning disasters originate from the following sources:
Reliefweb, "Natural Disasters", Last Updated 1999, http://wwwnotes.reliefweb.int/.
VITA, "International Disaster Situation Reports", 1999,
http://www.vita.org/disaster/sitrep/.
Munchener Ruckversicherungs-Gesellschaft (Munich Re Singapore Branch), "Listing of
Natural Disasters in Philippines and Indonesia for period 1992-1997",-?
Phouyavong S., "Natural Disasters and Mitigative Measures in the Lao PDR- Country
Report", Asian Disaster Reduction Centre, http://www.adrc.or.jp/countryreport/LAO
The (boxed) country information is taken from:
The World Factbook, http://www.odci.gov/cialpublications/factbook/index.html
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APPENDIX III POLITICAL
ENVIRONMENT
The purpose of Table III-1 is to highlight some of the primary governmental characteristics of
the selected countries.

Table III-I Government Chart
Government

Cambodia

Lao PDR

Thailand

VIetnam

Government
Type

Multiple liberal
democracy under
a constitutional
monarchy

Communist

Constitutional
Monarchy

Communist

Political Groups

Many

No opposition
party

Many

No opposition

Provinces

20

16

76

50

Source: Asia Week, Australian Department of Foreign Affairs and Trade (DEFAT), World Bank

Table III-2 provides an overview of the main cross-border security issues between the selected
countries. First, there is a general comment on the foreign policies of each of the selected
countries. Second, the table highlights bilateral relations. Third, the table provides a summary
of each respective country's relations with ASEAN. Following the table there is further
commentary on each country's regional and foreign policies.
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Table III-2 Diplomatic Relations
Cambodia

lao PDR

Thailand

VIetnam

General
Comment

Improving regional
relations and
outreach.
Recognises need
for political and
economic aid.
Some domestic
political problems
and potential for
domestic
instability remain.

One-party rule, but
economics take
precedence to
politics. Less
hard-line than in
the past and
increasing
openness to
region.

Most outward
oriented of the
four. Enjoys good
relations with
ASEAN countries
as well as the US,
China, and Japan.

Seeks regional
integration and
open markets.
Entered World
Trade
Organisation
(WTO) in 1995.
Still relatively
conservative.

Cambodia

-

No significant
problems.

Cambodian
refugee problem in
Thailand. Some
indefinite borders.

Some maritime
border.disputes.
Some recent
tension .

Lao PDR

Treaty of
Friendship and
Co-operation.

-

Parts of the border
are indefinite.

Treaty of
Friendship and
Co-operation.

Thailand

Cambodian
refugee problem in
Thailand. Some
indefinite borders.

Parts of the border
are indefinite.

-

Both place great
importance on
Mekong River
basin.

Vietnam

Some maritime
border disputes.
Some recent
tension.

Treaty of
Friendship and
Co-operation.

Both place great
importance on
Mekong River
basin.

-

ASEAN

ASEAN wants a
stable and
prosperous
Cambodia. 1997
fighting was a
setback.
Cambodia is
working on
bilateral relations
with all ASEAN
countries.

Lao PDR is
interested in
further regional
economic cooperation,
regardless of
political ideology.

Great emphasis
on ASEAN for
regional solidarity.

Seeking further
regional
integration.

Source: Australian Department of Foreign Affairs and Trade (DEFAT)

Cambodia and Lao PDR have had historically isolationist regimes. However, their successful
entrance into ASEAN, coupled with an understanding of the importance of reaching out to
other countries io the region, has resulted in a rebirth of interest and co-operative policy
towards their neighbours.
Thailand is the most outward oriented of the four. Relations with Cambodia have improved
greatly since the Cambodian political turmoil of 1997, and Thailand now promotes a policy that

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

supports Cambodia and seeks its further regional integration into the political mainstream of
South East Asia. Drug trafficking and some border disputes exist, but they do not appear
serious enough to warrant a backward step in relations. Vietnam and Thailand share an
understanding of the importance of the Mekong River to regional development. This mutual
understanding is a significant unifier of interests. Lao PDR is Thailand's most important trade
partner and relies largely on Thailand for economic and political support, as well as connection
with the outside world. Some parts of the Laotian-Thai border are indefinite, but as with
Cambodia, they do not appear to threaten co-operation.
Vietnam's government, though traditionally isolationist, now recognises the need for further
regional integration as a means of economic advancement.
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APPENDIX IV ECONOMIC
INDICATORS
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Figure IV-1 Economic Statistics (1998)

Table IV-1 Infrastructure and Communications Chart
Infrastructure &
Communications
x(l998)

Cambodia*

LaoPDR *

Thailand

Vietnam*

Telephones

35,000

86,000

1,553,200

90,000

Teledensity

0.3%

1.6%

2.6%

0.3%

Satellite Earth
Stations

1 Intersputnik

1 lntersputnik Indian Ocean
Region

2 Intelsat - 1
Indian, 1 Pacific

2 Intersputnik - 1
Indian, 1 Pacific

Radio Stations

1 AM lOFM

10AMOFM

200 AM 100 FM

NA228FM

Radios

NA

610,000

10,750,000

8,715,000

Radiodensity

NA

11.6%

17.9%

33.2%

TVs

800,000

32,000

3,300,000

2,900,000

Rail (km)

603

-

4,623

4,835

Highways

35,769

22,321

64,600

93,300

Source: Union Transport, Asia Week, Australian Department of Foreign Affairs and Trade (DEFAT), World Bank
*Some radio and telephone statistics extrapolated from earlier figures, updated to estimated 1997 figures.

Figure lV-2 illustrates the distribution of each country's economic sectors. Cambodia and Lao
PDR, for example, each earn roughly 50% of their GNP from agriculture, whereas Thailand
earns less than 10% from agriculture. Large service sectors indicate greater development. For
example, Lao PDR earns approximately 25% of its GNP from services, whereas Thailand earns
nearly 60% from services. Vietnam has the most balanced economy of the four.
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APPENDIX V END USERS AND
THEIR RESPONSIBILITIES
Three main groups of users would benefit from improved disaster management. The first group
consists of those users affected by the disaster, for example the national and local authorities
and the affected public. The second group consists of the users that react to the disaster, such
as relief organisations like the Red Cross and the military. The third and last group of users are
those that need information for early warning. This last group needs the information for topics
such as media coverage, radio and television warning, education and training, flood forecasting
for major river basins, and broad dissemination of warning using civil defence equipment
(radio, sirens, telephone etc.).

V. 1

CAMBODIA

The end users in Cambodia are the National Committee on Disaster Management (NCDM) in
which the member organisations of the committee have the role listed in the table below.
Ministry

Responsibility

The Prime Minister

1) Chair the Executive Committee to define national policy for
emergency preparedness, emergency operations and recovery and
rehabilitation activities. 2) Declare a State of Disaster on the
advice of the Permanent Secretary, NCDM. 3) Call on all other
Ministries, Departments, Bureaux, Agencies, and Corporations of
the government and the private sector for assistance in preparing
for, reacting to and recovering from the effects of emergencies.

The Ministry of Interior(MI)

The Director-General and Administration of the MI shall be
responsible for overseeing the organisation of local Committee on
Disaster Management (CDM) and the establishment of functional
co-ordination centres in all local government areas.

The Ministry of Industry, Mines and
Energy

Responsible for the organisation of emergency management
groups in all manufacturing, mining, commercial and industrial
complexes, utilising the existing safety guidelines.

The Ministry of Education, Youth and
Sport (MEYS)

Responsible for the organisation of emergency management
groups and response teams in all schools institutions of learning.

The Ministry of Social Welfare, Labour
and Veterans (MSWLV), the
Cambodian Red Cross (CRC) and the
Secretary of State, Women's affairs
(SSWA)

Responsible for the extension of social services to victims.

Other members of NCDM

Responsibility: Make available their personnel, facilities and
expertise to carry out effectively the functions of the Committee.

The Ministry of Economy and Finance (MEF), Council of Ministers Office (CMO), Ministry of National
Defence (MND), Ministry of Environment, Ministry of Public Works and Transport, Ministry of Agriculture,
Forests and Fisheries, Ministry of Foreign Affairs & international Co-operation, Ministry of Health, Ministry
of Planning, Ministry of Information, Ministry of Cults and Religious Affairs, Ministry of Rural Development,
Cambodian Development Council.
Provincial Authorities

Responsibility: For each level down to the people.

(in 20 provinces)
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V.2

LAoPDR

Lao PDR has relatively young sets of organisations in almost all aspects of government. The
created new Ministries reflect their priorities. Therefore, disaster management responsibilities
are still vaguely allocated in these Ministries. However, the end users in Lao PDR are among
the members of this organisation and consist of:
1. Prime Minister
2. Department of Cabinet
3. Department of Technology Development and Promotion
4. Department of Intellectual Property Standardisation and Metrology
5. Department of Environment Development and Quality Promotion
6. Department of Environment of environment policy and Management
7. Department of Personnel
8. Institute of Scientific and Research
9. Branches of Science, Technology and Environment Organisations at the provincial levels.
The functions that these organisations perform are listed below:
The Ministry of Labour and Social Welfare (MLSW), with the mandate to manage disaster
operations through a Government decree issued by the Prime Minister. The function is
assigned to the Department of Public Welfare.
The National Steering Committee for Flood Relief, which is responsible for prevention of
further loss and providing relief from the flood. They have a Provincial Committee headed by
the Vice-Governor.
The Ministry of Agriculture and Forestry (MAF), which plays an important role in disaster
preparedness and reduction through the departments of Agriculture, Irrigation and Hydrology
and Meteorology.
Other government organisations include:
The Ministry of Public Health (MPH), which assigns mobile teams of doctors that can be
dispatched to affected villages on the request of provincial authorities.
The Organisation for Science, Technology and Environment CSTENO), does not yet have a
clear mandate to co-ordinate and address disaster mitigation across the Ministries, but may
become involved in such a role in the future.
In addition, many Non Government Organisations are active, such as the Lao Red Cross
Society and International Non-Government Organisations. Also, the Provincial Authorities (in
16 provinces) are involved as they have responsibility for each level down to the people.
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V .3

THAILAND

The end users in Thailand are the concerned Ministries, Departments and Organisations as
shown in the table below.
Ministry

Responsibility

The Office of the Prime Minister

The Prime Minister is the chairman of the National Security
Council, The National Environment Board and the National
Accident Prevention Committee.

The Ministry of Transport and
Communications (MTC)

The Meteorological Department of the MTC is responsible for
meteorological forecasts and warnings

The Ministry of Agricultural and Cooperatives (MAC)

The Royal Irrigation Department of the MAC is responsible for
structural flood control measures.

The Ministry of Defence

The Armed Forces and the Directorate of Civil Affairs of the
Royal Thai Army assist in relief operations and in some
rehabilitation and mitigation activities.

The Ministry of Public Health

Concerning with environment health, including occupational
health, and health aspects of preparedness, mitigation and relief.

The Ministry of Interior (MI)

The National Civil Defence Committee (NCDC) of the MI, under
command and direction of the Interior Minister, is established to
deal with severe disasters. The NCDC has formulated the Master
Plan named Civil Defence Plan to prevent and prepare for
potential disaster.

Independent Public Agencies

Responsibility

The Bangkok Metropolitan
Administration (BMA)

Responsible for the city administration. The elected Governor is
responsible to the Metropolitan Assembly and is designated of
Civil Defence for the city.

The Pataya City

Similar to the BMA.

Provincial Authorities (in 75 provinces)

Responsibility for each level down to the end users, individual
people.

Provincial Governor
Lord Mayor
Chairman of District
Chairman of Sub-district
Head of village
Head of School

Province
Municipality
District
Sub-district
Village
School

Non-government Organisations
(NGOs)

Responsibility: These play an important role in relief operations
and community based programmes

The Thai Red Cross

Best known with a chapter in every province, concentrates on
relief.

Other non-government organisations
like free volunteer groups

V.4

VIETNAM

The end users in Vietnam are the Disaster Management Organisation of Vietnam and its
members. There are many committees dealing with the management including:
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1. The Ministry of Agriculture and Rural Development, which_acts through the Department of

Dyke Management, Flood Control and Storm Preparedness (DDMFCSP) who also has
developed expertise in all stages of the disaster management cycle.
2. The Central Committee for flood and Storm Control CCCFSC), chaired by the Secretariat of
CCFSC and have provincial branches including the Provincial CFSC, the District CFSC
and the Village CFSC Officer.
3. The Vietnam National Committee for the International Decade for Natural Disaster
Reduction CVNCIDNDR)
4. Data Management Unit CDMU), which was set up with the help of UNDP to strengthen the
national capacities for disaster management.
5. Provincial Authorities (in 50 provinces) who have responsibility for each level down to the
people include: the Provincial Peoples Committee, the District People's Committee, and the
Village People's Committee.
6. Non-government Organisations CNGOs), which play an important role in relief operations
and community, based programmes such as the Disaster Preparedness Programme of the
Vietnam National Red Cross (VNRC) and the International Federation of Red Cross
(IFRC).

V.S

REFERENCES
Asian Disaster Reduction Centre, "Kingdom of Cambodia", 1999,
www .adrc.or.jp/countryreport!KHM/index.html
Asian Disaster Reduction Centre, "Natural Disasters and Mitigative Measures in the
Lao PDR Country Report", 1999, www.adrc.or.jp/countryreport/LAO/index.html
Asian Disaster Reduction Centre, "Thailand Country Report", 1999,
www. adrc .or.j p/countryreport!THA/index .html
Asian Disaster Reduction Centre, "VietNam Country Report", 1999,
www .adrc.or.jp/countryreport!VNM/index.html
United Nations Development Programme, Report prepared by Asian Disaster
Preparedness Centre, Asian Institute of Technology, "Strengthening Disaster
Management Strategies in Thailand", March 1994.
Asian Disaster Preparedness Centre, "South East Asia Diagnostic Study for CRED and
European Community Humanitarian Office (ECHO)", 1997.
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APPENDIX VI COMMUNITY·BASED
VOLUNTEER EMERGENCY GROUPS
IN THAILAND--SOME EXAMPLES
Thailand boasts an informal network of community-based emergency/rescue volunteers who
are on-call to assist in a wide range of disaster situations. Unlike the more organised "Shock
Brigade" system in Vietnam, the Thai groups represent a far more ad hoc approach to
community-level disaster preparedness. The number of volunteers, equipment, level of
training, level of funding and area of operation varies from group to group. Each group serves
only its own local area and there is no national or even regional co-ordination between them:
groups can, in fact, be rivals if their territory of operations is not defined.
The emergency volunteer groups in Thailand are funded by charitable organisations from the
Chinese and Thai communities. In the case of the Chinese communities, support funds are
even remitted from expatriates living overseas. The Chinese groups are apparently the oldest
and grew out of benevolent societies originally formed to bury the dead, or assist accident
victims who had no relatives to cover the expenses. The Thai groups were apparently then
formed on the example of these groups. In both cases, these volunteer emergency groups
provide rescue and other assistance to the police and official emergency services in the event of
disasters, but their 'day to day' activities extend beyond disaster response to include such
activities as rescue at road accidents and house fires, search and rescue in the case of missing
persons, community policing and assistance to the police in the event of public disturbances
and even the removal of snakes that have invaded dwellings!
The following two case studies outline the emergency volunteer groups in Bangkok and the
Nakhon Ratchasima district, to illustrate the variation that exists throughout Thailand.

VI. 1

BANGKOK

Currently, there are two community groups in Bangkok that could be termed 'emergency
volunteers'. Po Tek Tung is supported by the Chinese community, while the Ruam Katan You,
is funded by the Thai community. The two could be considered 'rivals' to some extent, due to
their ethnic biases. Their services, however, are freely available to all. Both groups are
composed of people over the age of eighteen from their respective ethnic communities.
Membership in these groups has a strong social aspect that has encouraged their popularity in
the community. Although precise membership numbers could not be obtained, indications are
that each group has several thousand members, with the number growing every year.
Each district in Bangkok has at least one 'headquarters' for both the Chinese and Thai
volunteer groups and each of these stations is equipped with at least one vehicle. In some
instances, this vehicle, usually a truck, fulfils multiple roles as personnel transport, ambulance
and rescue truck. In some cases, members provide their own vehicle for this service while on
duty, painting it with the logo of their emergency group. Because it is usually not possible for
volunteers to take time off work to respond to an emergency call, the headquarters is staffed on
a roster-basis by those available either in the day or night. Police radio scanners or phone tipoffs from the public alert the headquarters staff to an emergency and volunteers who are not at
work are summoned by mobile phone or walkie-talkie to respond.
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Although some members of these rescue groups have first aid training, there is no regular or
systematic programme of training for emergency volunteers and no ongoing programme of
disaster preparedness training.

Vl.2

NAKHON RATCHASIMA PROVINCE

One of Thailand's largest provinces, Nakhon Ratchasima is home to three different groups of
emergency volunteers, serving different areas within the province. The largest group,
supported by the Thai-based 'Hook' charity, operates in the region outside the province's
largest city, Korat. Funds are raised for the rescue work by private donation. The families of
rescued victims often become financial supporters. With a membership of over 3,000, this
volunteer group not only responds to emergencies, but also provides first aid services at social
events like community festivals.
The 'Hook' group has its own headquarters, located near Korat, which is staffed around the
clock by a roster of 10 volunteers, working four-hour shifts. These base staff are paid a small
honorarium for their services and receive information about emergency situations from police
radio scanners and public information. They have four 'rescue trucks' with basic equipment
that enables them to improvise rescue gear on the spot at an emergency scene, as well as a
general-purpose van and a water tanker to assist in fire fighting. Volunteers, who are called out
by the base station only if they are not at work, also have a small sticker on their private
vehicles to identify themselves as members of the group. This gives both social prestige and
allows them rapid access to any emergency site. In addition the volunteers also have a small
team of scuba-trained members, who can assist with rescues and police investigations in dams
and canals. Each member of the group has fist aid training and the rescue teams have to train at
least twice a year. The scuba-unit has to train at least once a year
Within the area of Korat itself, the smaller Lak Sieng Siung Tung group operates a system of
emergency volunteers. Supported by the Chinese community, in particular the 42 Ming
families of Thailand and expatriate members of these families, this group has three stations
within Korat, one of which is considered the headquarters. It is staffed by 4 people working 8
hour shifts on a 24-hour roster, each of which is paid a small honorarium, like those of the
'Hook' group. It, too, uses police radio scanners anri public tip-off to be alerted about
emergency situations. Each station has at least 2 rescue trucks equipped like those of the
'Hook' volunteers.
This society has approximately 500 active volunteers who train 2 to 3 times per year, receiving
professional training from the hospitals and police. They too have a scuba unit which trains at
least once per year. In addition to rescue work, this group assists the police in cases of public
disturbance and even performs other public services like removing snakes from peoples homes.
The third group in the province is a smaller group, based in the Phakchung district, which
works exclusively within that area. It is equipped and operates similar to the larger groups.
It is important to note that each of the three emergency volunteer groups in Nakhon Ratchasima
province operates in a very defined area and does not cross over into the 'territory' of the other
groups. This avoids the rivalries that plagued these groups in the past, when rival rescue crews
would fight over the right to undertake an operation.
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REFERENCES

All information in this appendix is derived from an interview with a representative of the
'Hook' charity emergency volunteer group in Nakhon Ratchasima province and conversations
with local Thai people from Bangkok.
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APPENDIX VII REQUIREMENTS
TRACEABILITY MATRIX (RTM) FOR
DISASTER MANAGEMENT
ORGANISATIONS
This appendix will give the table that was used in order to identify the different gaps in the
disaster management organisations. The "ideal" system requirements were taken from chapter
3 and the comparison was made between the capabilities of these organisations and the "ideal"
system requirements. This way gaps were identified in the capabilities of the selected
organisations. If the capabilities matched the "ideal" system requirements, a plus was added in
the cell. Of the different countries, a total column was created summarising the situation from
the countries. If there was a match between the capability of th~t country and the respective
requirement, 0 was put in the total column. If a gap was identified a G was added.
The following gaps were identified. The identifier in brackets behind the gaps refer to the gaps
that are mentioned in the main text:

VII . 1

TECHNOLOGICAL GAPS

)- The current disaster management system in Thailand lacks the ability to disseminate a
signal that indicates the likelihood of a flood disaster, lacks disaster warning devices (like
sirens), lacks the ability to send a disaster-warning signals after identification of the disaster
in time and the signal the disaster warning signals can be understood by every beneficiary
user with an elementary school education .. There is an institutional warning system but the
warning comes often too late. There is also a lack of a standard for rating flood hazards.
Reference 1 was used (T1, T3).
)- There is no warning capability and no flood prediction capability for warning present in
Cambodia at this moment (T2).
)- Flood-warning systems are either out of date or lacking in Vietnam. The facilities that do
exist are often unreliable, and the procedures for issumg warnings suffer from a lack of
modern communication technology (T2).

Vll.2

EDUCATIONAL GAPS

)- Currently there is a lack of education in Thailand, of the beneficiary user in the nature and
risk of floods and the interconnection with the environment, to understand the disaster
warning signals, in disaster response. (E1 and E2)
)- Also, there is a lack of education of the system operators in Thailand, the disaster response
personnel. (E5)
)- Educational programmes for the beneficiary user exists in Cambodia, however the training
of the relief and rescue agencies is not addressed (E5).
These gaps were then integrated with the other gaps from literature search and interviews. (See
sections 5.2.1 ~i1d 5.2.3)
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Rating= + If the literature indicate the
capability to perform this functi_on

i
FMS capabilities shall be intograted and
interoperable
Cambodia, Lao PDR. Thailand, and Viotnam
FMS shall be impr~d or replaced based on
a_2Q-yr l~e cycle_c!!s!__sa'lin.!!!.
Tho FMS annual operating costs shall not
exceed 0. t% of Cambodia, Lao POR,
Thailand, and Vietnam combined GOP &om
the previous year ($27M USO).

1,2,3,4

_1,2,3,4

n.a.

?

The FMS shall secure iii'saster management I
related data and information from cyber auack
'wilhin and out of the FMS boundaries.
Medium < 1 .~ .~.4_ _
The FMS shall not violaie.any writlen policies
of Cambodia, Lao PDR, Thailand, and
Vietnam giMirnments. .
H1gh 1 ,2,3,4
The FMS shall continuously educate SEA
beneficiary "sers in the nature and risk of
floods and their interconnection wilh the
environment.
Medi~m ! 1
The FMS shall educate a~d train the users to
use their associated FMS interfaces (I.e.
·warning and action signals, information
systems like w.MN sites).
Medium__,!
The FMS shall hav~ an· exercise mode fo r all
rts critical funct ions to suppM operators
training.
Low _'1_ - -·-·
The FMS shall train its operators how to usa
its collection, processing, communications,

+

+

+

?

+

+ +

Figure VII-I Constraints, Policy, Economical, and Educational Requirements Traceability
Matrix
0 = Requirement satisfied
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management
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The FMS shall use climatic data and
'numerically model waler systems to predic1
ftoods.
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,assessment plans, risk assessment plans
SYS-OPS-16 ;and disaste.~ assessment reports.. .
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!and dig~al maps, images, graphs and tables
'from satell~e images, aerial photographs,
SYS-OPS-17 sutface and subsurface electronic sensors
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·disaster data information providers' outputs
into a structured database for easy yet
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+
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+
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The list of organisations in this table is not complete. However, the table gives an overview of
the capabilities of the different countries in the Mekong area to address the issues related with
flood management.

Vll.3

REFERENCES

Report of the Meeting of the Regional Working Group on Remote Sensing, GIS and
Satellite-based Positioning; United Nations/ Economic and Social Commission for Asia
and the Pacific (UNIESCAP);ST/ESCAP/1794, United Nations, New York, 1997.
An inventory of Wetlands of the Lao PDR. The International Union of Conservation of
Nature and natural resources (IUCN). Claridge, G.F., Bangkok, Thailand, 1996.
Natural hazards and natural disaster reduction in Asia and the Pacific. Economic and
Social Commission for Asia and the Pacific. New York, 1995
Proceedings of the expert group meeting on comprehensive flood loss prevention and
management, Bangkok 17-21 October 1988. Economic and Social Commission for
Asia and the Pacific. United Nations, New York, 1989.
First ASEAN State of the Environment Report, ASEAN secretariat, Jakarta, 1997.
ISBN 979-8080-27-0
Proceedings of the Ministerial conference on space applications for development in
Asia and the Pacific, 19-24 September 1994, Beijing. United Nations, New York, 1994.
Manual and Guidelines for comprehensive flood loss prevention and management
(STIESCAP/933). United Nations/ Economic and Social Commission for Asia and the
Pacific (l.INIESCAP). New York, January. 1991.
User requirements study for remote sensing based spatial information for sustainable
forest management, April 1999, International Institute for Aerospace Survey and Earth
Sciences (lTC).
Asian Disaster Reduction Centre, http://www.adrc.or.jp/nations/
Asian Disaster Reduction Centre, http://www.adrc.or.jp/nations/
Asian Disaster Reduction Centre,
http://www.adrc.or.jp/nations/nationframe.asp?URL=../management/VNM/DDMFC_or
ganization.jpg&Lang=en&NationCode=704
United Nations Development Programme, http://www.undp.org.vn/dmu/dm-invietnam/en/frame.html

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

APPENDIX VIII REQUIREMENTS
TRACEABILITY MATRIX (RTM) FOR
EXISTING REMOTE SENSING
SATELLITES
This appendix will give the table that was used in order to identify the different gaps in the
remote sensing capabilities of the selected countries. These countries have the capabilities to
use the following satellite data: NOAA-12 AVHRR, Landsat MSS & TM, Spot 112/4, ERS112, Radarsat, NOAA (geostationary) and GMS (geostationary).
The observational requirements were taken from chapter 3 and the comparison was made
between the satellite capabilities and the observational requirements. If a satellite system was
able to perform the observational requirement, a plus (+) was assigned to that particular
requirement. If the system could not fulfil the requirement, a minus (-) was assigned. The 0
means the system is not capable of performing the requirement, but the capabilities are in the
same order of magnitude as the requirement.
The gap identification analysis, with regard to the observational capabilities, found the
following two technological gaps:
TlO: No sensing capabilities of flooding during night and cloud coverage over a large,
homogeneous area; and
Tll: Inaccurate precipitation detection during rrutigation and response phase due to low
temporal resolution of radar satellites and area coverage of ground based radar.
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Figure VIII-1 Requirements Traceability Matrix for Existing Remote Sensing Satellites
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APPENDIX IX SYSTEM
REQUIREMENTS VERSUS GAPS
Table IX-I System Requirements vs. Technological Gaps Matrix
Tl

T2

T3

T4

T5

T6

T7

T8

T9

X

X

X

X

X

X

X

X

X

X

TIO

Til

X

X

SYS-CON-01
SYS-CON-02
SYS-CON-03
SYS-EC0-01

X

SYS-EC0-02

X

SYS-EDU-01
SYS-EDU-02

X
X

SYS-EDU-03
SYS-EDU-04
SYS-OPS-01

X

SYS-OPS-02

X

X

X

SYS-OPS-03
SYS-OPS-04

X

X

SYS-OPS-05

X

X
X

SYS-OPS-06

X

X

X

X

SYS-OPS-07

X

X

X

X

SYS-OPS-08

X

X

X

X

X

X

X

X

X

X

X

X

X

X

SYS-OPS-09
SYS-OPS-10

X

SYS-OPS-11
SYS-OPS-12
SYS-OPS-13

X

X

SYS-OPS-14
SYS-OPS-15
SYS-OPS-16

X

SYS-OPS-17
SYS-OPS-18

X
X

X

X

X

X

SYS-OPS-19
SYS-OPS-20
SYS-OPS-21
SYS-OPS-22

X

SYS-POL-01
SYS-POL-02
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Table /X-2 System Requirements vs. Legal & Policy Gaps Matrix
Ll
SYS-CON-01

L2

L3

lA

X

L5

SYS-CON-02

X

SYS-CON-03

X

SYS-EC0-01

X

SYS-EC0-02

X

SYS-EDU-01

L6

L7

LS

X

X

SYS-EDU-02

X

SYS-EDU-03
SYS-EDU-04

X

X

SYS-OPS-01
SYS-OPS-02
SYS-OPS-03
SYS-OPS-04

X

SYS-OPS-05
SYS-OPS-06

X
X

X

SYS-OPS-07

X

SYS-OPS-08

X

SYS-OPS-09

X

SYS-OPS- 10

X

X

SYS-OPS-11

X

SYS-OPS-12

X

SYS-OPS-13

X

X

X

SYS-OPS-14

X

SYS-OPS-15

X

SYS-OPS-16

X

SYS-OPS-17

X

X

SYS-OPS-1 8
SYS-OPS-19

X

SYS-OPS-20

X

X
X

SYS-OPS-21

X

SYS-OPS-22

X

SYS-POL-01
SYS-POL-02

X

X
X

X

X

X

X

X
X
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Table IX-3 System Requirements versus Financial Gaps Matrix
F6

F7

Fl

F2

F3

F4

F5

X

X

X

X

X

X

X

X

X

SYS-CON-01
SYS-CON-02

X

SYS-CON-03
SYS-EC0-01

X

X

X

SYS-EC0-02

X

X

X

SYS-EDU-01

X

X

SYS-EDU-02

X

SYS-EDU-03

X

SYS-EDU-04

X

SYS-OPS-01
SYS-OPS-02

X
X

SYS-OPS-03
SYS-OPS-04
SYS-OPS-05

X

X

X

X

SYS-OPS-06
SYS-OPS-07
SYS-OPS-08

X

SYS-OPS-09

X

SYS-OPS-10
SYS-OPS-11

X

SYS-OPS-12
SYS-OPS-13
SYS-OPS-14
SYS-OPS-15
SYS-OPS-16

X

SYS-OPS-17

X

X

SYS-OPS-18
SYS-OPS-19

X

SYS-OPS-20

X
X

SYS-OPS-21

X

SYS-OPS-22

X

SYS-POL-01
SYS-POL-02

X

X

X

X
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Table IX-4 System Requirements versus Educational and Awareness Gaps Matrix
El

E2

E3

E4

E5

E6

E7

ES

E9

ElO

X

SYS-CON-01
SYS-CON-02

X

X

X

SYS-CON-03
SYS-EC0-01

X

SYS-EC0-02

X

SYS-EDU-01

X
X

SYS-EDU-02

X

X

X

X

X

SYS-EDU-03

X

X

X

X

X

X

SYS-EDU-04

X

X

X

X

X

X

SYS-OPS-01

X

SYS-OPS-02

X

SYS-OPS-03

X

SYS-OPS-04

X

X

SYS-OPS-05
SYS-OPS-06

X

SYS-OPS-07

X

SYS-OPS-08

X

X
X

X

SYS-OPS-09
SYS-OPS-10

X

SYS-OPS-11

X

SYS-OPS-12

X

X

SYS-OPS-13

X

SYS-OPS-14
SYS-OPS-15
SYS-OPS-16

X

SYS-OPS-17
SYS-OPS-18

X

SYS-OPS-19

X

SYS-OPS-20

X

SYS-OPS-21

X

SYS-OPS-22
SYS-POL-01
SYS-POL-02
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APPENDIX X SENSING
TECHNOLOGIES TO IMPROVE GIS
Rain forecast techniques use different frequencies, because these frequencies have advantages
for rain forecasting. We divided these frequencies into visible, infrared, passive microwave,
and radar. We only introduce ground based radar systems and satellite based radar systems.

X. 1

GROUND BASED RADAR SYSTEM FOR RAIN FORECAST

Ground based radar system has some advantages in rain forecast. First they give us direct and
detailed information of weather elements that we need to measure. Second they are easy to
handle and to update with technical developments. Third, ground based radar system is the
weather forecast that has been used widely in South East Asia. Follow this, we will introduce
some rain-forecast system.

Doppler Radar
The Doppler measure technology is already adopted by modem technology. Ground-based
Doppler radar measurements technology are used widely in weather forecast, and operated at Shand (9 em), X-band (3 em), and UHF-band.
The Doppler-On-Wheels (DOW) system is consisting of two mobile Doppler weather radar,
which are mounted on trucks, resolution below 100 metres.

33 GHz/95 GHz Cloud Profiling Radar System (CPRS)
CPRS is a highly sensitive multi-parameter system. This system has capability for RHI, PPI
and sector scanning. CPRS is very flexible, and can be installed on truck, and in a single 20foot sea container. CPRS has been operated in United States and in the South Pacific, including
Melville Island, Australia and on a ship-based deployment aboard the NOAA ship Discoverer.

Millimeter Wave Cloud Radar (MMCR)
MMCR is a zenith-pointing radar that operates at a frequency of 35 GHz; it is used to detect
cloud boundaries (e.g., cloud bottoms and tops). This radar can report radar reflectivity (d.BZ)
of the atmosphere up to 20 km. MMCR has a Doppler capability that will allow the
measurement of cloud constituent vertical velocities.
};;;>

Frequency: 34.86 GHz ± 200 MHz (Wavelength:8.66 mm, Ka-band)

};;;>

Peak Transmitted Power: 100 W

};;;>

PRF (max): 20kHz

95 GHz polarimetric cloud Doppler radar MIRACLE
MIRACLE was developed by Quadrant Engineering Inc., Amherst, Massachusetts (USA). The
most important technical parameters are listed in the following table:
};;;>

Frequency: 95 GHz
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);>

Peak Power (EIA): 1.7 kW

);>

Pulse repetition frequency: 50 Hz- 80kHz

);>

Range resolution: 15- 300m

~

Antenna diameter: 1.2 m

);>

Antenna gain: 60 dB

);>

Transmit polarisation: H or V

);>

Receive polarisation: Hand V

);>

Dynamic range: 70 dB

);>

Bandwidth: 20, 10 or 2 MHz

S-band radar is the main radar system of rain forecast, because of S radar frequency absorbed,
and back scatter by rain is small. S-band radar is used for weather forecast, providing real-time
data to various users supporting meteorological research and the development of automated
system of weather detection.
More radar specifications
);>

Wavelength: 10.4 em

);>

Peak power: 800 kW

);>

Antenna Diameter: 9.15 m

);>

Pulse Repetition Frequency (PRF), Doppler mode: 1200Hz

);>

Pulse Repetition Frequency (PRF), reflectivity mode: 300Hz

);>

Maximum unambiguous range, Doppler mode: 125 km

);>

Maximum unambiguous range, reflectivity mode: 480 km

);>

SyQuest Velocity: 31.5 m/s

X-band radar is derive from S-band radar, it is used to detect some atmosphere parameter for
rain. This radar uses a constant pulse repetition frequency (520 Hz), and together works with
S-band radar system.
More radar specifications
);>

Wavelength: 3.2 em

);>

Peak power: 75 kW

);>

Antenna Diameter: 9.15 m

);>

Beam width: 0.26°

);>

Data collection range: lOOkm

);>

Half pulse length: 150m

);>

Time of volume scan of 12 elevation: 1.5 min
(Alternate scans have interleaving elevations)

194·~~·

(--u

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

UHF radar is radar that makes high-resolution measurements of wind, and other nature
phenomenon. This system is used with S-band and X-band radar, detect weather parameters of
rain change.

Profiler Parameters
)>

Frequency: 915 MHz

)>

Wavelength: 32.8 em

)>

Peak power: 500 W

)>

Antenna Aperture:. 8 m x 1.8 m

)>

Range Resolution: 105 m (typical)

X.2

SATELLITE BASED RADAR SYSTEM FOR RAIN FORECAST

Satellite based radar system is used in remote sensing satellite, because of its very good
characteristic that its can be used in any weather and at night. It will provide high-resolution
images of weather forecast.
ERSt2

July 9, 1995 to Present
Repeat cycle: 3 - 168 days
Scatterometer Mode

>

Resolution

50 km

)>

Swath

500 km

>

Frequency

5.3 GHz (C-Band)

Radar Altimeter

>
>

Accuracy

10cm

Frequency

13.5 GHz (KU-Band)

AATSR Advanced Along Track Scanning Radiometer

>
>
>

Resolution

0.5km

Swath

500km

Bands(microns)

0.65, 0.85, 1.27,1.6, 3.7, 11.0,12.0

Microwave Sounder
)>

Resolution

22km

>
>

Swath

500km

Bands (GHz)

23.5, 36.5

RADARSAT 13

>

November 1995 to Present
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);>

Special applications/sun-synchronous/proposed

);>

Repeat cycle: 24 days

);>

only SAR sensor

Landsat14
);>

landsat-8 mission 2003

);>

Repeat cycle: 18 days

);>

no micro-wave radar sensor

SPOT15
);>

SPOT-5 mission 1999

);>

Repeat cycle: 26 days

);>

no mico-wave radar sensor

);>

no mico-wave radar sensor

NOAA 17
);>

NOAA-14, K,O ...

);>

Repeat cycle: 9 days

AMSU-A Advanced Microwave Sounding Unit-A ( NOAA-k)
);>

Resolution

40km

);>

Swath

2240km

);>

Bands(GHz)

23.8, 31.4, 50.3,52.8, 53.33, 54.4,54.94, 55.5,
57.29 (6 channels), 89.0

AMSU-B Advanced Microwave Sounding Unit-B( NOAA-k)
);>

Resolution

15 km

);>

Swath

2240km

);>

Bands (GHz)

89.0, 166.0, 183.31 (3 channels)

MTS Microwave Temperature Sounder (NOAA-o)
);>

Frequencies

);>

MHS Microwave Humidity Sounder

);>

Resolution

13.5 km

);>

Swath

1560 km

);>

Frequencies

5 channels: 89, 166, 183.3 (3 channels) GHz

TRMM
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The Tropical Measuring Mission (TRMM) is a mission that joint NASA/NASDA designed to
measure trofical rainfall, and its morning to evening variability on a monthly time scale and in
areas of 10 km2 . TRMM will be launched on a Japanese H-2 rocket and will fly in a 350 km
orbit, which causes it to sample all local times each 23 days. TRMM have some instruments
that measure various related aspects of precipitation. Precipitation Radar (PR) is an
2
electronically scanning radar operating at 13.8 GHz; 4.3 km instantaneous field of view at
nadir; 220 km swath.

Table X-1 Major parameters ofTRMM PR.
Item

Specification

Frequency

13.796, 13.802 GHz

Sensitivity

~ - 0.7

Swath width

215km

Observable range

Surface to 15 km altitude

mrnlh (SIN /pulse :::: 0 dB)

Horizontal resolution

4.3 km (nadir)

Vertical resolution

0.25 km (nadir)

Antenna
Type

128-element WG Planar array

Beam width

0.71° x0.71°

Aperture

2.0mx2.0 m

Scan angle

± 17 ° (Cross track scan)

Transmitter/receiver

X.3

Type

SSPA & LNA (128 channels.)

Peak power

2: 500 W (at antenna input)

Pulse width

1.6 1-J.S X 2 ch. (Transmitted pulse)

PRF

2776Hz

Dynamic range

2: 70 dB

Number of indep. samples

64

Data rate

93.2 kbps

USE IFSAR AND LtDAR TO FEED GIS INFORMATION

Interferometric Synthetic Aperture Radar (SAR)
When flown on aircraft, a radar can be pointed in different directions and angles during
successive passes to simulate the necessary parallax conditions that lead to relief displacements
across track. SLAR radar observations looking from the same side in successive passes are
best.
Stereo radar images from space can produce acceptable stereo models using multiple look angle
(off-nadir) viewing. Both vertical and horizontal resolutions tend to be less than achievable by
optical systems from comparable orbits. The vertical exaggeration may be significantly
reduced owing to low base to height - an indicator of vertical exaggeration - values.
SAR images generated simultaneously from two antennae on the same platform will have such
a small base that they will not in themselves function as a stereo pair. But being composed of
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coherent radiation, signals from each matched to equivalent pixels in the other will show
varying degrees of phase differences. These differences are indicative of partial interference,
induced by variations in travel times between two adjacent points showing slightly different
heights. When Earth curvature effects are removed and other adjustments are made, residual
differences become a measure of terrain elevations. These procedures are the basis of radar
interferometry, a topic of rapidly growing interest.
How the SAR works can be shown in the following chart:

Altitude

Ground range

1-

T= Target
L= Length of synthetic antenna
("synthetic aperture")
d= Length of real antenna
B= Azimuth beamwidth of real antenna
H= Height of sensor above ground

Range~

X.4

SYNTHETIC APERTURE RADAR

The technique applied to this end is called SAR interferometry (IFSAR) 18• 19 . It is basically a
triangulation procedure which employs the very sensitive phase measurements present in a
SAR images to derive topographic information. IFSAR has already been established with
images from the European Remote Sensing Satellite ERS-1. The stability of the satellite
platform and the availability of a huge number of suitable and accurately known orbit pairs
have made ERS-1 interferometry an almost routine procedure. If we should change the image
information to the DTM (Digital Terrain Model) information, there are the following kinds of
organised processing:
);>

Geometric correction

);>

Compute the phase difference

);>

Compute the orbital fringe

);>

Extract the orbital fringe

);>

Carry out phase unwrapping

);>

Convert phase to DTM

This processing needs some pre-processed information (the baseline and correlation coefficient)
and complete processing model. The method is still improving.
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Characteristics
Some satellites already have SAR sensors.
satellites and their characteristics.

The following table details the existing SAR

Table X-2 Comparison of SAR Satellites
SIR(Space
shuttle)
Spatial
resolution ( m)
Spectral
resolution

Cband(6cm)
L-band(24)
X-band
(3cm)

Temporal
resolution

ERS-1, 2

JERS-l

RadarSAT

SeaSAT

25

75km
18*18m

lOOKm
28*25m

100km
25m

C-band
(5.7cm)

L-band
(23.5cm)

C-band

L-band

3,35,168
days in
different year

Repeat cycle
44 days

Repeat
cycle
24 days

14 times
a day

Benefits and improvement
Using IFSAR we can feed some GIS topographic information automatically with the IFSAR
information. We can also use SAR information to do flood observation in the four phases to
increase our information resources. Collecting with other image information, we can use SAR
image information to improve the quality of other satellite images and the provided accurate
disaster information.
Cost and Drawbacks
The cost of IFSAR is very high, it has high power requirements, and it needs a large antenna.
IFSAR requires very fast on-board electronic processing and high-speed data links to the
ground. But existing satellite SAR and IFSAR information is indeed available, which leaves
information processing facilities (software and hardware) as the only necessary component.
Fortunately, the hardware can be shared with the remote. sensing information processing system
or can use the on board processing capability. Some SAR information processing systems
exist, but the accuracy of processed DTM information with SAR information or IFSAR is very
limited. This is due mainly to the unavailability of a completed model.
Time Scale to be Applicable
There are already several satellites that can provide SAR data. For example the ERS-2 can
provide IFSAR information ..

X.S

LASER SENSOR- LIGHT DETECTION AND RANGING (LIDAR) 20

Although active microwave systems like radar are the more commonly used sensors utilising
this region of the spectrum, passive microwave sensors also have provided information about
the Earth's surface, its oceans, and its atmosphere. Both air and space-borne sensors have
operated for several decades. They directly measure radiation incited by thermal states in these
media and hence are representative of natural phenomena inherent to the materials.
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Another active sensor system, similar in some respects to radar, is Lidar. Coherent laser light,
at various visible or NIR (Near-IR) wavelengths, is transmitted as a series of pulses (lOOs per
second) to surface targets, from which some of the light is reflected. Travel times for the
round-trip are the measured parameter. Lidar instruments can be operated both as profilers and
as scanners, and can, of course, be operated both day and night. Lidar can serve either as a
ranging device to determine altitudes (topography mapping) or to conduct particle analysis in
rur.
Certain Lidar wavelengths can cause materials to fluoresce (give off light radiation at different
wavelengths than that of the incoming beam), at which point tuned detectors can locate the
frequencies.
Lidar operates normally from aircraft platforms, but a spaceborne sensor (LITE, for Light Inspace Technology Experiment) was flown on the US Space Shuttle in 1994. It was used to
monitor clouds and make measurements of atmospheric particles. Another instrument, the
VCL, or Vegetation Canopy Lidar, will be flown on the first of a low-cost series of satellite
missions in NASA's new ESSP (Earth System Science Pathfinder) programme. A laser
altimeter (GLAS) remains one of the sensors to be launched (around the year 2002) in the EOS
series.
Characteristics

As described above, right now the Lidar is only used airborne. It can be a very high resolution
depending on the wavelength and the equipment. Usually the altimeter resolution can reach
1.5m. When we use airborne as the platform, it can be used anywhere at any time if the
airplane can reach it. The data can be directly the altitude data, so a little processing can
change it to DTM information. But it is expensive and time consuming. It is not only used to
get the altitude information, it can be used to get sea and water information, atmospheric
information, earth surface information.
Benefits and Improvements

Using Lidar we can feed some GIS topographic information automatically with the processed
DTM information. Also we can use Lidar information to do weather observation in the four
phases to provide accurate weather information. Collecting with other information, we can use
Lidar information to improve the quality of provided disaster information. Also we can use the
Lidar information to do other earth observations.
Cost and Drawbacks
It is expensive; also it can't be used regularly. As time passed, the technique of Lidar has
proved and the cost of Lidar equipment will become cheaper and cheaper. So in the future we
can use Lidar in the disaster management and in all the earth and atmosphere observation.

Time Scale to be Applicable

As mentioned in the introduction, the airborne Lidar has been used in many aspects, and also it
has been used on space shuttle. Some missions and projects have done a lot of jobs on the
spacebome use. So in the near future, the spaceborne Lidar will be used widely.
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APPENDIX XI REQUIREMENTS
VERSUS EXISTING AND FUTURE
REMOTE SENSING TECHNOLOGIES
This Appendix compares the capabilities of some of the existing and future satellites with the
observational requirements identified in chapter 3. This analysis is done in order to find
whether the selected countries should consider expanding their source of data and capabilities.
If a satellite system was able to perform the observational requirement a plus (+) was assigned
to that particular requirement. A plus-plus (++) means that the this satellite/technology is
significantly better than what is currently operational A+(+) means that the satellite/technology
is slightly better. If the system could not fulfil the requirement, a minus(-) was assigned. (The
0 means the system is not capable of performing the requirement, but the capabilities are in the
same order of magnitude as the requirement)

XI. 1

EXPLANATION OF ACRONYMS

LANDSAT

Land satellite

SPOT

Satellite d' Observation de Ia Terre

ERS-112

European Remote Sensing satellite 112

IRS

Indian Remote Sensing satellite

ENVISAT

Environmental Satellite (follow up on ERS-2, launch 2000)

RADARSAT Radar satellite (Canadian Space Agency)
SRTM

Shuttle Radar Topography Mission (launch: 2000)

NOAA-12

National Oceanic Atmospheric Administration satellite 12

TRMM

Tropical Rainfall Monitoring Mission

DMSP

Defence Meteorological Satellites Program
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Table XI-I Observational Requirements versus Existing and Future Remote Sensing Satellites
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GLOSSARY

A
Advanced Very High Resolution Radiometer (AVHRR): The AVHRR is a broad-band, four
or five channel (depending on the model) scanner, that senses in the visible, near-infrared, and
thermal infrared portions of the electromagnetic spectrum. This sensor is mounted on the
payload of NOAA's Polar Orbiting Environmental Satellites (POES).

AIRSAR: The AIRSAR instrument is a multi-frequency, polarimetric and interferometric radar
that is flown on a DC-8 aircraft operated out of NASA's Ames Research Center in Mountain
View, California.

Asian Development Bank (ADB): The Asian Development Bank (ADB) is a financial
institution that addresses multilateral development. It started with 31 member governments in
1966, and currently has 57 members, of which 41 are within its applicable region . Priority is
given to regional, subregional and national programmes and special attention is paid to the less
developed countries.

Asian Disaster Preparedness Center (ADPC): The ADPC is the lead centre in the Asia and
Pacific regions dedicated to protecting communities and the environment from the devastation
of disasters. The ADPC is located in the outreach building on the campus of the Asian Institute
of Technology in Bangkok. The centre was established in 1986 to assist countries of the region
in formulating their policies and strengthening their capabilities in all aspects of disaster
management.

c
Coastal floods: Floods generated by winds from intense off-shore storms and tsunamis.

Committee on Earth Observation Satellites (CEOS): CEOS was created in 1984 as a result
of the International Economic Summit of Industrialized Nations and serves as the focal point
for international coordination of space-related Earth observation activities. CEOS encourages
complementarity and compatibility among space-borne Earth observing systems through
coordination in mission planning, promotion of full and non-discriminatory data access, setting

GLOSSARY

of data product standards, and development of compatible data products, services, and
applications.

D
Digital Elevation Model (DEM): Topographic (three-dimensional) map.

Disaster: An event in which the impact of a hazard results in unacceptable levels of damage or
numbers of casualties

Drought: A temporary reduction in water or moisture availability significantly below the
normal or expected level for a specific time of year

E
Earthquake: A release of the strain energy which has been accumulated in a range of rock
area/volume compressed by tectonic plate motions.
·

Economic and Social Commission for Asia Pacific (ESCAP): ESCAP works with national
member governments to promote economic and social co-operation within the region. It has a
number of sub-groups that facilitate the use of space technology applications tow~ds
sustainable use of natural resources, environmental management, disaster monitoring and land
use mapping.

El Nifio: An anomalous warming of ocean water resulting from the oscillation of an oceanic
current in the South Pacific, usually accompanied by heavy rainfall in the coastal region of Peru
and Chile, and reduction of rainfall in Southern Africa and Australia.

206 -~~~·

~-u

SOUTH EAST ASIA DISASTER MANAGEMENT SYSTEM

F
Fire: Natural disaster typically triggered by lightning strikes in dry vegetation or by incidents
of arson.

Fixed-Link network: Basic telephone network comprising subscriber lines, exchanges and
inter-exchange lines. More correctly, this should be called the Public Switched Telephone
Network(PSTN) but it is referred to here as the fixed-link network to distinguish from cellular
radio and satellite networks.

Flash floods: Floods that can occur within minutes or hours of excessive rainfall or a sudden
release of water.

Flood: Any relatively high water flow that overtops the natural or artificial banks in any portion
of a river, stream or coastal area.

G
Geographic Information Systems(GIS): A computer-based technology used to capture, store,
edit, display, analyse and plot geographically referenced data at any scale. It helps support
decision making where good spatial information is desired.

Geomatics: Geomatics is a new field of digital remote sensing technologies integrating
telecommunications, telemetry and positioning services, GIS, .spatial modelling and computer
analysis.

GLOSSARY

H
Hazard: Any phenomenon, material or structure that has the potential to cause disruption,,or
damage to people, their property or their environment

I
Interconnection: Technical, organisational and financial standards which allow the
interconnection of two or more distinct networks, for instance the cellular radio network and
the fixed-link network within a country.

Interferometric Synthetic Aperture Radar (IFSAR): A remote sensing technology that
enables the generation of 3-dimensional topographic map (DEM).

International Finance Corporation (IFC) : Previously called the International Development
Corporation, created in 1956 to complete the action of the World Bank. Its mission is to
promote private sector investment in developing countries, which will reduce poverty and
improve people's lives.

International Monetary Fund (IMF): Cooperative financial institution that was created in
1944 at the Bretton Woods Conference and that is operational since 1946. This institution is
similar to the World Bank and it provides a framework for enhanced consultation amongst its
182 member countries and helps maintain a moderating system for the trade of currencies.

L
Landsat: LANDSAT-1 is the first earth observation satellite in the world launched by the US
in 1972 and its excellent observation ability brought about large progress in remote sensing
from space. Landsat-7 was just launched with 15 m enhanced TM sensor by NASA for
Mission to Planet Earth.
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Landslide: Abrupt short-lived geomorphic events corresponding to the rapid downward motion
of soil and rock materials in sloping terrain.

Leased line: A point-to-point communication channel or circuit that is committed by the
network operator to the exclusive use of an individual subscriber. Under national law, leased
lines may or may not be permitted to interconnect with the public switched network.

Light Detection and Ranging (LIDAR): Active sensing system which sends and receives
waves in the visible portion of the electromagnetic spectrum to determine the range of objects.

Long term post-disaster phase: The long term phase following a disaster focuses on the
coordinated process of supporting affected communities in the reconstruction of their physical
infrastructure and the restoration of their emotional, social, economic and physical well-being.

Long term pre-disaster phase: This phase covers all measures that can be taken well in
advance of any anticipated disaster to reduce vulnerability by either eliminating the potential
hazard, or alleviating, mitigating or minimizing the impact of the disaster when it occurs.

M.
Mekong Project Development Facility (MPDF): The Mekong Project Development Facility
provides companies with local and international assistance in engineering and business
development. It provides specialized assistance to these companies through support to private
sector managers with plans of expansion, and to organisations that provide business support
services to private companies.

Mekong River Commission (MRC): The Mekong River Commission was established by five
countries, Cambodia, China, Lao PDR, Thailand and Vietnam in 1995, to replace the Mekong
Committee (established in 1957). The MRC consists of three permanent bodies: the Council
(Minister/Cabinet level), the Joint Committee (head of department level) and the Secretariat
(the technical and administrative staff).

Microwave Water Radiometer (MWR): Instrument that provides measurements of amounts
of water and water vapour.

GLOSSARY

Millimetre Wave Cloud Radar (MMCR): Remote sensing technology which is able to
detennine the location of cloud boundaries (e.g. , cloud bottoms and tops).

Mitigation: Short term pre-disaster phase

Mobile cellular service: A communication service in which voice or data is transmitted by
radio frequencies. The service area is divided into cells, each served by a transmitter. The cells
are connected to a controlling switching exchange which is connected to the worldwide
telephone network.

N
National Oceanic and Atmospheric Administration (NOAA) : NOAA warns for dangerous
weather, charts our seas and skies, guides our use and protection of ocean and coastal resources,
.and performs research to improve our understanding and stewardship of the environment which
sustains us all.

p
Paging: A mobile radiocommunication service offering, usually one-way, of numeric or textual
information to small pocket devices.

Preparedness: Long term pre-disaster

Private network: A network based on leased lines or other facilities which are used to provide
telecommunication services within an organisation or within a closed user group as a
complement or a substitute to the public network.
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R
Radarsat: The first Canadian remote sensing satellite launched in Nov. '95 with Synthetic
Aperture Radar that pro.vides 9 metres resolution at 50 kilometre swath width in the fine
resolution mode and 100 metres resolution at 500 kilometre swath width in ScanSAR mode.

Radio licensing: An administrative procedure for selecting operators and awarding franchises
for the operation of particular telecommunication services, for instance cellular radio.

Recovery: Long term post-disaster phase

Response: Short term post-disaster phase (another term used is relief, which is often considered
to include both the post-disaster phases)

River floods: Floods that occur following winter and spring rains that may coupled with
snowmelt, or with torrential rains from decaying tropical storms and monsoons.

s
Short term post-disaster phase: This phase of disaster management covers the period during
and immediately after the onset of a disaster. Actions taken in this phase are directed at
minimising the immediate effects of the disaster and ensuring that people affected are given
rapid relief and support.

Short term pre-disaster phase: Once a possible disaster has been predicted, or is known to be
imminent, measures taken in this phase are specifically targeted to eliminate or decrease its
impact on society and the environment. These include contingency planning and the issuing of
warnings. The timeframe of activities undertaken in this phase can range from hours to weeks.
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South East Asia (SEA): For the purpose of this project, the area covering the countries which
are members of the Association of South East Asian Nations (ASEAN): Brunei, Cambodia,
Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore, Thail and, Vietnam

South East Asia Disaster management System (SEADS): Offers a solution-based approach
to disaster management. It includes a high-level view on the existing situation. It identifies the
needs and gaps of existing systems and offers progressive solutions based on the availability of
resources in and for the countries concerned.

Spectrum: The radio frequency spectrum of Hertzian waves used as a transmission medium for
cellular radio, radio paging, satellite communication, over-the-air broadcasting and other
services.

SPOT: French commercial remote sensing system that has 10 and 20m spatial resolution, 60
km swath width and stereo viewing ability.

Synthetic Aperture Radar (SAR): SAR systems take advantage of the long-range propagation
characteristics of radar signals and the complex information processing capability of modem
digital electronics to provide high resolution imagery. Synthetic aperture complements
photographic and other optical imaging capabilities because of the minimum constraints timeof-day and atmospheric conditions and because of unique responses of terrain and cultural
targets to radar frequencies.

T
Tactical Endurance Synthetic Aperture Radar (TESAR): Instrumentation that is able to
produce high-resolution tactical aerial imagery. Since it is an active system, it can operate at
night. It uses a signal at a frequency of the electromagnetic spectrum that is not attenuated by
the presence of clouds.

Topographic Synthetic Aperture Radar (TOPSAR): Interferometric radar system that is
flown on the NASA DC-8 aircraft. Equipped with two antennas, it is able to generate digital a
topographic map.
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Tropical cyclone: Intense storm which forms over warm tropical oceans and threaten lives and
property primarily in coastal locations of the tropics, subtropics, and eastern continents in midlatitudes. The term "tropical cyclones" is generally used to include typhoons, tropical storms,
tropical depressions, and tropical cyclones.

Tsunami: Huge sea wave attributed to various phenom'!na: undersea volcanic activity,
landslides or fault movement of the sea floor accompanying an earthquake.

u
United Nations Development Program (UNDP): The branch of the UN focussed on
development. It operates mostly on a country-by-country basis. Disaster management fits
mainly in the sustainable use of the environment portion of the UNDP mandate but it has an
impact on all development issues.

United Nations Environment Program (UNEP): It has the mission to provide leadership and
encourage partnerships in caring for the environment. Its approach is to inspire, inform and
enable nations and people to improve their quality in without compromising that of future
generations.

Unmanned Air Vehicle (UA V): Air vehicles operating without a pilot.

v
VCL (Vegetation Canopy Lidar): Space based laser transmitter system that incorporates five
lasers as part of a lidar system mounted on a free-flying spacecraft.
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GLOSSARY

w
World Bank: The World Bank was created at the Bretton Woods Conference in 1944 to
finance post-World War II reconstruction and development projects by lending money to
member governments. It works with government agencies, non-governmental organisations
and the private sector to fonnulate assistance strategies.

214·~~·

~-u

