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ABOUT THE INTERNATIONAL UNION OF GEODESY AND GEOPHYSICS

The International Union of Geodesy and Geophysics (IUGG), founded in 1919, is dedicated to
the scientific study of the Earth and the application of the knowledge gained by such studies to
the needs of society, such as more rational use of mineral resources, reduction of the effects of
natural hazards, and environmental protection. The Union's objectives are the promotion and
coordination of physical, chemical, and mathematical studies of the Earth and its environment in
space. These studies include the dynamics of the Earth as a whole and of its component parts, the
Earth's internal structure, the hydrologic cycle including snow and ice, all aspects of the oceans,
the atmosphere, the ionosphere, magnetosphere, and solar-terrestrial relations.
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ABOUT THE ITUGG COMMISSION
ON GEOPHYSICAL RISK AND SUSTAINABILITY

The lUGG Commission on Geophysical Risk and Sustainability (IlUGG Georisk Commission) is
dedicated (i) to promoting scientific studies applied to the reduction of risk from natural hazards
in an increasingly urbanized world and sustainability and (ii) to reducing death and destruction
from natural and technological hazards by providing hazards data and information to emergency
managers, policy-makers, scientists and the general public in the most timely and effective
manner as possible. This includes the integration of knowledge concerning environmental, social
and economic processes. The fundamental scope of this Commission is to facilitate
communications — between scientists via meetings, workshops and publications, as well as
between scientists and decision makers, between scientists and the public, and between scientists
and schools.
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The following statement sets forth the basis for the position of the IUGG GeoRisk
Commission, and illustrates the importance of urgent measures to reduce the effects of
natural hazards in the Indian Ocean region and elsewhere. The following statement was
adopted by the IUGG Commission on Geophysical Risk and Sustainability on January
7, 2005. The Commission believes that this statement summarizes the views of
geophysicists with expertise in matters related to risk and sustainability.
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A magnitude 9 great earthquake occurred on December 26, 2004 off the west coast of northern
Sumatra, South Asia. According to the preliminary estimates, the earthquake's hypocenter was
located at a depth of about 30 km below the oceanic floor. This devastating megathrust
earthquake occurred a the interface of the India and Burma plates and was caused by the release
of tectonic stresses that develop as the India plate subducts beneath the overriding Burma plate.

Huge oceanic waves (tsunami) were spawned by this great earthquake. Not al large earthquakes
beneath the ocean floor generate tsunamis, but this one did. The M=9 Sumatra-Andaman Islands
earthquake was an event of a low probability but high dramatic consequences. Nobody expected
such a great earthquake in the Indian Ocean, and such a powerful trans-oceanic tsunami was
never previously observed in the Indian Ocean. More information related to the December 26,
2004 earthquake and tsunami event is available at the joint IUGG/TC-ITIC-ICG/ITSU site
(http://tsun.sscc.ru/tsulab/20041226.htm) [1].

The coastal zones around the Indian Ocean were assailed by the mountainous violent tsunami,
which brought a great Tragedy to the region. According to News reports, as of 01/06/2005, more
than 150,000 people were killed by the tsunami in Indonesia, Sri Lanka, India, Thailand,
Somalia, Maldives, Malaysia, Myanmar, Tanzania, Seychelles, Bangladesh, and Kenya. More
than 500,000 people were injured, and up to 5 million are lacking for basic services. The number
of victims increased each passing day as more casualties were found and as disease and food
shortages claimed survivors. The tsunami crossed into the Pacific Ocean and was recorded aong
the west coast of South and North America. The M=9 Sumatra-Andaman |slands earthquake was
felt (intensity VI1II) at Banda Aceh and (V) at Medan, Sumatra. It was also felt in Bangladesh,
India, Malaysia, Maldives, Myanmar, Singapore, Sri Lanka and Thailand. This is the fourth
largest earthquake in the world since 1900 and is the largest since the 1964 Prince William
Sound, Alaska earthquake. This has been a great tragedy of the early X XI century! Our hearts go
out to those in the surrounding countries of the Indian Ocean who have suffered losses of loved
ones and personal property during the geophysical disasters of December 26, 2004.

It is common knowledge that timely warnings save lives. It is also common knowledge that
tsunami warning systems in the Pacific Ocean have proved to be effective over several decades
[2, 3, 4]. It was a surprise to many to learn that there are no regional tsunami warning systems
and stations in the Indian Ocean. These days the world faces tragedies caused by ignorance and
irresponsibility.

After the great 1755 Lisbon earthquake, Immanuel Kant wrote: “Providence cannot be blamed if
we are erecting edifices at places with earthquake dangers’ [5]. Even in the XVIII century it was
recognized that preventive measures at earthquake prone regions have to be undertaken before
the disaster happens. For the first time in history, the Lisbon earthquake forced governmental
institutions to take responsibility for the consequences of a disaster.

The level of preparedness to the disaster events of December 26th in all affected countries turned
out to be extremely low, partly, because it happened without any warning. But even if the
warning had been sent to the appropriate national authorities, it is unlikely that it would have
been delivered to the public on beaches and in water-front hotels in a timely manner. It is also
unlikely that people would have responded to it in appropriate manner, since most of them did
not believe that such a disaster could affect them.
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Who is responsible for the low preparedness to such disasters in this region? The scientists who
did not expect such large events in the region or the Governments who had not thought about
such natural disasters or had not considered setting up a tsunami-warning network in the region?
As an example, Indian geoscientists did not expect such a great earthquake in the ocean and such
a powerful tsunami along its southeast coastline. Hence no measures were undertaken in the
region by the Indian Government to alert the public to the danger (e.g. a development of tsunami
watch or tsunami network). Meanwhile, the Government exerts efforts to monitor other types of
natural hazards (e.g. aradar warning system was set up in early 1970s to monitor cyclones in the
Bay of Bengal).

Between 1900 and 25th December 2004, the largest earthquake along the subduction zone from
southern Sumatra to the Andaman Islands occurred in 2000 and had a magnitude of 7.9. A
magnitude 8.4 earthquake occurred in 1797, a magnitude 8.5 in 1861 and a magnitude 8.7 in
1833 and were all followed by powerful tsunamis (300, several thousand and 36,000 fatalities,
respectively) (see http://www.gps.caltech.edu/~sieh/publications/al0.html

and http://tsun.sscc.ru/tsulab/20041226tsun.htm).

Therefore, the TUGG Commission on Geophysical Risk and Sustainability recommends:

1. The countries around the Indian Ocean should set up a Disaster Management Center in
order to monitor land, ocean and atmosphere in relation to all kinds of natural hazards,
especially those related to coastal regions since we now have evidence of a strong coupling
between land-ocean-atmosphere. In fact, such Centers should be established in any disaster-
prone coasta region if they do not adready exist (e.g., Mediterranean Sea and Atlantic
Ocean). Improving our ability to monitor, forecast, mitigate, and respond to natural hazard
eventsis crucial to reducing the occurrence and severity of disasters.

2. In many developed nations, immediately after earthquakes, in less than a few minutes, the
news media begins broadcasting predictions of the tsunami height and arrival time according
to predictions provided by meteorological, seismological or other responsible agencies. But,
unlike the Pacific Ocean; there is no Tsunami Warning System in the Indian Ocean, hence
there were no predictions of the December 26, 2004 tsunami. Obviously, a Tsunami Warning
System should be set up in the region. This would be costly, but information is the only way
to save human lives. The tourist and other industries in the areas affected should urgently
assist financially the national and international institutions in order to install monitoring and
early warning systems. Before such a warning system is in operation in the region, the
Pacific Tsunami Warning Center in Hawaii [4] should extend its warnings to cover al
vulnerable areas in the Indian Ocean.

3. Multidisciplinary and multinational research programs and research networks on
geophysical hazards and risks (e.g. [6]) should be developed in the Indian Ocean countries
to integrate diverse data streams, to improve understanding of the natural phenomena
associated with the disasters, to develop predictive modeling capability, and to generate and
disseminate timely and accurate information needed by decision makers and the public.

The lTUGG Commission on Geophysical Risk and Sustainability considers:

4. Information alone cannot save human lives if no management procedures, public
preparedness, hazards maps, evacuation routes and shelters are prescribed prior to any
natural disaster. This is an education and training exercise. Scientists can help with the
design of those plans and practices. There are many hazards maps available in many
countries (e.g. [7]) and regions (including the northern Indian Ocean) on earthquakes,
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volcanic eruptions, floods, landslides etc. Research on temporal changes of vulnerability to
natural disastersis essential to update periodically natural hazard and risk maps.

5. Coordination of observation systems and data will reduce the losses due to natural disasters.
Improved monitoring of hazards and delivery of information about them are critical for
preventing hazards from becoming disasters. Natural hazards have a disproportionate impact
on developing countries where they are major barriers to sustainable development. The
IUGG GeoRisk Commission supports the GEOSS (Global Earth Observation System of
Systems) 10-year Implementation Plan [8] especially related to geophysical hazards and
risks in developing countries. An integration of INSAR technology for topography into
disaster warning and prediction systems is crucial for floods and coastal hazards. Real-time
monitoring of submarine seismic and volcanic activity and tsunami propagation should be
developed including re-use of submarine telephone cables. Extensive use of satellite data as
well as airplane laser scanning data is an important component of the disaster management.
Space Agencies should release the data to scientists and disaster agencies.

6. After a disaster occurs, rescue agencies and civil defense managers need immediate
quantitative estimates of the extent of the disaster and losses. Recent technological and
communication advances are improving the speed and accuracy of loss estimates
immediately after natural disasters (e.g. earthquakes, tsunamis, etc.) so that injured people
may be rescued more efficiently. Underestimations of the extent of earthquake and tsunami
disasters lead to delays in rescue operations and hence to an increase in casualties. In many
developing countries, urbanization and population are increasing at an unprecedented pace.
Therefore, it is necessary for loss estimation to include information on the present population
as well as current quality of buildings and the soil properties. The IUGG GeoRisk
Commission supports the International Association of Seismology and Physics of the Earth's
interior (IASPEI) Commission on Earthquake Hazard, Risk and Strong Ground Motion,
which fosters the development of rapid worldwide earthquake loss estimates [9].

7. Scientists can and should help to save human lives by providing governmental institutions
with accurate predictions on natural disasters with a good lead time. Real-time earthquake
prediction experiments (e.g., quantitative predictions of large earthquakes by M8 algorithm
[10]) have proved statistically that seismic activity is not totally random. Thus scientists and
decision makers have a probabilistic advantage in predicting large earthquakes. And hence
scenarios (quantitative models) of tsunami can be analyzed for such large earthquakes. In the
modeling of tsunami the measurements of the focal mechanism (seismic moment tensor) and
radiated energy of earthquakes are important. These measurements are now possible by using
the present global/regional digital seismological networks. False tsunami alerts can also be
reduced by systems such as the Deep-Ocean Assessment and Reporting of Tsunamis
(DART) Project developed by NOAA'’s Pacific Marine Environment Laboratory (PMEL)
[11]. Because science is responsible for providing proper predictions of natural phenomena
that cause disasters, reduction of predictive uncertainty is the most important challenge in
natural hazards mitigation [12]. lUGG Commission on Geophysical Risk and Sustainability
Is focusing on this objective as a common mission in all the GeoRisk community.

Furthermore, the lUGG Commission on Geophysical Risk and Sustainability considers.

As the global population continues to increase, our vulnerability to natural disasters is magnified
with each passing year. The tragic events at the end of 2004 have illustrated once more the
vulnerability of humankind to natural threats. Scientists must apply their expertise and
experience to the mitigation of these disasters. To mitigate and adapt to large-scale disasters, the
scientific community must be involved in an extensive campaign of knowledge exchange and
communication with the various groups involved including government officials, the general
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public, etc. Risk evaluation must rely heavily on modeling and visualization of physical,
technological, biological and social processes and their implications. The results must be easily
grasped by emergency planners, the insurance industry, policy makers, and the public.

Scientists also need a deeper understanding, based on work across disciplines, of all of the
processes that are involved. Scientists and their institutions have an obligation to work with the
public to earn their trust and understanding. They must also be mindful of public concerns and
the risk perceptions that underlie them. In many cases the interaction between science, risk, and
society takes place within the legal system. Ongoing communication between the various groups
needs to integrate the human dimensions. Scientific knowledge and scientific initiatives can be
useful as a basis for public policy when they are acceptable to society from moral and ethical
points of view. The science must interface coherently with public policy and social expectations,
again illustrating the need for more carefully planned communication and consultation.

Living in an often turbulent and unpredictable public environment, scientists can contribute to

decision-making through a risk management framework that examines natural, technical and

social issues related to sustainability and consists of the following:

- Anticipates natural and human-made risks through widespread consultation.

- Determines concerns by using risk assessment techniques for various scenarios.

- ldentifies the consequences by systematically cataloguing hazards.

- Undertakes calculations using appropriate models.

- Evaluates the certainties, uncertainties, and the probabilities involved in the calculations of
the vulnerability and of the exposure.

- Determines and acts on options to control, mitigate and adapt to the risk.

- Communicates the results to those who need to know.

- Promotes and guides monitoring systems to collect, assimilate and archive data relevant to
the determination of sustainability and risk, now and in the future.

- Integrates the knowledge and understanding from all relevant disciplines to provide society
with the tools to review the sustainability and the risks of proposed policies and plans.

Though rational scientific methods hold the promise of an improved science of risk and
sustainability, it must be remembered that the priorities for analyses are likely to be heavily
influenced by the public and political agenda of the day. This means that implementation of risk
management to achieve sustainability can be achieved only through an interaction of theory and
praxis.

Further progress in natural hazard and risk reduction requires answers to key questions:

- What technologies and methodologies are required to assess the vulnerability of people and
places to hazards and how might these be used at a variety of spatial scales?

- How have humans altered the geosphere, the biosphere and the landscape, thereby promoting
and/or triggering certain hazards and increasing societal vulnerability to such hazards?

- How do hazards compare relative to each other regarding current capabilities for monitoring,
prediction and mitigation and what methodologies and new technologies can improve such
capabilities to help civil protection at local and global scales?

- What arethe barriersto the utilization of risk and vulnerability information by governments
(and other entities) for risk and vulnerability reduction policies and planning (including
mitigation) from various hazards?
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