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In this issue
Disaster reduction, poverty reduction and sustainable development
are inextricably linked. A rising toll
from natural disasters, in particular
floods, during the past half-century
has highlighted the need for factoring potential risks from such disasters into development planning.
Traditionally, flood management
has been problem-driven and a
mono-disciplinary pursuit. In his
interview, Li Guoying discusses
how flood-protection works have
supported the development process in China. The reason that human
beings take the risk of living in
flood-prone areas is that the floods
also have many beneficial impacts.
Worldwide, people will not, and
in certain circumstances cannot,
abandon flood-prone areas. It is
vital to understand the interplay of
floods, the development process
and poverty in order to ascertain
the way in which current and future
development planning and implementation can increase vulnerability
and risk. There is a need to find
ways of making life and development sustainable in the floodplains,
even if there is considerable risk to
life and property.
The article “Sustainable develop
ment through integrated flood
management” by V.K. Mathur et
al. brings out these issues in a
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succinct style and shows the way
forward. Large-scale urbanization, inadequate urban drainage,
road and rail embankments in
lowlands and coastal areas can
obstruct flood flows and accentuate flood conditions upstream as
well as downstream. Development
activities, therefore, have to be
coordinated in such a way that
they do not contribute to increasing the intensity of the extent of
the hazard. Balancing development needs and risks is, therefore,
essential. The integrated flood
management approach advocates
a balance between structural and
non-structural measures. The
authors emphasize the need to shift
from large structural solutions to
innovative measures in flood proofing, improved building codes, and
non-structural measures such as
land-use regulation, compensation and insurance schemes and
the increased participation of local
communities in prevention and
preparedness schemes.
With increasing population, more
and more people are forced to
occupy hitherto uninhabited areas
exposed to hazards. Appropriate
flood-risk assessment through the
use of flood-hazard maps is an integral part of development planning.
Such maps can be adapted for emergency relief and rescue operations

as well as for development strategies. There is also a need to educate
the public in their use.
According to the Intergovernmental
Panel on Climate Change (IPCC),
there were probably no widespread
changes in the frequency or intensity of tropical storms in the 20th
century. It is likely, however, that
precipitation in the middle to upper
latitudes of the northern hemisphere
increased by up to 10 per cent, due
mainly to extreme weather. The
IPCC also notes that there are other
factors to be taken into account
when assessing the impacts of
such changes: population growth,
increased wealth, demographic
shifts, and changes in land use and
the value of various goods. More
casualties of weather may simply
mean the presence of more people,
while greater economic losses could
merely result from greater wealth.
Through his article “Climate change
and floods”, Zbigniew Kundzewicz
delves into the scientific understanding of the issue and affirms that
there is still a great deal of uncertainty in ascertaining climate change
impacts on the frequency of floods.
The functioning of the river basin as
a whole is governed by the nature
and extent of the interchanges of
the land and water, the catchment
and the river. Deforestation and

soil erosion, combined with saturated soils, can lead to landslides,
mudflows and other threats to
human settlements. At the same
time, certain flood-management
interventions adversely impact riverine ecosystems such as wetlands
that develop around floodplains.
Floods can also induce major
changes in river morphology, mobilize nutrients and contaminants in
the soil, release other contaminants
from storage depots, and discharge
effluents to the river. The article
“Integrated flood management:
some environmental issues“ advocates the integrated approach to
flood management by streamlining
it within integrated water-resources
management strategies.
The most critical element in the
suite of activities associated with
a flood-loss reduction strategy
is emergency preparedness and
response. A flood forecasting, warning and response system comprises
an important element of integrated
flood management. The benefits
of flood forecasting, warning and
response are virtually self-evident,

particularly for power generation,
navigation and irrigation. Carlos
Tucci and Walter Collischonn
describe a flood-forecasting system
for the Uruguay basin. A rapid and
dependable distribution system for
forecasts, advisories and warnings
to all interested parties to enable
a prompt and effective response
to warnings forms an integral part
of an end-to-end flood forecasting
system. Information technology in
the form of television, the Internet
and mobile phones is widening the
outreach of forecasters. The article
also explores the frontiers of new
technologies in satellites, communications, meteorological forecasting,
and computational sciences to
enable the use of numerical weather
prediction in flood forecasting.
This has been further explored in
the article “Towards a capability
for global flood forecasting” by
D.P. Lettenmaier, A. de Roo and
R. Lawford. They have presented
a case for a possible global flood
forecasting system, which, if implemented, could provide tremendous
benefits to the countries affected by

floods but having no flood monitoring and warning system in place.
It is hoped that this issue of the
Bulletin on the theme “Floods and
sustainable development” will
contribute to a comprehensive understanding of flood-management issues
and help various stakeholders,
particularly National Hydrological
and Meteorological Services to play
their assigned roles.
Another notable article in this newly
designed issue of the WMO Bulletin
is the speech by John W. Zillman,
former President of WMO, on the
occasion of his receiving the 50th
IMO Prize in May 2006. He looks back
on his involvement over the years
with WMO and looks forward to the
future of international meteorological
cooperation in the 21st century.
This feature is followed first by
“Research to support improved
tropical cyclone landfall forecasts
and warnings” by Russell Elsberry
and then a history of the World
Climate Research Programme by
Larry Gates and Roger Newson.
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Interview with
Li Guoying
a discharge capacity of maximum
flood recorded since the 1950s for
large rivers and five- to ten-year
flood frequency for smaller rivers.

Li Guoying
China has suffered the loss of
millions of lives to floods and
droughts. Although the last decade
saw floods of a similar magnitude,
the number of casualties was
comparatively low. What measures
have been taken to overcome these
extreme events?
We have adopted an approach to
flood management which integrates
structural and non-structural measures, balancing human needs with
ecological conservation. Through this
integrated approach, socio-economic
development and effective disaster
prevention have been possible.
Embankments, reservoirs and
flood-retention areas have been
established to increase flood control
and enable drought management.
The structural flood-control system
in China is designed basically for

158 | WMO Bulletin 55 (3) - July 2006

Non-structural flood control measures
have been optimized, mainly by developing and applying flood-forecasting
and warning systems, implementing laws, regulations, policies and
economic approaches. These include
managing river channels, providing
water-retention areas, guiding people
who are living in those areas to safer
places, and evacuation and rescue
during floods. Potential flood risks are

Li Guoying was born in Yuzhou
City, Henan Province, in 1964. He
graduated from the North China
Institute of Water Conservancy and
Hydroelectric Power in 1984 and
then began work as an engineer
at the Yellow River Conservancy
Commission (YRCC). He has been
commissioner of the YRCC since
May 2001.

being reduced to a level which the
society and economy can address
and flood prevention schemes have
been established against extremely
large floods.
This approach has strengthened
public awareness of disasterprevention and reduction measures,

enhanced disaster-response ability,
and has encouraged public involvement in flood control and disaster
relief management. It has enabled
a human defence system, whereby
flood control and disaster relief
management are suitable to both
society and the economy.
What major shifts have taken place
in the flood policies of China in the
recent past?
In recent years, the Ministry of
Water Resources of China has made
the shift from traditional to modern
water- resources management to
ensure sustainable socio-economic
development. River channels,
lakes, multi-purpose engineering
works and water-retention areas,
disaster-relief systems, floodforecasting and warning systems
and flood-risk management principles have all been studied. The
main foci were strengthening weak
points, the rational use of flood
and rainfall, establishing a floodmanagement mechanism and
continual improvement of the
integrated flood control and
disaster-relief system.
Based on past experiences and indepth analyses, China has instituted,
among others, a Water Law, a Flood
Control Law and a Soil and Water
Conservation Law. New strategies,

(YRCC), together with the provinces
of Shanxi, Shaanxi, Henan and
Shandong, have set up a Yellow
River flood control and droughtrelief headquarters, which shoulders
the responsibility of regulation and
management.

Photo: Zhang Zaihou

In view of China’s fast growing
economy, what special measures
are required that fall within the
competency of the Yellow River
Conservancy Commission?

Dyke works in Liangshan county

concepts and objectives have been
integrated into other laws to clarify
activities related to water-resources
development, utilization, conservation and protection, and disaster
prevention. These mechanisms have
enabled social and economic activities to be adapted to flood rules.
How are the risks due to flood
hazards and sustainable development balanced in the Yellow River
basin? How are various stakeholders involved in decision-making?
Since the 1950s, large-scale infrastructures, such as reservoirs, have
been built on the mainstream of
the upper and middle reaches of
the Yellow River to address flood
control and drought management.
This has improved irrigation, as well
as domestic and industrial water
use. Embankments and engineering
control works have been reinforced,
supported by soil conservation works.
By ensuring the safety of the Yellow
River against floods, sustainable

development of industry, agriculture
and cities along the Yellow River is
effectively ensured.
Management and development
of the Yellow River must take into
account the interests of all regions

The Yellow River is the lifeblood of
the Chinese nation. With the rapid
social and economic development
in the basin and adjacent regions,
problems such as water shortage
and water-quality deterioration are
encountered. The YRCC adopts
measures to support social and
economic development through
sustainable water use.
These include measures for protecting water resources, as well as for
water- pollution prevention and
treatment. A regulatory system has
been developed for each stage of
the process, i.e. implementation,

We believe that the Yellow River belongs not only to
China, but to the world.
and sectors. All significant issues
are carefully studied and the decisions are made together with local
governments and communities.
First, the relevant departments
jointly formulate a draft plan and
comments are requested from
various sectors. Only then is the
plan finalized and submitted to
the appropriate state department
for approval. During implementation, various sectors are consulted
to further improve it. The Yellow
River Conservancy Commission

feedback and decision-making,
which takes into consideration
the interactions of the upper and
lower reaches, left and right banks,
irrigation and power generation,
etc. At the same time, the YRCC
has enhanced supervision and
management. Automatic and remote
observations and measurements
have brought about improved
management at all levels.
To solve the conflict between water
supply and demand, the YRCC
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From a long-term perspective,
integrated Yellow River management will be adopted by enhancing
groundwater management and
transferring water from south to
north.
You have been a strong advocate
of “maintaining the healthy life of
the Yellow River”. Given development imperatives, how can this be
achieved?
Ensuring its healthy life is the
overall objective of Yellow River

Photo: Tang Hua

has developed a water-use plan
according to a long- and mediumterm supply-and-demand pattern,
and currently available water
resources. Annual water-use plans
are issued to users for balancing
demand between cities and among
sectors and to ensure an adequate
supply for priority areas in case
of drought. It has also established
practical water-saving regulations,
encouraging domestic users to
adopt water-saving technologies
and devices, appropriate agriculture practices, adjusting industrial
structure in the river basin, developing industrial water-saving; and
establishing a price system that
corresponds to the market economy.

The downstream channel model of the Yellow River

management. It has been embodied in the new river management
concept, with four-fold objectives:
• No dike breaching
• No drying-up of river channels
• No water-quality deterioration
beyond the standard, and
• No further rise of the river bed.
The four objectives can be realized
through nine approaches: reducing sediment into the Yellow River;
managing water use in the river
basin and adjoining regions; diverting water from other river basins to

Physical parameters

The relationships among the “three Yellow Rivers”

s

Possible schemes
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the Yellow River; constructing a
water and sediment regulation
system; establishing and implementing scientific management
schemes for the lower Yellow River
channel; forming runoff processes
which prevent the main river channel from shrinking; protecting water
resources to meet quality demands;
managing the estuary to reduce
its negative influence on the lower
river channel; and keeping the delta
ecosystem healthy.
In order to implement the above
approaches, we have to study and
demonstrate the impacts of each
detailed scheme in the context of
three Yellow Rivers: the Real Yellow
River, the Digital Yellow River and
the Physical Scaled Model Yellow
River. By improving the system
of the three Yellow Rivers, we
can ensure effective, economic,
safe and reliable approaches and
technologies. This requires close
collaboration between various scientific disciplines and government
organizations such as the China
Meteorological Administration, and
various educational and research
institutions.

Are the present institutional arrangements and mindset adequate to
handle the multidisciplinary inputs
required to address these issues?
How important is the legal and institutional framework for putting plans
into practice?
The present management mechanism has evolved through long-term
development. The YRCC is in
charge of, and directly manages,
key reaches, while local governments are responsible for regional
management. This mechanism
plays an important role in ensuring the safety of the Yellow River
and promoting social and economic
development.
A management mechanism must
not be rigid. It must evolve with the
social environment. In recent years,
as the economy has developed,
new conflicts and problems have
emerged, such as between development and environmental protection;
interregional and interdepartmental water use; alleviating disasters
and gaining benefits; national and
local benefits, etc. In addition, there
are a number of regions and multidisciplinary users with an interest
in harnessing and developing the
Yellow River. It is complicated to
coordinate relationships and balance
benefits. The challenges in water
affairs are more complex, compared
with other areas of development.
Strengthening the integrated plan,

managing the Yellow River basin
and coordinating the various uses
are issues which need to be urgently
addressed.
We hope to establish a legal system
for managing the Yellow River
(Yellow River Law) to improve waterresources management capability
within the existing legal framework,
taking the special situation of the
Yellow River into due consideration. Rights and obligations of the
management agencies and their
respective responsibilities will be
defined through legislation, as well
as economic and administrative
instruments. It will be beneficial for
integrated water-resources management in the whole basin, because
it will avoid the segmentation of
provincial management and help
tackle the problems of flood risk,
pollution and soil erosion.
The Yellow River is known for its
extraordinary sediment yield. What
are its major causes? Could you
share with our readers the various
measures that the Yellow River
Conservancy Commission has
planned and implements to tackle
this problem?
The Yellow River runs through the
largest loess plateau in the world.

Its loose soil, dry climate, sparse
vegetation, steep slopes, violent
storms and inappropriate land practices result in severe water and soil
erosion. According to the assessment carried out by remote-sensing
in 1990, 70.9 per cent of the total
loess plateau area (640 000 km2)
is prone to water and soil erosion.
Moreover, the area affected by
severe water erosion is 85 000 km2,
which is 64 per cent of the total area
of China affected by water erosion.
The sediment problem is not only
one of too much silt but also of
less water, causing disequilibrium
between water and sediment. The
approach to balancing the water
and sediment relationship includes
increasing river flows, reducing
sediment and balancing water and
sediment.
One way of increasing river flow
is saving water by avoiding flood
irrigation. This has limited potential
as it is difficult to balance the water
and sediment only through saved
water. The other way is to supplement flows into the Yellow River by
implementing the western route of
water transfer from south to north.
The Yellow River is like a person:
the more water that is used, the
more blood will be lost. When loss

Photo: Yin Hexian

The four objectives, nine
approaches and three Yellow Rivers
are interrelated and synergized.
They constitute the initial theoretical framework of preserving the
healthy life of the Yellow River. We
believe that, within a few years, an
energetic new healthy Yellow River,
with constant flow, will emerge and
benefit the Chinese nation in an
optimal way.

The boundless stretch of the rolling and gullied loess plateau
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of blood endangers life, a blood
transfusion is necessary. Increasing
water is like a blood transfusion for
keeping the Yellow River healthy!
It is important to reduce the coarse
sediment that is deposited mostly
in the lower river channel. We have
adopted measures to build three
lines of defence to prevent this. The
first is to trap coarse sediment in
the loess plateau by soil conservation works. Warping dams and other
relevant vegetative measures focus
on the source areas of the sediment. The second line of defence
is to store coarse sediment on the
Xiaobeiganliu floodplain, while the
fine sediment is discharged into the
Yellow River. The effectiveness of
this measure depends on natural
power and the facilities to screen
coarse sediment from fine. The
third line of defence is to trapping
coarse in the Xiaolangdi reservoir
and releasing the fine sediment
downstream.

How do you take into account
similar experiences from other river
basins and how do you share your
experiences with the international
community?
The Yellow River has its special
characteristics but also shares some
with other rivers. The YRCC follows
the principle of opening to the
world and sharing experiences of its
development strategies. It actively
develops cooperation and exchange
with other river basin agencies,
water organizations and institutes
worldwide. International cooperation and communication activities
are carried out in various ways.

Photo: Zhu Weidong

Generally speaking, water and
sediment flow can be regulated
by releasing water from reservoirs
to create flow conditions which

flush sediment deposited in channels and reservoirs out to sea. Trial
results from three experiments have
shown that it is possible to change
the water-sediment relationship to
increase erodibility of the riverbed
and reduce sediment deposition.
Emphasis should be placed on
continuous regulation of water and
sediment flow in the long term and
the joint operation of several reservoirs, including for water transfer
from south to north.

The density current released with sediments from Xiaolangdi Reservoir
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Hundreds of water experts from
other institutions and countries visit
the YRCC every year. The YRCC
also organizes study tours for water
experts and river basin managers
to exchange experiences in project
development and research.
International cooperation
programmes aim to keep the Yellow
River healthy by combining practical
experiences in integrating water and
soil erosion, ecosystem conservation, flood control, forecasting and
warning, dike reinforcing and water
retention management within the
IWRM principles. The YRCC has
cooperated with a number of development banks.
Since 2002, the YRCC has implemented a five-year programme to
train professional who have international cooperation skills. Ten water
experts are selected every year to
study the new concepts of waterresources management abroad.
Until now, the YRCC has trained
about more than 40 persons.
The YRCC participates actively in
international water events such as
the Stockholm World Water Week,
the International Symposium on
River Sedimentation, the 4th World
Water Forum and the International
Congress of International
Commission on Irrigation and
Drainage. These events provide us
with the opportunity to disseminate
Yellow River management achievements and learn from others.
The YRCC established the Yellow
River Forum to exchange experiences and promote cooperation
among Chinese experts and those
from abroad. The first two forums
were held in 2003 and 2005 and
the YRCC is currently preparing the
third Forum which will be held in
October 2007.

Flood forecasting and warning has
a special role in adopting an integrated approach to flood management. Could you provide some
information on the flood forecasting
system in China in general and the
Yellow River basin in particular?
The Hydrological Bureau of the
Ministry of Water Resources has
developed a national flood forecasting system for the main rivers
of China. The economic and social
benefits of flood forecasting in China
are remarkable. Direct economic
benefit amounts to tens of billions
RMB each year. In 1998, the direct
benefit through disaster reduction
was above 80 billion RMB. The main
flood forecasting methods adopted
in China use rainfall and runoff
models and flood-routeing models.
Distributed hydrological models
have been tested for research in
some small river basins, but have
not yet been put into practice.
Rainfed floods in the Yellow River
Basin are characterized by uneven
temporal and spatial distribution of
precipitation, high sediment content
of the floodwaters and abrupt rise
and fall of the waters. In the upper
Yellow River, Xiaobeiganliu, the
Weihe River and the lower Yellow
River, flood-routeing methods have
been adopted for flood forecasting. In the Sanmenxia-Huayuankou
reach, a rainfall-runoff forecasting

method is adopted. There are three
stages: pre-warning forecasting
(with forecast precipitation as input
to the forecasting model), referencing forecasting (with observed
precipitation as model input) and
formal forecasting (with discharge
as model input). The China
Meteorological Administration
provides important inputs at all
three stages of forecasting through
quantitative precipitation forecasts
which are issued regularly through
its national weather forecasts and
warnings and short-range climate
predictions.
There are 168 Yellow River hydrological forecasting pre-schemes
in total, some of which have been
computerized. There are 34 rainfallrunoff models and flood-routeing
models. Due to the complexity of
the flooding and the influence of
human activities, there are difficulties in applying many of the
forecasting methods. The YRCC is
exploring the use of advanced methods of information collection and
flood-forecasting models to carry
out flood forecasting and to provide
better scientific and technological
support to the integrated river basin
management. A distributed hydrological forecasting system of the
Xiaolangdi-Huayuankou Rainstorm
Flood Pre-warning and Forecasting
System—a component of the Digital
Yellow River Project—is being

constructed and will be put into use
in the coming flood season.
Do you have a message for the readers of the WMO Bulletin?
In recent years, the YRCC has carried
out in-depth research on Yellow
River water-resources management
strategies, identified a new management concept for keeping the river
healthy, ensured flood security and
built a quick response mechanism
for severe water-pollution events.
Remarkable achievements have also
been obtained in the construction
of flood-control projects. We have
made advances in the prevention of
water and soil erosion, significantly
improved the level of science, technology and modernization in river
management and have made significant progress in various aspects of
Yellow River management.
The WMO Bulletin is an excellent
mechanism for exchanging information and is widely distributed among
the international meteorological
and hydrological communities. I
take this opportunity to sincerely
invite experts and friends worldwide
to learn about the Yellow River. I
encourage them to visit the YRCC
for an exchange of experience and
cooperation and we also welcome
suggestions. We believe that the
Yellow River belongs not only to
China, but to the world.
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Sustainable development
through integrated flood
management
by Vijai K. Mathur* and the WMO Secretariat

In most countries, natural disasters disrupt economic development. Developing countries, which
suffer from resource constraints,
are often forced to divert their vital
resources from ongoing development activities to relief-and-rescue
operations, which can sometimes
set back their development by as
much as a decade. Floods constitute
a major natural hazard which are
increasingly resulting in disasters
and exerting a heavy toll on the
occupants of floodplains and the
economic activities therein.
The concept of sustainable development has been at the centre of
environment and development
since the Conference on Human
Environment (Stockholm, 1972). Much
development in the past has taken
place at the cost of exhausting natural
resources irreversibly and affecting
natural ecosystems and their ecological functions. Such an approach is
clearly not sustainable in the long
term, without a perception of how we
relate to our natural environment and
the influence that we would have on
the quality of life in the future. Human
security is also embedded in the
concept. It encompasses not only the

physical security of individuals and
communities, but also their economic,
food, health, environmental and political security.
Internationally, through regional
and global conferences, such as
the UN Millennium Summit, the
World Summit on Sustainable
Development and others, it has
been recognized that mitigating
the adverse impacts of extreme
hydrometeorological events such as
floods is one of the essential components of sustainable development,
poverty alleviation and achieving the Millennium Development
Goals. For sustainable development,
national strategies must include
provisions for disaster mitigation
through preventive measures, resilience building, early warning and
emergency response.
To establish an environment that
fosters sustainable development, it
is imperative to incorporate floodrisk management principles in the
development process. Inappropriate
flood-management strategies
pursued over the years have been
largely reactive in response to flood
threats rather than proactive—flood
control rather than flood management. They have also remained

* Consultant, Water and Power Consultancy Services, India
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Sustainable development

essentially monodisciplinary in
approach.

Floods: not always
disasters, but livelihood
opportunities
Floods are a part of the natural
hydrological cycle and have definite beneficial effects, providing
much needed water resources
for use during non-flood periods.

Floodplains have been the preferred
place for socio-economic development in many countries, as well as
coastal areas and deltas, although
living on a floodplain exposes its
occupants to flooding. The deep,
fertile alluvial soil of floodplains—
the result of aeons of flooding—is
ideal for higher crop yields and
provides food and livelihood opportunities to millions of people
occupying the floodplains, thereby
helping reduce vulnerability of the
occupants to a wide range of other
risks. In developing countries with
primarily agricultural economies,
floodplains contribute substantially
to food production, income generation and nutrition. Development in
many parts of the world has thus
taken full advantage of the rivers
and other water bodies as vehicles
for development.
At the same time, the number of
flood disasters and associated
damage are on the rise around the
world. In addition to the loss of life
and property, adverse impacts of
floods, if not managed adequately,
include mass migration of people,
environmental degradation and a
shortage of food, energy, water and
other basic needs, thereby increasing the societal vulnerability and
adversely affecting the development
process in many countries.
The economic activities undertaken
on floodplains, especially in developing countries, have left limited
options for managing flood risks.
In developed economies, where
commercial and residential use of
floodplains has contributed to their
economic success, improvements
in flood management have encouraged people to move themselves
and their assets closer to the rivers,
thereby increasing flood risks and
consequent losses. Areas with high
population densities are faced with

The task is not just to preserve water resources
to sustain life, but also to reduce the capacity of
water to take life away. We can and must reduce
the number and impacts of disasters by building
sustainable communities that have the long-term
capacity to live with risks…
Kofi Annan, UN Secretary General (8 October 2003)
increasing risks. Further, a greater
probability of flooding is foreseen
in parts of the world under different possible scenarios as a result of
climate variability and change.

Integrating flood
management in
development strategies
Societies, communities and households seek to make the best use of
the natural resources and assets
available to them in order to improve
their quality of life. It is vital to understand the interplay of floods, poverty
and the development process, as
current and future development has
the potential to increase vulnerability
to, and risk from, natural disasters.
There is a need to address these
issues in the flood-management
planning process. The way flood
risks should be treated in national
development strategies and policies
for sustainable development needs
to be highlighted through advocacy,
capacity-building, networking and
providing guidance to countries on a
long-term basis.
The evidence worldwide shows
that people will not—and in certain
circumstances cannot—abandon
flood-prone areas, whether they are
in the sparsely populated floodplains of the Mississippi, among the
mountains of Honduras or in the
densely populated deltaic regions

of Bangladesh. There is a need,
therefore, to find ways of making life
sustainable in the floodplains—even
if there is considerable risk to life
and property. Balancing development needs and risks is essential
and can only be achieved through
integrated management.
Traditionally, flood management has
focused on reactive approaches. It
is widely realized that a paradigm
shift is required to move from
flood control to flood management—from defensive to proactive
action—towards a culture of prevention by managing the risk of, and
living with, floods. For many years,
the concept of integrated water
resources management (IWRM)
(GWP TAC, 2000) has been recognized as the key to achieving water
security and water-resources
sustainability in the face of the many
competing demands for water and
threats to its quality and availability.
There is growing recognition that
flood disasters have been adversely
affecting the sustainability of
development and that flood issues
need to be addressed in the context
of IWRM. Integrating flood risks
in strategies for water-resources
management, through IWRM processes, requires a paradigm shift in
flood-management approaches.
This need for a paradigm shift is
the catalyst behind the concept of
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integrated flood management (IFM),
which seeks to integrate land- and
water-resources development in
a river basin, within the context of
IWRM (Figure 1). The integrated
flood management, which aims at
maximizing the benefits from floodplains and at the same time reducing
loss of life (APFM, 2004), addresses
flood vulnerability and risk through
preventive measures whilst preserving ecosystems and their associated
biodiversity. It addresses issues
of human security and sustainable
development from a floodmanagement perspective.
Conceptually, IFM, like IWRM, advocates a multidisciplinary approach with
the participation of all stakeholders.
Five key elements of IFM are:
•
Managing the water cycle as a
whole;
•
Integrating land and water
management;
•
Adopting a best mix of
strategies;

•
•

Ensuring a participatory
approach; and
Adopting integrated hazard
management.

These elements can be put together
by:
•
Adopting a basin approach to
flood management;
•
Adopting a multidisciplinary
approach to flood management;
•
Reducing vulnerability to, and
risk from, flooding;
•
Enabling community participation; and
•
Preserving ecosystems.

Adopting a basin
approach to flood
management
The basin approach to flood
management with due consideration of land and water interaction
would necessitate water-conservation schemes in the upper

catchments for the benefit of the
people living in the floodplains
downstream, thus bringing a
solidarity between the communities through better understanding
and interdependence. For example,
storing water near the source is one
of the options which can result in
reduced flood magnitudes in the
lower reaches. At the same time,
intensive urbanization of relatively
small watersheds and inappropriate infrastructure designs increase
flood hazards. These developments adversely affect the flood
situation in the downstream as
well as the upstream reaches and
increase flood risks. The strong
interaction of land use and hydrological processes allows various
flood-management options to
be considered within the basin
which is considered as a single
hydrological unit. Integrated flood
management, therefore, advocates
the basin as the unit for developing
flood-management options.

Flood hazard maps in Japan
Japan is subject to severe natural conditions because
of its topographical and meteorological characteristics.
Approximately 50 per cent of the population lives in, and
75 per cent of national properties are located on, alluvial
floodplains that are subject to inundation. Surprisingly,
the alluvial plains occupy approximately only 10 per
cent of Japan’s land area. Structural flood- management
measures, combined with non-structural ones, play a
vital role in protecting people from flooding. Improved
structural measures, however, may have led to a false
sense of safety from flooding. People have come close to
inundation risk areas with their assets and have actually
increased damage when an extreme flood event occurs.
Some other causes, such as urbanization, which results
in increased runoff and flood peaks downstream, and
rapid population growth in urban areas may have accelerated the process.
The flood hazard map is a tool to organize the information about likely flooding in certain situations and forms
the basis for developing flood-risk scenarios based on
various development alternatives and socio-economic

166 | WMO Bulletin 55 (3) - July 2006

conditions. The aim is that decision-makers (e.g. local
disaster-prevention authorities) are able to develop an
emergency plan, prepare for an emergency situation, and
implement effective evacuation (including identification
of evacuation sites, capacity, routes, dangerous spots,
etc.), when needed. At the same time, a flood hazard map
is useful for flood-prone communities to raise awareness
of risk from flooding and to be aware of possible actions
that the communities can take by themselves. The map
is generally developed jointly by disaster-management
authorities, experts, communities, NGOs, stakeholders
concerned, etc. Community participation and consultation are important, since they enable communities to
build their opinions, local knowledge, and experiences
into the planning processes, thereby contributing to
awareness-raising and risk reduction.
In 1980, the comprehensive flood management was
implemented. In 1991, the River Council issued a report
entitled “River improvement in the future”, emphasizing
the need for adopting non-structural measures, including rasing awareness of communities about the risks of

The multidisciplinary
approach to flood
management
Integrated flood management
calls for due consideration to be
given to socio-economic, environmental and legal and institutional
aspects that determine the choice
of options of flood-management
measures in a given hydrometeorological and geographic situation.
It requires inputs from different
disciplines, sectors and various
stakeholders, often with conflicting
interests. A variety of institutions
and organizations involved in
development initiatives that effect
or are affected by flood-management measures need to coordinate
their activities to ensure that they
do not contribute to an increase
in the flood hazard and thereby
the flood risks. IFM advocates
and facilitates a multidisciplinary
approach to flood management.

Figure 2 — Community
approaches to flood
management in South Asia
are implemented within the
framework of the Associated
Programme on Flood
Management (APFM).

Reducing vulnerability
and risk
Risks from floods are a function of
the magnitude of flood hazard, the
exposure of development activities
to such hazards and the vulnerability of such activities. Adopting
the basin approach helps prevent
the magnitude of the flood hazard
from escalating. The “vulnerability”
of potential victims of flood disasters is a function of their ability to
mobilize the assets available to them
to meet the challenge posed by the
flood hazard versus the extent of

natural disasters, such as floods, storm surges, tsunamis,
debris flows and volcanic eruptions, so that damage can
be minimized when they actually occur. Based on the
recommendations made by the Council, flood hazard maps
were prepared for major rivers nationwide. The maps,
followed by the results of inundation simulation, were
made public in 1993 and 1994.
Progress made in developing flood hazard maps has
shown an increasing need for steps to mitigate flood
damage. The Ministry of Construction (now the Ministry
of Land, Infrastructure and Transport) responded to this
demand in 1994 and issued an order to promote flood
hazard maps. The Ministry has also encouraged local
municipalities to prepare flood hazard maps supported
by the regional bureaux of the national and prefectural
governments. A manual on flood hazard maps has been
prepared by the Ministry to support the implementation.
The Flood Fighting Act of June 2001 required identifying
flood-prone areas and establishing means to communicate flood forecasts not only for major rivers governed by
national governments, but also for other rivers governed by
prefectural governments. The Act encouraged local municipalities to incorporate flood forecasts and efficient evacuation
systems into their regional disaster-prevention plans. Flood
hazard maps were recommended as a useful tool for

the challenge. More generally, the
resilience of development activities
against flood hazards needs to be
strengthened to maintain or improve
the quality of life and prevent flood
hazards from turning into disasters
(WMO, 2006(a)).
Population growth and the migration
of large populations in developing
countries towards unplanned urban
settlements in floodplains increase
the vulnerability of the poorest
sectors of society to flooding. The
IFM approach addresses the vulnerability of such flood-prone population

providing disaster-related information to the communities. Based on lessons learned, the manual on flood hazard
maps was revised. By the end of 2003, 301 municipalities had prepared regional flood hazard maps and made
them public. During the implementation process, however,
it was realized that legal instruments and an enabling
mechanism are crucial to further enforce the preparation
and wide dissemination of flood hazard maps.
In 2004, Japan suffered a series of disasters induced by
heavy rainfall, which resulted in a further revision of the
Flood Fighting Act to enhance regional capacity to mitigate flood disasters. The revised Act was promulgated on
2 May 2005 and enacted on 1 July 2005. The 2005 version
of the Act expanded the scope from large rivers to certain
medium and small rivers. It required local municipalities
to establish the means to communicate flood forecasts, as
well as effective evacuation systems through flood hazard
mapping or other measures. Flood hazard maps have thus
been developed in Japan and have become more significant tools.
Shigenobu Tanaka
Water-related Hazard Research Group, International Centre
for Water Hazard and Risk Management (ICHARM),
Public Works Research Institute
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Figure 1 — Integrated flood management
(APFM, 2004)

groups by strengthening livelihoods,
maintaining ecosystem services,
improving accessibility to resources,
attitudinal change, enabling greater
participation in decision-making
processes and building organizational capacities and awareness
(see box on pages 166/167) on flood
hazard maps in Japan as an example
of a tool for reducing flood risks ).
IFM recognizes that absolute safety
from floods is a myth and as such,
incorporates strategies to deal
with residual risks. It ensures that
strategies chosen for reducing
risks do not end up merely shifting
these risks or resulting in increased
vulnerabilities.

Enabling community
participation
Greater community participation helps reduce vulnerability. In
order to build resilience within the
flood-prone communities, their
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participation in the decision-making
process paves the way for its
success. Community participation
supports the decentralization of the
management process to the lowest
appropriate level and ensures that
trade-offs are achieved amicably,
ensuring equity in development.
There are upstream-downstream
interactions and impacts of measures adopted to reduce flood risks.
Community participation ensures
that these trade-offs are negotiated amicably, ensuring equity in
development.
A gender-sensitive approach to floodmanagement decisions is required to
take account of the specific requirements of women, children and other
more fragile sections of society.
Such an approach provides access to
adequate flood-relief and rehabilitation measures and helps women to
play their role appropriately in building resilience against floods.
The IFM approach, therefore, aims at
reaching out to flood-prone communities directly. By participating in
the flood-disaster mitigation and
preparedness process, they are able
to build up their own resilience by
organizing themselves and being
prepared.

Preserving ecosystems
Flood management plays an important role in protecting people and
advancing socio-economic development. The measures taken, which
have largely relied on structural
solutions (dams and reservoirs,
embankments, bypass channels,
etc.) have, unfortunately, however,
altered the natural environment of
rivers. They have changed the flow
regimes, fixed the river shape or
have separated rivers from their
floodplains, resulting in losses of
habitat, biological diversity and

productivity. The adverse impacts of
some of these structural measures,
together with environmental
concerns for sustainable development, have highlighted the need to
address the negative consequences
of flood-protection measures on the
environment. At the same time, from
the flood-management perspective,
environmental degradation has the
potential to threaten human security in many different ways (WMO,
2006(b)).
Riverine ecosystems provide
services that are essential for livelihoods and food security. Some
flood-management interventions
adversely impact riverine eco
systems which support a large
variety of flora and fauna by reducing the frequency of flooding.
A trade-off between competing
interests is required to determine
the magnitude and variability of the
flow regime needed within a basin
in order to maximize the benefits
to society and maintain healthy
riverine ecosystems. The integrated flood management approach
encompasses the main principles
of the ecosystem approach, e.g.
the United Nations Convention
on Biological Diversity (1998),
by considering the entire basin
ecosystem as a unit and accounting
for the impacts of economic interventions in the basin as a whole.
Environmental sustainability of
flood management options is, therefore, one of the prerequisites of IFM.

Addressing climate
variability and change
In its assessment report (2001),
the Intergovernmental Panel on
Climate Change (IPCC) says that,
while there were probably no widespread changes in the frequency or
intensity of tropical storms in the

20th century, it is very likely that
precipitation in the middle to upper
latitudes of the northern hemisphere
increased by as much as 10 per
cent, mainly as a result of extreme
weather conditions.
In parts of Africa and Asia, the
intensity and frequency of droughts
have increased in recent decades.
At the same time, however, the IPCC
notes other factors to be taken into
account when assessing the impacts
of such changes: population growth,
increased wealth, demographic shifts
and changes in land use and the
value of various goods. More casualties of extreme weather may simply
mean more people are in its way;
and greater economic losses could
merely point to greater wealth. Even
in a stable climate, however, floods
and droughts are natural facets of this
climate variability. The uncertainty in
knowledge about projected climatechange scenarios, however, has to
be addressed through precautionary
principles (Rio de Janeiro, 1992, and
New York 1992) and by embracing
“adaptive management” techniques
in flood-risk reduction strategies.

Enabling mechanism
There is a need for an enabling
mechanism, supported with appro
priate legislation and regulations,
to put the integrated flood-management approaches into practice.
Responsibilities and duties among
institutions and individuals should be
set out in pre-flood, during-flood and
post-flood situations at basin level,
so that their roles are clearly defined
and the coordination mechanism
can be established. These institutions include both governmental
and non-governmental institutions.
The establishment of sound procedures and standards adds both
transparency and predictability.
Laws can also protect and entrench

rights and environmental interests
might otherwise have no influence over decision-making in flood
management.
While coordinated land and water
management at the basin scale is
difficult in the absence of an adequate
institutional framework, it becomes
further complicated in the case of
transboundary basins. Conflicts can
be settled only with the participation of riparian countries sharing the
basin. Historical factors, physical
differences, political systems and
socio-economic variations should
be considered in addressing country
coordination. In such cases, involvement of a third party, e.g. a river
basin organization, will become the
preferred mode of cooperation.

Associated Programme
on Flood Management
At global, regional and national
levels, there is a clear need to
bring multidisciplinarity into flood
management. While there have been
a number of international initiatives
centred around hydrological sciences
and technical approaches, the social,
economic, environmental, legal
and institutional aspects of flood
management have been dealt with
sporadically and in a limited manner.
As a result, these aspects are hardly
accounted for in flood-management
planning and decision-making. WMO
and the Global Water Partnership
have established the Associated
Programme on Flood Management
(APFM) to address these issues. The
mission of APFM is “to support
countries in the integrated management of floods within the overall
framework of integrated waterresources management”.
More information on the
programme can be obtained from
http://www.apfm.info.
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Climate change and floods
by Zbigniew W. Kundzewicz *

Introduction
Floods have been a major natural
hazard in many regions of the world.
There have been several recent flood
events, in each of which the material
losses have exceeded US$ 10 billion
(material damage during the
summer 1998 floods in China rose
to US$ 30 billion). The death toll has
remained high, with single events
in less developed countries causing
more 1 000 fatalities. Annual economic
damage caused by weather extremes
increased ten-fold (in inflationadjusted dollars) between the 1950s
and the 1990s, and flood damage has
changed in a similar way.
Destructive floods are commonplace
outside Europe, in particular in Asia:
Bangladesh, China and India. Since
1990, however, floods have severely
hit large parts of Europe. For instance,
the material flood damage recorded in
Europe in 2002 (21 billion euros) was
higher than in any single year before.

Observations
Groisman et al. (2005) observed
widespread increase in heavy
precipitation in middle latitudes.

Increases in heavy precipitation
have also been reported in South
Africa, Siberia, central Mexico,
north-eastern USA, and northern
Japan, where the total precipitation
and frequency of wet days either did
not change or decreased. This can
be interpreted as the effect of warming, accompanied by an increase
in atmospheric concentration of
water vapour, leading to increased
intensity of precipitation, which may
trigger floods.
There have been a number of recent
flood events when river flow or
stage records were broken. During
the 2002 flood, the record flow of the
Vltava in Prague (Czech Republic)
was observed. This was the only
time in the last 175 years when the
flow rate was higher than 5 000 m3/s,
while in 1941-2001 it never reached
2 500 m3/s. The maximum 2002
water level of the Elbe in Dresden
(Germany), 940 cm, surpassed
the former historical record by
63 cm. Stages in excess of 800 cm
were never observed in the period
1880-2001.
WMO addresses climate variability and change and its impacts on
hydrological extremes such as

* Research Centre for Agricultural and Forest Environment, Polish Academy of Sciences,
Bukowska 19, 60809 Poznań, Poland, and Potsdam Institute for Climate Impact Research,
Telegrafenberg, 14412 Potsdam, Germany
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floods in a number of its technical and scientific programmes.
Programme activities are aiming
to an improved understanding and
knowledge of the impacts of climate
change on water resources and
hydrological extremes. More specifically the World Climate Programme
Water (WCP-Water) is an initiative
that addresses global hydroclimatology and provides technical expertise
related to systematic worldwide
assessments of variations and
changes in hydrological regimes and
water-resources conditions associated with climate. It also provides
guidance to and support for the
WMO National Meteorological and
Hydrological Services (NMHSs),
national and international research
programmes, education and
capacity building, international
organizations, and conventions.
In view of recent dramatic floods,
the search for trends in long timeseries of flood data is of scientific
interest and practical importance.
It is essential for planning floodprotection systems, where system
design has been traditionally based
on the assumption of stationarity
of river flow. Within the framework
of the World Climate ProgrammeWater, important activities have
been undertaken in the area of
analysis of long time-series of
hydrological observations, to detect

signals of change (Kundzewicz and
Robson, 2000, 2004; Kundzewicz et
al., 2004, 2005; Radziejewski and
Kundzewicz, 2004(a); Svensson et
al., 2004, 2005). A study of change
detection in worldwide hydrological time-series of annual maximum
river flow, carried out within WCPWater by Kundzewicz et al. (2004,
2005(a)), based on data from
the Global Runoff Data Centre
in Koblenz (Germany), does not
support the hypothesis of ubiquitous
growth of high flows worldwide.
Although 27 cases of strong, statistically significant increase were
identified by the Mann-Kendall test,
there are 31 decreases as well, while
most (137) records did not show
statistically significant changes.
No significant and coherent trend
was found by Svensson et al. (2004,
2005) who analysed peaks over
threshold.
Even if no coherent changes can be
detected for European records, it
was found (Kundzewicz et al., 2006)
that the overall 1961-2000 daily flow
maxima occurred considerably more
frequently (at 46 stations) in the
later two decades, 1981-2000, than
in the earlier two decades, 1961-1980
(maxima at 24 stations).
Caution is advised in interpreting
these results, however, because
flooding is a complex phenomenon,
caused by a number of factors.
The analysis did not differentiate
the flood generation mechanisms
(e.g. snowmelt vs rainfall), treating all floods as one category. In a
seasonal analysis, Mudelsee et al.
(2003) demonstrated a significant
decrease in winter floods on the
Elbe and Oder, while no significant
change in summer floods could be
detected. A robust result reported
in Arnell and Liu (2001) was that
less ice-jam-related floods have
been observed in Europe. A regional

change in timing of floods has
been observed in many areas, with
increasing late autumn and winter
floods. Furthermore, river flow has
strong natural variability and exhibits long-term persistence which can
confound the results of tests.
Apart from the inherent complexity
involved in detecting a greenhouse
signal in flow records, there are serious problems with the data (direct
human impacts, length of series,
gaps, errors) and with the methodology to detect changes. Even if the
data are perfect, extreme (hence
rare) events are rare. Even with
a very long time-series of instrumental records, therefore there is a
small sample of truly extreme and
destructive floods.
As noted by Radziejewski and
Kundzewicz (2004(b)), who examined detectability of artificially
introduced (hence fully controlled) trends in time-series, failure
to detect a significant trend is not
proof of the absence of change. If a
change is weak and lasts for a short
time, it is not likely to be detected.
If a change is stronger and lasts
longer, the likelihood of detection
grows.

Palmer and Räisänen (2002)
analysed the modelled differences
between the control run and an
ensemble with transient increase
in atmospheric concentration of
carbon dioxide around the time it
doubled. A considerable increase
of the risk of a very wet winter in
Europe and a very wet monsoon
season in Asian monsoon region
was projected.
Modelling the Impact of Climate
Extremes (MICE) Project within the
fifth Framework Programme of the
European Union demonstrated how
the occurrence of extremes may be
expected to change due to anthropogenic warming. According to climate
model results (HadRM3-P), the mean
summer precipitation over much of
Europe is likely to decrease in the
future, but the behaviour of precipitation extremes is different. The
highest quartiles of daily precipitation amounts and annual maximum

Projections
Changes in precipitation extremes
are projected by climate model
simulations in many areas of the
globe. Generally, the extremes
in precipitation are likely to be
impacted more than the means. As
the water-holding capacity of the
atmosphere—and thus its absolute
potential water content—increases
with temperature, the possibility of
intense precipitation also increases.
Recent works on changes in precipitation extremes in Europe agree that
the intensity of daily precipitation
events will predominantly increase.
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As stated by Arnell and Liu (2001),
changes in future flood frequency
in Europe are complex, depending on the generating mechanism,
e.g. increasing flood magnitudes
are projected where floods result
from heavy rainfall and decreasing
magnitudes where spring floods
are generated by snowmelt. Climate
change is likely to cause an increase
of the risk of riverine flooding across
much of Europe.
Milly et al. (2002) demonstrated that
for 15 out of 16 large basins analysed
worldwide, the control 100-year
flood is projected to be exceeded
more frequently as a result of
carbon dioxide quadrupling. In some
areas, such a flood is projected to
be exceeded even every two to five
years. Particularly strong increases in
frequency of extremes are projected
in northern Asia, although a large
uncertainty in these projections is
recognized. Impacts of extremes on
human welfare are likely to occur
disproportionately in countries with
low adaptation capacity (Manabe et
al., 2004).
There is still a great deal of
uncertainty in findings about
climate-change impacts on future
extreme precipitation and floods.
There are considerable differences
between estimates of precipitation
in different climate models and for
different emission scenarios. The
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daily precipitation are anticipated
to increase over many areas, also
where decrease in means is projected
(Kundzewicz et al., 2006). This result
is in agreement with the findings of
Christensen and Christensen (2003),
who examined another climate model.
An increase in the number of days
with intense precipitation simulated
by HadRM3-P was also projected for
most of Europe (Kundzewicz et al.,
2005).

scale mismatch between coarseresolution climate models and the
hydrological (river-basin) scale
is another source of uncertainty,
which is particularly strong for flood
extremes.

Conclusions
According to physical laws, the
water- holding capacity of the
atmosphere, and hence the potential
for intense precipitation, increases
with warming. Since a robust warming signal and a number of large
rainfed floods have been observed
recently in many regions, it is of
paramount importance to seek
trends in intense precipitation and
flood flows. Even if widespread
increases in observed intense
precipitation have been reported,
however, the analysis of annual
maximum river flow records does
not detect a ubiquitous and coherent
increasing trend. This is in disagreement with some projections for
the future, which indicate potential for more intense precipitation,
augmenting flood risk.
Climate-related changes in flood
frequency are complex and
dependent on the floodgenerating mechanism (e.g. heavy

rainfall vs spring snowmelt), affected
in different ways by climate change.
Increase in intense precipitation in
the warming world is plausible and
likely to lead to a rise of flood risk in
areas where inundations are typically triggered by intense summer
rain (Kundzewicz et al., 2005). Also,
during wetter and warmer winters,
with increasingly more frequent
rain and less frequent snow in many
areas, the flood risk may increase.
On the other hand, snowmelt and
ice-jam floods are likely to become
less frequent and less severe over
much of the warming world (robust,
temperature-related statement).
Where snowmelt is earlier and less
abundant, the risk of spring floods
decreases. Hence, in the regions
where floods can be caused by
several possible mechanisms, the
net effect of climate change on flood
risk is not trivial and a general and
ubiquitously valid, flat-rate statement on change in flood risk cannot
be made.
Flood risk tends to increase over
many areas owing to a range of
climatic and non-climatic impacts,
whose relative importance is sitespecific. Flood risk is controlled by
a number of non-climatic factors,
such as changes in economic and

social systems, and in terrestrial
systems (hydrological systems and
ecosystems). Land-use changes,
which induce land-cover changes,
control the rainfall-runoff relations
in the drainage basin. Deforestation,
urbanization and reduction of
wetlands diminish the available
water-storage capacity and increase
the runoff coefficient, leading to
growth in the flow amplitude and
reduction of the time-to-peak.
Furthermore, in many regions,
people have been encroaching into,
and developing, flood-prone areas,
thereby increasing the damage
potential. Important factors of relevance to flood risk are population
and economy growth, flood protection strategy, flood risk awareness
(or flood risk ignorance) behaviour
and a compensation culture.
Adaptation to increasing flood
risk is urgently needed and poses
a difficult challenge to integrated
floodpreparedness and flood management systems, which should contain
an optimal mix of structural and
non-structural measures. One of the
essential measures in the latter category is the flood forecasting-flood
warning system, which requires
improved use of meteorological
data and information and close
collaboration between National
Meteorological and Hydrological
Services, as emphasized in the
WMO Flood Forecasting Initiative.
There are a number of activities
that could help in further improving
understanding of the relationship
between climate change and floods,
in quantitative terms. Continuation
of efforts of change detection
and attribution, based on an
analysis of long time-series of quality-controlled observation records
is indispensable. Also, continuation
of efforts aimed at transforming the

results of the latest generation of
climate models into flood-related
impacts is absolutely necessary.
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Integrated flood
management: some
environmental issues
Prepared by the Associated Programme on Flood Management
(WMO Secretariat)

Flood management plays an important role in protecting people and
their socio-economic development
in floodplains. Unfortunately, the
strategies that rely on structural
solutions (dams and reservoirs,
embankments, bypass channels,
etc.) alter the natural environment of
the river, resulting in losses of habitat, biological diversity and productivity of the natural systems.
The imperatives of sustainable
development have highlighted
the importance of addressing the
negative consequences on the environment of these flood-protection
measures. They have introduced
a paradigm shift away from flood
control and towards integrated
flood management (IFM) (2004).
Environmental degradation has
the potential to threaten human
society in the areas of safety of life,
economic well-being and food and
health security. Consideration of
environmental impacts in floodmanagement activities is, therefore,
important within the context of
both sustainable development and
human security.
Some underlying causes that make
it difficult to integrate the growing concerns about environmental
degradation with flood-management
practices revolve around the communication gap between different
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disciplinary groups in understanding
the various perspectives of sustainable development. There is a lack
of appreciation of the issues raised
by others. This article presents
a rational and balanced way of
addressing environmental issues in
flood management (WMO, 2006(a)).

Synergizing rivers and
their floodplains
To maintain a healthy environment for rivers, it is important to
understand their interactions with
their floodplains, which are largely
driven by the flow regimes (Figure
1). Rivers continuously move about
their floodplains. Their flow and
sediment regimes, interacting
with bed and bank materials and

the riparian vegetation, constantly
create and destroy fluvial features.
Seasonal inundation of the floodplain
is an essential requirement of maintaining the river corridor (i.e. the river
channel and its associated floodplain)
characteristics. The ecological and
morphological importance of lateral
connectivity in a river corridor (Figure
2) derives from the fact that the flooding allows aquatic organisms to move
out of or into the main channel. It also
creates new habitats, deposits part
of its fine sediment load (including
fertile organic silt), sustains wetlands,
renews floodplain ponds and temporarily stores water on the floodplains,
thus alleviating flooding downstream.
Ecological and morphological connectivity in longitudinal
Surface runoff

Rain

Land
River

Figure 1 — Interaction
of land and water
(APFM, 2004)

Flood

Sea

Pollution
Runoff/floodwater
Sediment

Federal Interagency Stream Restoration Working Group, 1998

ecosystems thus lies in synergizing integrated water resources
management (IWRM) and IFM as its
subset, with integrated coastal zone
management (ICZM).

Figure 2 — Spatial and temporal dimensions of a stream corridor

(upstream catchment and downstream reaches) and vertical (river
corridor and hyporheic zone) dimensions need to be maintained with
adequate quality and seasonal variability of water flows. Most species
have varying requirements during
their life spans, but also at different
times of the day or year. This implies
that organisms need to be able to
move between different habitat
patches.
River morphology and habitat availability are considered in a state
of regime or dynamic equilibrium
(i.e. shifting mosaic). It is therefore
relevant to maintain the structure
and function of fluvial ecosystems,
because most of the ecosystem
services provided by river corridors
depend on these and are lost when
rivers are simplified. Traditional
flood-control works tend to impede

such morphological and ecological processes and oversimplify the
river corridor, resulting in a spatially
homogeneous ecosystem which
is not able to supply varied habitat features for a diverse range of
species.
Also, these fluvial systems largely
influence coastal systems (e.g.
estuary and deltaic processes).
This is because river flows are the
main source of freshwater, sediment and nutrients, while silica in
estuaries and river deltas results
from the interaction of fluvial and
marine forces in the vicinity of the
river mouth. Dams and diversion
works have the potential to alter the
flow regime and, consequently, the
sediment supply to coastal areas,
thereby influencing the morphological and ecological processes
of these areas. Protecting coastal

Environment-sensitive
framework for decisionmaking processes
The multi-dimensional nature of
flood-management options necessitates an inclusive and participatory
approach to the decision-making
process, starting from public policy
through to basin planning and
project implementation. There are
various constraints in any floodmanagement decision-making.
These issues are related to societal
values, either with regard to the
perception of risks or the trade-offs
between development and environmental preservation. In order
to minimize the role of subjective
factors, there is a need for an
environment-sensitive framework to
be established.
There are no universal solutions
that determine environment-friendly
flood-management practices. It is,
crucial, therefore, to adopt practices
that suit particular circumstances
under given hydroclimatic, topographical and socio-economic
settings in a basin. From an environmental perspective, a three-way
approach of avoiding, reducing and
mitigating adverse environmental
impacts without compromising the
flood-management objective can be
attempted. It is desirable to minimize
the negative impacts of interventions that limit natural productivity,
health of ecosystems and services
provided by the ecosystem, including flood-alleviation processes, to a
reasonably practical level. Elements
of an environmentally friendly
flood-management framework for

WMO Bulletin 55 (3) - July 2006 | 175

decision-making are discussed in
the following paragraphs.

Scientific understanding
and analysis
Scientific knowledge of basic
concepts concerning the morphology and ecology of rivers and their
floodplains is fundamental to understanding the ecosystem processes
in a river basin and the impacts of
flood-management measures on the
ecosystems. Environmentally sensitive design, execution and operation
of new projects and the mitigation
of adverse impacts of existing works
through better operation and restoration can be undertaken only if such
scientific concepts are understood.
There is an urgent need to develop
cooperative investigations between
ecologists, hydrologists and
water-resources engineers on the
interactions of the hydrological cycle
and human activity, the land surface
and ecosystems. Research activities
and technologies within these disciplines, which apply to the specific
needs of flood management, need to
be shared with, and translated into,
readily understandable language
for other disciplines. It enjoins a
dialogue among professionals from
different disciplines and paradigms
to explore, among others, shared
perceptions and common goals.

Environmental assessment
Environmental assessment—a tool to
identify the more intensive examination of impacts of development on
environment—is applied at various
levels of decision-making. These
range from flood-management policy
and planning to project design
and implementation. In order to
factor environmental concerns into
management decisions, it is important to start at the strategic (i.e.
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policy or planning) level (Emerton
and Bos, 2004). Strategic environmental assessment is useful as a
participatory approach for upstreaming environmental and social issues
to influence processes for development planning, decision-making and
implementation at the strategic level.

the economic values of environmental and societal aspects are not
amenable to assessment or are difficult to assess, however, CBA may
mask the true costs and benefits of
a project, particularly the costs associated with the loss of ecosystem
services.

Environmental impact assessment, on the other hand, is used
to identify the environmental and
social impacts of the proposed
project prior to decision-making.
Environmental impact assessment:
•
Facilitates the prediction of environmental impacts at an early
stage in project planning and
design;
•
Identifies ways and means to
reduce adverse impacts;
•
Shapes projects to suit the local
environment; and
•
Presents the predictions and
options to decision-makers.

MCA, which is a complementary
approach to CBA, can be useful in
ranking options, shortlisting a limited
number of options for subsequent
detailed appraisal (e.g. CBA) or
simply separating acceptable from
unacceptable. MCA can be used
as a framework for stakeholders to
explore the nature of the choice,
to determine which are the critical
factors, to discover their own preferences, and to simplify the process
of selecting the critical options.
Since economic evaluation involves
societal values, it is appropriate to
carry out an environment-sensitive
economic analysis in close consultation with, and participation of, the
public affected by the projects.

For effective environmental assessment, it is important to facilitate a
dialogue between environmental
and development authorities, as well
as the informed representatives of
the public.

Stakeholder participation

Decision-making processes call for
trade-offs, particularly in conflict
situations. Environment-sensitive
economic analysis plays a key role
in such situations. Cost-benefit
analysis (CBA) and multi-criteria
analysis (MCA) are methodologies
that support decision-making when
a suite of options has to be analysed
in relation to the economic aspects
thereof.

Genuine stakeholder participation
is at the core of decision-making
processes at various levels in flood
management. In IFM, the purpose
of stakeholder participation is to
identify, shape, develop, logically
validate and, finally, implement the
plans and projects. As an integrated
approach to flood management
requires the streamlining of
water-resources, land-use, environment- and flood-management
strategies, it calls for coordination
between the sectoral planning
processes at various levels of
decision-making.

CBA is useful in enabling the
assessment of various options by
comparing their costs versus their
benefits in monetary terms. When

Stakeholder participation varies
considerably in accordance with
existing legal and policy regimes.
Some decisions are vested

Environment-sensitive
economic analysis

New plan

Future plans
Large
Good practices
Lessons learnt

Significant
Act

Analyse
adverse
impacts

Evaluate

No (or
insufficient)
data for
evaluation

Monitor

Existing
flood-management works

Figure 3 — Adaptive management approaches

completely in government officials; others rest on government
with some space for communities to intervene, while others
could be implemented effectively
with active community participation only. Consultation and public
participation are also the key to
carrying out environmental assessment and environment-sensitive
economic analyses. Appropriate
stakeholder involvement is guided
by the condition, level and characteristics of the policy, plan, project
design and implementation and
operation (WMO, 2006(b)). For
successful participatory planning,
it is important to develop enabling
participatory mechanisms through
an appropriate legal and institutional

framework and capacity-building of
the various stakeholders.

Adaptive management
approach
While understanding of river
morphology and ecology is the key
to achieving IFM, scientific knowledge about existing conditions of
the ecosystems is, however, fragmentary and the impacts thereon
of human interventions are not fully
understood. In order to account for
this lack of scientific certainty, a
precautionary approach is recommended. Adaptive management has
been recognized as the way to deal
with such scientific uncertainties,
whereby decisions are made as part

of an ongoing science-based process.
It involves planning, enacting, monitoring and evaluating applied strategies
and incorporates new knowledge, as it
becomes available, into management
processes (Figure 3).
Monitoring and evaluation results
are used to modify management
policies, strategies and practices.
It is a departure from traditional
management in that it views the
actions undertaken as learning
experiments. Adaptive management explicitly defines the expected
outcomes, designs methods to
measure responses and collects and
analyses information to compare
expectations with actual outcomes,
learn from the comparisons and
change actions and plans accordingly (Carr, 1995).
If structural flood-management
works are already in place and
have evident adverse impacts, it
is not always realistic to remove
them. Existing systems and their
performance need to be assessed
appropriately in a transparent
manner. Adaptive management can
play an important role in such a
situation by starting with monitoring
the current conditions or evaluating existing data (if available). If
progressive environmental degradation is manifest or foreseen, basin
plans may require a review.

Monitoring
The importance of monitoring
has been recognized from various
perspectives. Pre-plan monitoring of
various natural processes provides
the basic input for assessment of
resources, risks and development
options. Monitoring at the planning
level focuses on actions taken which
were based on the plan selected
and on aspects of environmental
impacts indicated in assessment at
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Flood hazard mapping training course
The International Centre for Water Hazard and Risk

where maps had been developed in Japan. This year,

Management (ICHARM), launched under the auspices

ICHARM is planning to organize a similar but detailed

of UNESCO, has conducted a flood hazard mapping

training course, during which participants will share a

training course since 2004. A total of 16 participants from

wider scope of international knowledge and experiences.

eight Asian countries have participated and have learned

For more information: http://www.icharm.pwri.

how to develop a useful flood hazard map. The course

go.jp/centre/index_e.htm

included a field survey called “Town watching”, in which
the participants visited and studied some important sites

the strategic level. The items to be
monitored are: whether the objectives of the plan are achieved; the
actions were taken appropriately
based on the plan; and whether the
plan needs to be re-established or
modified. Monitoring during and
after implementation is important
at project level in order to assess
whether the flood-management
work has in fact succeeded in meeting the desired objectives.
Monitoring of the state of environment is undertaken to assess to
what extent the impacts that were
foreseen at the project design and
implementation level are taking
place and whether and how far the
measures taken to prevent them are
effective. Lessons learned through
monitoring and evaluation can
improve the methodology to be
applied in future project designs.

Enabling mechanism
Most countries lack the infrastructure capable of adopting integrated
approaches and investments that
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support effective organizational
learning and cross-organizational
interactions. The communication
gap among various professional
streams and between experts and
the public at large further complicates the process of putting such
a framework into practice. There
is a need for a behavioural change
between different institutions and
organizations, capacity-building
at various levels, and institutions
that can support such a framework
with the support of legal mechanisms. The role of a legal regime
can influence the behaviour of many
agencies that might not otherwise
be directly involved in implementing
flood-management programmes.
Laws can protect and entrench the
rights and interests of the environment that might otherwise have no
influence in decision-making.
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Flood forecasting
by Carlos E.M. Tucci and Walter Collischonn*

Introduction
Forecasts of a river flow can be
made in the short-term, over periods of a few hours or a few days
of lead time and, in the long-term,
up to nine months (Georgakakos
and Krysztofowicz, 2001). Usually,
short-term flow forecasts are used
for flood management, but there
are many other contexts in which
they are useful, such as navigation
in rivers where the load transported
is dependent on the depth of water
in unregulated rivers, irrigation and
water supply, and integrated uses
such as flood warning and prevention and hydropower.
Short-term flow forecasting is
developed continuously or only after
a hazardous situation. The former
is usually required for operational
purposes, such as hydropower
and navigation. It can be classified
according to required lead time or
basin time response to rainfall.

a particular hydrological situation,
such as a small basin, steep slope or
low infiltration capacity. This type of
forecasting is strongly dependent on
the quantitative precipitation forecast
(QPF), since the time between rainfall
and peak flow is very short for warning and relief measures during a flood
(Krysztofowicz, 1995). Georgakakos
and Hudlow (1984) mentioned that
25 per cent of communities across the
USA have a lag time of less than four
hours between rainfall and flow from
the basin.
Flash floods are usually related to
rural basins but, in large cities (e.g.
São Paulo, Buenos Aires, Barcelona),
with the increase of impervious
and natural creeks being changed

to channels and pipes, the time
of concentration decreases and
increases the peak flow. Managing the
urban drainage system of conduits
and controlling the traffic on days
of heavy rain during the wet season
require a warning system based on
a quick evaluation and forecast. In
Brazil, the city of São Paulo uses radar
and an empirical relationship between
radar frequency and flood conditions
of the city’s main drainage channel to
alert and organize the city traffic.

Medium- and largebasin flood forecast
Medium and large basins usually
have a greater time of concentration which allows longer lead time,

Flash floods
Flash floods have a very short
lead time and are a combination
of a meteorological event, usually
related to a convective storm, with

* Institute of Hydraulic Research Federal
University of Rio Grande do Sul Porto Alegre,
Brazil, Tucci@iph.ufrgs.br
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Quantitative precipitation
forecast (QPF)
The rainfall used in combination
with the hydrological model in flow
forecasting is the recorded rainfall
until time step t . This rainfall is
recorded by raingauges and for the
time interval between t and t+τ (lead
time) the rainfall has to be forecast.
In terms of the forecast lead time,
nowcasting is for 0-3 hours; shortterm is for 6-24 hours; and long-term
for 3-24 months lead time (Collier
and Krysztofowicz, 2000).
Quantitative precipitation forecasting has been developed, using
statistical tools, radar measurements, satellite images and weather
modelling. For many years, the
rainfall forecast was not taken into
account in hydrological flow forecasting. For a basin with a long
concentration time, this does not
introduce much error for a small
lead time, but for flash floods and
longer lead times, an estimation of
the rainfall is an important requirement. Stochastic models were used
to forecast the rainfall in conjunction
with hydrological models (Bertoni
et al, 1992; Mine, 1998) but it did
not bring much improvement to the
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Hydrological models
The hydrological models used in the
forecast are empirical, conceptual
or a combination of both. Empirical
models use mathematical equations without relation to the system’s
physics. Conceptual models use
the hydrological concepts in order
to simulate the basin’s behaviour.
Conceptual models usually have two
main components: (a) a rainfall-runoff

0
Precipitation

A flow forecast is an asset for waterresource risk management, reducing
damage, providing relief, improving
efficient water use and protecting
the environment. The integration of
monitoring, modelling and operational management is important in
constructing an alert system.

forecast since the rainfall usually
does not show significant timeseries correlation usually, the radar
and telemetric rainfall allow the
evaluation of the meteorological
conditions and the storm’s space
distribution and direction. The use
of mesoscale weather models to
forecast rainfall in a grid comparable
to a distributed hydrological model
is one of the combined tools which
can improve the estimates (Ibbitt et
al., 2000). Regional weather models
use as a boundary condition the
forecast of a global model which
simulates the entire Earth. The grid
of the regional weather model is
smaller than the global with the aim
to represent better the changes in
the space.

Streamflow discharge (m3/s)

but there are many hydraulic works,
operations and cities which require
better coverage of monitoring and
modelling, taking into account the
physical and operational constraints
of space, soil occupation and water
use, among others.

Recorded

module, which transforms rainfall in
runoff through the water balance in
the hydrological components such as
interception, upper soil zone, groundwater and overland flow; and (b) a
routeing module, which simulates the
flow in the rivers and reservoirs.
Rainfall-runoff models can be lumped
or distributed. Lumped models do not
usually take into account the spatial
variability of rainfall, state variables
and model parameters. For small
basins, this type of model is very
useful, since it has a simple structure and can be easily updated in its
parameters or state variables. The
distributed models can be distributed
by sub-basin or grids. The advantage
of distributed models is that they can
take into account the spatial variation
of physical characteristics of the basin
and rainfall conditions. Updating the
state variable or the parameters of the
distributed models is more complex
than a stochastic model, but it can
introduce information from the future
behaviour of the system. The stochastic model uses past information in
order to forecast the future.
The flood-forecasting simulation
has the following stages: fitting

Forecast
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Figure 1 — Rainfall prediction and flow forecast: Q = flow; Pf = rainfall forecast
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and verification of the model parameters and forecasting. In the former
two situations, the model shows its
behaviour on historical data. During
forecasting, it is used with the parameters fitted with forecast rainfall.

Flow forecasting
Flow forecasting can be developed by
(a) a combination of upstream observations of water level and rainfall
recorded (until the time of forecasting)
in the intermediate basin; (b) rainfall
monitored (recorded until the time
of the forecast) and a rainfall-runoff
model; (a) and (b) are the procedures
used during the last 50 years, based
on simple conceptual or stochastic
modelling of hydrological variables);
or (c) rainfall prediction by a weather
model, together with rain‑fall-runoff
modelling for forecast flow (Anderson
et al., 2002; Koussis et al., 2003; and
Collischonn et al., 2005). The rainfall
until the time of the forecast (black
rainfall in Figure 1) can be estimated
by telemetric raingauges, satellite
or radar. In developed countries, the
rainfall is estimated by the combination of these tools but, in developing
countries, telemetric and radar data
are rare. Rainfall estimates by satellite
are cheaper but need an evaluation of
their feasibility in terms of results.
A quantitative precipitation forecast
(QPF) (future time: t+τ, grey in

50

100

150

200

Recorded, mm

(b)

Figure 1) is estimated by the following procedure: (a) assuming that the
rainfall is nil, which will transfer an
important error for flow forecast after
a lead time shorter than the time of
concentration (lower prediction in
Figure 1); (b) rainfall predicted by a
stochastic model which uses the past
information with unreliable outputs;
or (c) rainfall predicted by a weather
model which shows some improvement (upper prediction in Figure 1).
Below are presented some results
of the output of the combination
of a weather model forecast with a
distributed rainfall-runoff model in
forecasting the flow in large basins
in Brazil.

San Francisco River
flow forecasting
The San Francisco River Basin in
its section at the Três Marias reservoir has a basin of 50 784 km2. The
reservoir is used for hydropower.
The reservoir inflow forecasting has
been developed for dam operation
and dam safety. The study (Tucci et
al, 2005) was developed for the entire
San Francisco basin (639 000 km2 and
2 700 km) and the results presented
were for its upstream basin.
The rainfall was forecast by the
regional weather ETA model (Black,
1994), with a grid of 40 x 40 km
and a lead time of 10 days. Figure 2
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Simulated

5 000
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4 000
Flow, m3 s-1

0
(a)

Figure 2 — Accumulated
recorded and forecast
rainfall with (a) three
and (b) seven days lead
time by ETA model in Três
Marias, San Francisco
River basin, Brazil
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Figure 3 — Recorded and simulated flow by the hydrological model in the San
Francisco River at Três Marias from October 1984 to May 1986
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shows the recorded and forecast
accumulated rainfall with three and
seven days lead time. A network of
rainfall and flow gauges in the basin
supports the forecast.

350

200

Pobs

The distributed hydrological
model MGB-IPH (Collischonn and
Tucci, 2001) was fitted to the basin
(Figure 3). The model was verified
with data period and resulted in reliable results. In forecasting, some of
its variables can be updated by the
recent recorded flow, thus improving the model’s performance.

150

ETA
PREVIVAZ

The following three alternatives were used in forecasting:
(a) recorded rainfall as input to
the hydrological model for flow
forecast (Pobs). In this scenario,
the error comes from the rainfallrunoff model but it is not real, since
the future rainfall is unknown, but
measures the limit of the rainfall
forecasting; (b) rainfall forecast by
the ETA weather model as input
for the hydrological model; (c) stochastic model used by the power
company (Previvaz). The stochastic
model forecast the future from the
past data. It can be seen in Figure 4
that there is an important reduction
on the mean standard error of the
flow forecast with the integration of
the models as compared to 45 per
cent reduction error for one week
lead time and 27 per cent for the
second week of the existing modelling tool. The figure also shows
that, in the second week, the forecast using both models has more
room for improvement in the rainfall
forecast.

Uruguay river basin
Streamflow forecasts based on quantitative precipitation forecasts were
also tested in the Uruguay River at
Machadinho dam, where the drainage area is almost 32 000 km2. In
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Figure 4 — Mean standard error of the forecast with one and two weeks in advance
using (a) recorded rainfall (Pobs) + hydrological model; (b) weather model +
hydrological model (ETA); (c) stochastic model (PREVIVAZ)

this case, reported by Collischonn et
al. (2005), the model time step was
changed to one hour, due to the short
response time of the basin and the
availability of hourly rainfall data.
Rainfall forecasts were obtained
from the ARPS model (Xue et al.,
2003) run in three nested domains,
with spatial resolutions of 40, 12 and
4 km. This model has been running
operationally since early 2003 at the
Federal University of the State of
Santa Catarina (Haas, 2002).

a day at the time of this flood, so
the observed hydrograph, derived
by reservoir water budget, has a
very low time resolution. Figure 5(a)
shows forecasts issued at 07:00
on 30 September, using rainfall
forecasts initiated at 21:00 on
29 September, and using observed
rainfall data up to 07:00. At that time,
the basin had still not received much
rain and the streamflow forecast
based on the zero rain forecast
shows a recession.

Performance of discharge forecasts
was evaluated over a continuous 167-day period and from one
selected flood event, using rainfall
forecasts at three spatial resolutions. These forecasts were also
compared with that observed by
assuming (a) that no further rain
would fall, and (b) that rainfall
forecasts were equal to the rainfall
actually recorded. This represents
a surrogate for “perfect” rainfall
forecasts.

Streamflow forecasts based on
numerical weather prediction show
better performances, although all
three versions of the ARPS model
seem to underestimate rainfall for
this event. Flow forecasts based on
rainfall forecasts at the 40 km resolution of the ARPS model (ARPS-40)
correctly predict rising flows, but
peak discharge is estimated at less
than 3000 m3 /s—far less than the
observed peak discharge of close
to 14000 m3 /s. The ARPS-12 model
performed a little better, giving
forecasts of peak discharge near
5 000 m3 /s more than 24 hours in
advance. Although the forecast
discharge is still underestimated,
it would, under operational conditions signal the occurrence of a

The proposed forecasting methodology was first tested for the
2001 flood event, whose return
period was estimated to be near
to 100 years. The water level in the
reservoir was recorded only once
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Figure 5 — Incoming flows to the Machadinho reservoir: (a) forecasts beginning at t0 = 07:00 hours on 30 September 2001;
(b) forecasts beginning at t0 = 00:00 hours on 1 October 2001; forecasts beginning at t0 = 06:00 hours on 1 October 2001 (after
Collischonn et al., 2005).

relatively high flood during the
coming hours, alerting to the possible need for damage-prevention
measures.
As shown in Figure 5(a), discharge
forecasts based on the 4-km resolution ARPS 4 model seem to be
better than the others. ARPS-4
forecasts were only possible for
a lead-time of 24 hours, however,
which is too short for forecasts up
to the hydrograph peak. Figure
5(b) shows discharge forecasts
performed at midnight on 30
September, with the same rainfall forecast runs of Figure 5(a)
and observed rainfall data up to
midnight. At this time, a great deal
of rain had fallen, and flow entering Machadinho showed that peak
discharge would rise well above
5 000 m3 /s, as forecast at 07:00.
Even the forecast of incoming
flow, assuming no further rainfall,
showed that the hydrograph would
rise for the next 20 hours, with a
peak of about 12 000 m3 /s. This
forecast, interpreted as the lower
limit of an uncertainty range, would
be very useful for dam operation purposes. Figure 5(b) also
shows that forecasts based on all
three ARPS models with different resolutions gave estimates
of peak discharges well in excess

of 12 000 m3 /s, even approaching 15 000 m3 /s in the case of the
ARPS-12 model.
Finally, forecasts initiated at 06:00
on 1 October are very similar for the
different rainfall forecasts (Figure
5(c)). As can be seen, even the
zero rainfall forecasts gave good
forecasts of incoming flow to the
reservoir. Although the timing of
the observed peak flow is largely
uncertain, it was estimated that peak
incoming flows would occur in the
early hours of 1 September, so that
the good results in Figure 5(c) could
have been obtained 10 hours in
advance of the observed peak flows.
The results obtained for the 167day continuous period were not
so good (Collischonn et al., 2005).
In many cases, results could
have been obtained had it been
assumed that no rainfall would
occur at all, suggesting that it
would be better to ignore future
rainfall than to use QPFs.

Conclusion
Flood forecasting has became an
important social and economic
asset in water-resource management for risk management. The
improvement of flow forecast

requires research in weather and
hydrological modelling. In large
basins, it represents an integration
of meteorological and hydrological modelling knowledge in space
and time with integrated physical
behaviour, together with timeseries analysis. The results on large
basins presented in this paper show
that there is much to be developed
but there is an improvement as
compared to the stochastic tool
often used operationally. The use of
these tools in developing countries
requires an improvement in the
network of telemetric monitoring
stations. Satellite rainfall estimation
has an important future in this type
of environment in order to complement the lack of funds and stations.
Some further research recommendations are on updating
procedures, using stage and
streamflow data to improve initial
conditions for the model forecasts;
assessing economic and social
benefits of improved forecasts
(Collischonn et al., 2006); adapting
reservoir operation rules to the use
of streamflow forecasts that may
have various degrees of uncertainty
(Bravo, 2006); and using data that
are available on the global scale,
such as satellite estimates of rainfall (Collischonn, 2006).
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Towards a capability for
global flood forecasting
by D.P. Lettenmaier1, A. de Roo2 and R. Lawford3

WMO’s activities related to floods
aim to apply hydrological modelling and forecasting techniques,
risk assessment and integrated
flood management approaches to
reduce flood-related disasters while
maximizing the beneficial effects
of floods. This includes the review
of operational requirements for
forecasts and warnings and keeping
up to date with new technological
developments such as the development and promotion of integrated
terrestrial and satellite-based observations systems.
Increasingly, efforts are made
to enable National Hydrological
Services to reach out to communities in the provision of timely,
more accurate and meaningful
flood forecasts. This also requires
an important research effort and
further improvement of the collaboration between Meteorological
and Hydrological Services. This
will result in a significant improvement of flood warning systems and
valuable information for disaster
management.
Flooding is a pervasive natural hazard. According to the US

National Weather Service, the average annual cost of US floods from
1990 to 2004 was US$ 6.1 billion
(2004 dollars). A recent study of the
United Nations University shows
that floods impact over half a billion
people every year worldwide, of
which a disproportionate number
live in Asia (44 per cent of all flood
disasters worldwide and 93 per
cent of flood-related deaths in the
decade 1988-1997). According to
a 2003 report of the World Water
Council, flood and drought losses
increased globally ten-fold (inflation
corrected) over the second half of
the 20 th century, to a total of around
US$ 300 billion in the 1990s.
This increase in losses occurred
both as a result of an increase in the
number of events and to increases
in the losses per event. The former
reason may be climatic—an acceleration in the global hydrological
cycle is expected to lead to more
hydrological extremes—although
Pielke et al. (2000) found that most
of the increase in economic losses
owing to floods was associated with
a general increase in wealth, which
makes societies more susceptible to
climatic extremes.

1 Department of Civil and Environmental Engineering, University of Washington, Seattle,
WA, USA
2 European Commission DG Joint Research Centre, Ispra, Italy
3 International GEWEX Project Office, Silver Spring, MD, USA

Notwithstanding the seriousness of
the socio-economic consequences
of floods, there is at present no
global system for their prediction
nor even for consistent identification of flood events. Most developed
countries have reasonably sophisticated flood-prediction systems
which are based on a combination
of real-time reporting of extreme
precipitation and other surface
meteorological variables from in
situ, radar (and, in some cases,
satellite systems) and modelling. Such sophistication does not
extend, however, to the developing world. For instance, in the
Mozambique floods of 2000, only a
handful of precipitation stations in
the country were reporting over the
WMO Global Telecommunication
System—a number that would have
made predictive modelling used in
most flood-prediction systems in
the developed world unfeasible to
implement.
As an alternative to floodprediction systems based primarily
on in situ observations, we believe
that advances in hydrological
modelling at large scales, remotesensing and data assimilation
now make it possible to develop a
global flood nowcast and prediction system. Through advances in
land-data assimilation methods
(e.g. the North American Land Data
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Assimilation System (N-LDAS) (see
Mitchell et al., 2004) and a similar
European effort, E-LDAS (see Van
den Hurk, 2002), the capability of
land-surface models to produce
meaningful estimates of surface
hydrological conditions over large
areas (soil moisture, snow-cover
extent and water equivalent,
streamflow) has been demonstrated. To date, however, the focus
of these activities has been mostly
on improving the initial conditions
for land-surface state variables
used in weather prediction.
We believe that the potential
exists to leverage from the NLDAS and E-LDAS experience to
produce nowcasts and ensemble forecasts of flood conditions
globally. Forecasts would be made
by propagating nowcasts similar
to those produced by the LDAS
efforts forward in time (following
assimilation at the time of forecast
of selected satellite and in situ
datasets which might include snow
extent, snow water equivalent,
surface soil wetness, and possibly
surface (skin) temperature), using
ensemble-prediction methods
linked both to weather and nearterm climate (maximum about
15 days) forecast models. We shall
briefly describe efforts in both the
USA and Europe that utilize shortrange climate and medium-range
weather forecasts of precipitation
and other land-surface variables
to drive hydrology models, and
outline some ideas on how such
approaches can be generalized
globally.
For large river basins, accurate flood
forecasts depend on a combination of (a) the ability to forecast
accurately the movement of water
through the channel system, (b) the
ability to translate precipitation
and other surface meteorological
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conditions into runoff entering the
channel system, and (c) the accuracy
with which meteorological conditions during the forecast period can
be predicted. The relative importance of these three contributors to
flood-prediction accuracy depends
on a number of factors, including
the geometry and size of the river
network, the number and location of
stream gauging points, antecedent
hydrological conditions (including,
especially, soil moisture and snow
conditions, if relevant) and factors
that influence the hydrological
response of the watershed (e.g. soils,
topography, vegetation and geology).
Of these factors, antecedent soil
moisture and river hydrodynamic
conditions are the most dynamic
and, hence, subject to observation
and/or prediction. We shall briefly
discuss strategies that are amenable to utilizing information both in
current modelling frameworks and
the potential for the future.
We describe here early experience with two real-time forecast
systems designed for application
over large areas and for ingestion
of sources of hydrological data
that often are not used in opera-

Hydrological
model spin up

Long-term
retrospective
gridded
station data
1–2 years back

Near-real
time gridded
station data

2–4 months
to present

tional hydrological forecasting. The
University of Washington Westwide
Hydrologic Forecast System (Wood
and Lettenmaier, 2006) is designed
primarily for producing seasonal
hydrological forecasts over the
western USA, but it has been implemented for forecast lead times as
short as two weeks.
Figure 1 shows conceptually how the
system works and Figure 2 shows the
forecast system domain. The model
is run to the time of forecast using
gridded observations of precipitation
and temperature and other surface
radiative and meteorological forcings that in practice are derived from
precipitation and temperature. At the
time of forecast, hydrological state
variables (in particular snow water
equivalent and snow cover extent,
both key variables that control runoff
production over much of the western USA) are updated using in situ
and/or remote-sensing observations.
The model is then forced during
the forecast period with precipitation, surface air temperature and the
other variables noted above, which
are taken either from resampling of
historic observations (using methods
outlined in Twedt et al., 1977) or from

INITIAL
STATE

Update

25th day, month 0

Hydrological
forecast simulation

Ensemble
weather/climate
forecasts

Month 6–12

Figure 1 — University of Washington Westwide system schematic showing sources of
runup data, state variable update, and forecast drivers

of two-week streamflow forecasts in
the Snake River basin.

Canada
USA
Area
Pending

Figure 2 — University of
Washington Westwide
Hydrologic Forecast
System domain

One important aspect of the
University of Washington system
is that it is intended to serve as a
testbed for evaluating, in a quasioperational setting, new and
evolving forecast methods. Key
among these is data assimilation,
which, while widely used in weather
and climate forecasting, has only
begun to evolve in hydrology as an
operational tool.
McGuire et al. (2006) describe experience in the Snake River portion of
the western USA forecast domain
with updating of two-week lead time
forecasts using a remote-sensing
(MODIS) snow cover extent (SCA)
product. As described in McGuire
et al. (2006), when the MODIS SCA
product showed the absence of
snow where it was predicted by the

model at the time of forecast, the
model snow water equivalent (SWE)
was updated by resetting the SWE
to zero. In locations where MODIS
SCA showed snow not simulated
by the model, a (small) amount of
SWE was added to the model. This
adjustment was in addition to updating SWE using point observations
from the NRCS SNOTEL network of
snow pillows following a procedure
outlined in Wood and Lettenmaier
(2006). McGuire et al., (2006) show
that the MODIS updating generally
reduced the mean absolute errors

The hydrology model at the core
of EFAS is LISFLOOD (De Roo et
al., 2000; 2002) a land atmosphere
model which has somewhat similar
overall construction to the Variable
Infiltration Capacity (VIC) model.
LISFLOOD simulates runoff and
flooding in large river basins as a
consequence of extreme rainfall.

Photo: courtesy of Branislav Lučić

ensemble climate predictions (downscaled and bias- corrected, using
methods described by Wood et al.
(2004). As part of the forecast procedure, nowcasts of soil moisture (at
multiple depths), snow water equivalent, runoff and other hydrological
variables are produced on a spatially
distributed basis, along with ensemble forecasts of streamflow at about
100 forecast points throughout the
western USA.

The European Commission Joint
Research Centre runs the European
Flood Alert System (EFAS) (De
Roo et al., 2003), which is intended
to demonstrate the potential for
flood forecasts with longer lead
(typically three to four days and
longer) than those issued operationally by national forecast agencies
in Europe. EFAS shares certain
similarities with the University
of Washington Westwide system
described above: in particular, it
utilizes ensemble medium-range
weather forecasts (rather than
ensemble climate forecasts in the
case of the Westwide system), and
is based on a state-of-the-art macroscale hydrological model.

Floods in Jaša Tomić, Vojvodina, Serbia, April 2005
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It is a spatially distributed rainfallrunoff model, which takes into
account the influence of topography,
precipitation amounts and intensities, antecedent soil moisture
content, land-use type and soil type.
LISFLOOD simulates flood events
or runs continuously in catchments
using various pixel sizes (from 1 km
or smaller up to 5 km) and with
time steps (ranging from 1 hour (or
less) to 1 day). The Danube River
is one of the pilot catchments for
EFAS and the Danube experience
is instructive as to the issues and
opportunities afforded in coordinated flood forecasts for large areas.
The Danube has a drainage area of
about 800 000 km2, parts of which lie
within 18 countries. It is the second
longest river in Europe and the 19th
longest in the world. The mean
discharge near the mouth at Galaçi
(Romania) is 5 600 m3/s and the 100year flood peak is about 16 000 m3/s.
LISFLOOD has been implemented
over the Danube basin at 5-km
spatial resolution (currently being
increased to 1-km over part of
the basin). Conceptually, use
of LISFLOOD for flood-forecast
purposes is similar to the VIC setup
shown in Figure 1, in which the
model is run to the time of forecast
with gridded observations, which
are obtained in near-real-time.
Observations of the key model forcing the variables precipitation and
temperature are reported in realtime by the National Meteorological
and Hydrological Services and the
water administrations in 14 of the
18 countries within the Danube basin.
The large number of authorities
responsible for data collection and
dissemination over various parts of
the Danube basin is a complicating
feature of the model implementation there in real-time; it has been
necessary to contact more than 50
administrations. In addition, experi-
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ence has shown that data delivered
are usually very different in format
and content in the respective files;
some data are not available in digital
format at all—which leads to the
need for a substantial effort in dataquality assurance in near-real-time.
The model is being tested by Joint
Research Centre (JRC) staff working
with national experts from Austria,
the Czech Republic, Germany,
Hungary and Slovakia. Calibration
and validation, using retrospective observations, are underway or
completed for the Upper Danube,
Morava River, upper Sava River,
Hron River, Drava River and Tisza
River at 1-km spatial resolution.
Real-time testing of a 1-km implementation of the model for the
Danube (currently 5 km) will start in
summer 2006.
A key aspect of EFAS that is attractive for implementation elsewhere
(see discussion below) is the use

of forcing data from the European
Centre for Medium-Range Weather
Forecasts (ECMWF) forecasts. At
present, EFAS uses ECMWF deterministic 10-day forecasts (at 40-km
spatial resolution), as well as the
ECMWF Ensemble Prediction
System (EPS), consisting of
51 ensemble members. Spring
2006 floods in the upper Danube
and Elbe basin provide an interesting case study for the potential of
intermediate-range flood forecasts.
Figure 3 shows a sequence of 10-day
ensemble forecasts for the upper
Vltava River in the Czech Republic
(upstream catchment area 2 550 km2),
a tributary of the Elbe River. The
figure shows that, already on
20 March 2006, 31 members out
of 51 (EPS) forecasts (comparable
with a 60 per cent probability) were
predicting water levels exceeding
the high alert level for 29 March.
In fact, on 28 and 29 March, floods
started, leading later on to problems

Forecast day 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
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Figure 3 — Forecast alert sequence for upper Vltava River (tributary of Elbe River)
beginning 20 March 2006 in 12-hour increments for 1-10 day lead times. Numbers in
cells indicate number of ensemble members (of 51) for which flooding was predicted.

Apart from in situ observations in
data-sparse regions, there are two
primary options: satellite precipitation estimates and analysis fields
from numerical weather prediction
models. A great deal of effort is
ongoing in both areas, a review of
which is well beyond the scope of this
article. However, information from
data sources such as the ECMWF
ERA-40 (ECMWF Re-analysis-40)
reanalysis (produced by re-runs of
a “frozen” version of the weather
forecast model, using state of the
art data assimilation methods) is
encouraging.
Figure 4 shows long-term seasonal
means of precipitation averaged
over two major tributaries of La
Plata River in South America as
compared with gridded observations. In the mean sense, the ERA-40
estimates (which are independent of
the observations—ERA-40 does not
assimilate precipitation) the results
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Figure 4 — ERA-40
and observed (from
gridded station
data) mean monthly
precipitation for
Uruguay, Parana, and
Paraguay tributaries of
La Plata River, 1979-99
(courtesy of Fengge
Su, University of
Washington)

are remarkably close. Further scrutiny (figures not shown here) reveals
that there are differences between
the two data sources in terms of
spatial distribution, but the results
are nonetheless encouraging.
Another evolving source of data
that will facilitate flood forecasting
globally is satellite observations of
surface water level. Satellite altimeters have been in use since the
1980s for determination of ocean
levels. In general, the technology
and data- processing algorithms
have emphasized vertical accuracy
at the expense of spatial resolution, such that observations have
been useful only for very large
water bodies. However, as shown by
Alsdorf et al. (2004), swath altimetry,
which is able to produce estimates
of surface water elevations with an
accuracy of a few centimetres in
the vertical averaged over less than
1 km2 of surface area is now feasible.
It is the subject of ongoing planning
in both Europe and the USA. One
can easily envisage data-assimilation
systems wherein hydrology models,
forced by numerical weather prediction analysis fields, provide forcings
to a river hydraulic model which
is updated to produce real-time

250
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Although both the UW Westside and
JRC EFAS systems are being tested
in regions with reasonably good in
situ data networks, we believe that
there is considerable potential for
application in less developed parts
of the world, where in situ observations of precipitation are sparse.
In cases where there is a need for
forecast lead times that exceed the
typical time of travel through the
channel system, accurate estimation
of hydrological initial conditions is
critical and the currently most viable
methods are based on continuous
simulation, which, in turn, requires
accurate precipitation in the run-up
period (see Figure 1).
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downstream in the Elbe and in the
Danube. As time progressed, the
signal became even stronger, allowing the EFAS team to send an early
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discharge estimates via assimilation of satellite-observed surface
water profiles and, in turn, is forced
with ensemble weather and climate
sequences forward into the forecast period. Such strategies would
be greatly facilitated by centralized
forecasting approaches, which could
devote resources to the massive
data handling, quality control and
ensemble simulation that would be
required.
Both of the projects described in
this article contribute to the development of macroscale distributed
hydrological prediction systems and
rely on ensemble forecasts using
techniques that are being developed in the Hydrology Ensemble
Prediction Experiment ((HEPEX),
Franz et al., 2005). As outlined by
Soroosh et al. (2005), many of these
activities are being coordinated by
the Global Energy and Water Cycle
Experiment (GEWEX) project of the
World Climate Research Programme
(co-sponsored by WMO, the
Intergovernmental Oceanographic
Commission of UNESCO and the
International Council for Science).
Although GEWEX has focused on
the development of these systems,
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it has not addressed the applications of these tools specifically for
flood forecasting. It is anticipated,
however, that, as the topic of
extremes receives greater emphasis in the climate community, more
effort will be directed at the development of global flood prediction
and monitoring systems by GEWEX
and other hydrological research and
observational programmes.
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The WMO legacy for the
21st century: meteorology as a
model for humanity
by John W. Zillman

I had assumed that, with the completion of my time as the seventh
Director of the Australian Bureau
of Meteorology and the seventh
President of WMO in mid 2003, I had
fulfilled my final obligations to speak
publicly about the achievements
and the challenges of national and
international meteorology and could
revert to more private reflection on
the highs and lows of nearly 50 years
in the world of weather and climate.
So it came as something of a shock,
albeit one coupled with a level of
professional satisfaction that would
have seemed self-indulgent during
my time in office, to have been named
the winner of the 50th IMO Prize; and
to realize that, with the Prize, came
the obligation and the opportunity to
use the momentary platform that it
provided to try to pass on a little of
whatever wisdom I have been able to
gather along the way during a very
privileged life in the international
meteorological community.
It also prompted me to look back,
not for the first time but in a very
different way from ever before,
on the professional careers of the
49 IMO Prize winners who have
preceded me, most of whom I have
known and worked with; and many
of whom have been my closest
friends and mentors throughout
my career. The earliest winner I got

to know, after learning my basic
synoptic meteorology from his text
book, was Sverre Petterssen, who
was awarded the 10 th IMO Prize in
1965 and who my Bureau colleague
Bill Downey and I were thrilled to
meet, on the initiative of our own
special mentor Don Johnson, at
the University of Wisconsin in the
early 1970s. I could not overstate
the inspiration I got from a series
of lectures on the scientific basis of
weather forecasting from the great
Tor Bergeron who was awarded
the IMO Prize in 1966. And, during
the 1960s and early 1970s, I read
every available English language
translation of everything written on
atmospheric radiation by my then
scientific hero, and subsequently
good friend, Kirill Kondratyev, the
winner of the 1967 IMO Prize.
It was a special privilege and source
of inspiration for a young ex-Brisbane
forecaster to find himself working in
international meteorological forums,
through the 1970s, with the intellectual giants of the World Weather
Watch and GARP (Global Atmospheric
Research Programme) generation:
Bill Priestley, John Sawyer, Joe
Smagorinsky, Warren Godson, George
Cressman, Bob White, Bert Bolin,
Tom Malone, Vern Suomi and John
Houghton, to mention just a few of
the IMO Prize Winners of the 1960s,
1970s, 1980s and 1990s to whom I owe

This article is an edited and
slightly expanded version of
John Zillman’s remarks on
acceptance of the 50th IMO
Prize, Adelaide, Australia,
9 May 2006.

a special debt of gratitude for their
professional guidance and personal
friendship; as well, of course, as the,
in my opinion, all-round outstanding
Australian-born meteorologist of the
20th century, bar none, my predecessor
as Director of the Australian Bureau
of Meteorology and former First Vice
President of WMO, Dr Bill Gibbs; and
my own special friends and colleagues
from my early years in WMO, Dick
Hallgren of the USA, Yuri Izrael of
the USSR and Roman Kintanar of the
Philippines.
It is a very humbling experience to
look back on the achievements of
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their careers, and the careers of the
many other outstanding figures of
20th century meteorology, whose
names do not yet appear in the list of
winners of the IMO Prize. But I have
rationalized that, if my personal
scientific contribution seems small
compared with theirs, perhaps I have
been accorded this honour because
I was, at least, smart enough to
understand the importance of learning from the experience of others
and not discard too quickly the
accumulated wisdom of the past;
and maybe, even, because it enabled
me, from time to time, to see a
little further than would have been
possible if I had not been given the
opportunity to look forward from the
shoulders of giants.

favour as a model for international
cooperation in much wider fields of
human affairs.

The power of global
cooperation

World Weather Watch through which
every nation contributes voluntarily
what it can to the global effort and all
are enabled to draw from it to deliver
essential weather and climate
services to their national communities
according to their needs.

Meteorology as a
model for humanity

It is extraordinarily satisfying to
spend one’s life in a field in which
truly global cooperation is both so
essential and so powerful; and in
which the ties of professional friendship bind so tightly across barriers of
race, religion, culture and social and
economic condition. There could be
no more compelling demonstration
of the power of global cooperation to
do good in the world than the legacy
of the international friendships built
up during the early years of WMO
that underpinned the design and
implementation of the World Weather
Watch and GARP, at the height of the
Cold War, as a basis for the dramatic
improvements in weather forecasting and warning during the 1980s and
1990s and the now rapidly emerging
capability for prediction of global
and regional climate. In a world of
relentless competition for the use of
limited resources, it behoves us all to
contemplate the extraordinary efficiency and achievement of the WMO

Lest I should fail to make my most
important general point sufficiently
clearly through the specifics which
follow, let me say upfront that
I believe the work of IMO and WMO
during the 20th century has made
international meteorology the finest
example of sustained international
cooperation in science, or in any other
field, in the history of the world. The
world will be well served if the WMO
tradition of international cooperation
can be maintained intact through the
21st century and if the level of trust,
mutual support and commitment to
the common good that pervades the
global meteorological community find

John Zillman holds his IMO Prize Medallion flanked by the President of WMO,
Dr Alexander Bedritsky (second from left) and the Secretary-General, Michel Jarraud
(second from right), and two of his former Australian Bureau colleagues, Bob Brook
(left) and Bill Downey (right).

Though I see the way ahead less
clearly now than I thought I did a
quarter of a century ago, I am grateful for the opportunity to reflect on
a few of the issues that seem to me
to be of timeless importance to the
future of meteorology as a science,
as a profession and as a service to
virtually every person on the planet.
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Free and unrestricted
data exchange
When I first became substantially
involved in international meteo
rology in the 1960s and 1970s, it
seemed so self-evident that the
free and unrestricted international
exchange of meteorological and
related data was so fundamental to
all of the basic purposes of WMO
and to the provision of essential
forecast and warning services
worldwide that there was little need
to spend time on its justification or
legal codification. During the 1980s,
I began to fear, but totally underestimated, the capacity of market
fundamentalism to envelope the
globe and infuse even the highly
cooperative world of international
meteorology with competitive
mind-sets that, within a matter of a
few years, threatened the complete
breakdown of the international data

exchange which is the sine qua non
of meteorological service provision
everywhere. One of the greatest
achievements of WMO in the 1990s
was to eventually fend off the
threatened international data war
and most of the misguided attempts
to transform basic meteorological
information from a public service
into a business opportunity; and to
largely, albeit not yet completely,
restore the concept of free and unrestricted exchange of meteorological
and related data and products as
a global public good. One of my
greatest disappointments, in my
final years in WMO, was that we
were not bold enough to build the
principle of free exchange into the
WMO Convention, while we could,
as a small but important contribution to saving future generations
from repeating the worst stupidities of the past. I would like to think
that there is still some prospect of a
groundswell of support for strengthening the Convention before the
next wave of ideological fashion
begins to gather in the public policy
think-tanks around the world.

Composition of the
Executive Council
I feel bound, at this point, and in
a world that is much less trusting of multilateral international
organizations and much more
preoccupied with the competitive
advantage of nations than when
the WMO Convention was negotiated 60 years ago, to reinforce, one
hundred fold, the importance of one
of the essential conditions for its
success that the founding fathers
carried over from IMO and built
into the structure and functioning
of WMO. In my assessment, there
is no single factor that has done
more to ensure the integrity, efficiency and cohesion of WMO as a

specialized international organization than the requirement that the
members of its Executive Council be
Directors of National Meteorological
or Hydrometeorological Services
(NMSs) elected to serve in their
personal capacities in the interests of the Organization as a whole
rather than as representatives of
their own governments. It enabled
us to build the World Weather Watch
for the benefit of the entire global
community, including especially
those in developing countries, it
got us safely and harmoniously
through the Cold War and it enabled
us to avert the impending international data war of the mid-1990s. It
is a feature of WMO which, in my
view, must never be surrendered to
political expansionism or fashions of
governance if we are to maintain the
long-term integrity and effectiveness of international cooperation in
meteorology.

The National
Meteorological Service
While I have long championed
the concept of WMO, built into its
Convention, as the international
mechanism for coordination of
meteorological and related activities among nations, and not just
amongst their NMSs, I believe
that the contribution of the NMS
of each and every Member State
and Territory of WMO is so fundamental to the whole international
meteorological enterprise that WMO
must never waver in its defence of
the global network of NMSs and
the working relations among them.
While the role of the state is clearly
changing in an era of globalization, I believe that the NMS must be
maintained as an essential component of the basic infrastructure of
every country. There is no other
mechanism capable of discharging

the basic national meteorological
responsibilities of every government—from sustained, coordinated
and standardized observation and
data collection to essential public
service delivery in support of the
safety of life and property and the
mitigation of natural disasters of
meteorological, hydrological or
oceanographic origin.

Partnerships in
service provision
Meteorological service provision
has always relied heavily on partnership, mutual support and voluntary
cooperation between the public
and private sectors, academia and
the mass media. I see the future
as increasingly dependent on the
establishment of effective publicprivate partnerships at the national
level in which the public sector (i.e.
the NMS) funds and operates the
basic infrastructure and provides
the essential public services and
the private sector adds value to
the output of the public sector
by serving the needs for tailored
services in support of the competitive advantage or private gain of
individuals and organizations; but
I see as totally inappropriate, for
meteorological service provision,
the currently fashionable interpretation, at least in some countries, of
the concept of public-private partnership through which the resources
of the private sector are enlisted
to perform public functions in the
expectation of delivering private
profit and shareholder value for its
investors.

Management in
meteorology
My time in the senior levels of the
Australian Public Service and WMO
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spanned the transition of public
administration from the simple
world of professional leadership,
intuitive planning, input-based
budgeting and succinct reporting of key achievements, to the
world of the so-called New Public
Management with all its sophisticated output-, outcome- and
results-based planning, budgeting and reporting paraphernalia
aimed at achieving increased efficiency and enhanced performance
through the adoption of a succession of ever-more-complex and
ever-more-demanding management
methodologies and accountability
regimes.
I do not believe that the benefits
have justified the cost. Indeed, while
I could not be more committed to the
importance of clear objectives, well
articulated strategy and wide ownership of organization plans—I could
not have lead the WMO long-term
planning process for 12 years if I were
not—I believe that the mindless
imposition of the latest management
fashions by change agents with no
understanding of the role, history or
culture of the organizations they set
out to change, have done enormous
damage to the working of NMSs and
other public sector organizations
in both developed and developing
countries. If I have learned anything
in my time, it is that change is relatively easy to implement in public
sector organizations but change for
the better is very, very hard. If I were
invited to suggest some improvements for the future, I would cut back
on short-termism, instant deliverables, change management, business
jargon and all of the ritualistic and
largely meaningless performance
and accountability mechanisms
and metrics that have now engulfed
the public sector around the world
and encourage the emergence of a
new era of professional leadership,
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common sense, simplicity, trust and
organizational loyalty.

Management advice
I am the first to acknowledge that
there were many inadequacies in the
leadership, management, operation
and internal and external communication of the Australian Bureau of
Meteorology in my time and I know
the operation of the Bureau suffered
from my pathological reluctance
to pass on anything that I thought
could still be improved. But, to the
extent that the Bureau was judged,
on occasions, to work a little better
than many of its sister organizations, I would attribute that, in
large measure, to the best piece of
management advice that I was ever
given for public sector organizations. Whenever you are about to
make a submission up the line—or
indeed to busy colleagues around
you—ask yourself, before you send
it off, whether you have presented it
in such a way that the action recommended or decision sought will make
the smallest possible demands on
the time of the person to whom you
are directing it; and, if the answer is
no, start again and repeat the process until it passes that test. I note, in
retirement and without any reservations about the timeless wisdom of
that advice, that this is almost the
diametrically opposite philosophy
to how most communication now
takes place in the e-mail and Internet
world which encourages one to refer
busy people to Websites for the
background they need for decisionmaking and to spray out as much
information as possible, relevant or
otherwise, to everyone you can think
of in the hope that at least one recipient will do what needs to be done to
deal with the issue involved. There
is no doubt that everyone in “the
system” is receiving more and more
information and everyone is working

Portrait of John Zillman, President of
WMO 1995-2003 and winner of the
50th IMO Prize (portrait by Peter Zageris)

harder and harder to make use of it
but it is far from clear to me that the
system, as a whole, is working better.
I strongly recommend that a little
of the spirit of the advice that I was
given nearly 30 years ago be grafted
onto the management practices and
communication etiquettes of the
times.

Bridging the old divides
One of the greatest achievements
of international meteorology in
recent decades, in my view, has
been the almost complete bridging
of old disciplinary divides with the
hydrological and oceanographic
communities and between the
governmental and non-governmental sectors of meteorology; as well
as the much stronger outreach from
meteorological service providers
to their user communities through
Public Weather Services and other
user-oriented initiatives within the
WMO Applications of Meteorology
Programme and the World Climate
Programme. I see the challenge for
the future as that of further strengthening those interdisciplinary
partnerships and building more and
stronger channels of communication

and engagement with the diverse
user communities, as well as with
those in economics, law and public
policy whose expertise is becoming increasingly important to all we
do. But we must build those new
bridges without diluting the basic
strengths of our own discipline or
spreading the international meteorological community so thinly that we
can no longer meet the reasonable
expectations that society has of us
for continuing progress within our
own very specialized field of science
and service provision.

The bridge with
economics
Despite some early sparks of
enlightenment, it was only towards
the end of my meteorological
career that I began to acquire even
a primitive understanding of basic
economics, of the potential synergies of meteorology and economics
in addressing some of the great
global challenges of our times, or
even of the importance of achieving
a generally agreed economic framework for meteorological service
provision. I have been fascinated
to gradually come to understand
how much the two disciplines have
in common and how much they
can potentially contribute to each
other. I am certain that we in meteo
rology have much to gain from a
far better grounding in economics
than was part of my meteorological education. As I contemplated
the challenges of enhanced meteo
rological support for achievement
of the Millennium Development
Goals in Africa, recently, I began
to see more clearly how we might
deliver the immense potential of
weather and climate information,
efficiently provided and effectively
used, in addressing the multiple
challenges of agriculture, water,

energy, food, health and poverty
reduction in developing countries.
I strongly encourage WMO in its
efforts to build new and much
stronger bridges with the economics
community.

Seamless monitoring
and prediction
In the 1970s, 1980s and early
1990s, we found it necessary to
remind the world, and ourselves,
that climate was just as important
a part of meteorology as weather
by establishing the World Climate
Programme, underpinning it with
the Global Climate Observing
System (GCOS) as an observing
“system of systems” built on the
World Weather Watch, the Global
Atmosphere Watch and the various hitherto largely uncoordinated
terrestrial, hydrological and oceanographic observing systems; and
by beginning work in earnest on the
predictability of climate, including
assessment of the risk of adverse
human interference with the global
climate system. The progress of the
past 30 years has been remarkable
and I suspect that there are very few
who learned their basic meteorology in the 1950s and 1960s who
could have foreseen that climate
issues would now be mainstream
in world affairs. But I think the time
has come to return to a much more
seamless approach to weather
and climate— both in the way we
observe the Earth system and in the
science and institutional arrangements for prediction and service
provision.

International partnership
There were several attempts during
my time to turn WMO into a world
geophysical organization that would
do for all the Earth and environmental

sciences what the WMO, and the IMO
before it, have done for meteorology
and meteorological service provision over the past century. I have
always supported, instead, a WMO
strategy of building partnerships with
UNESCO and its Intergovernmental
Oceanographic Commission (IOC),
UNEP (United Nations Environment
Programme), FAO (Food and
Agriculture Organization) and the
other United Nations system organizations responsible for various parts
of the Earth sciences, through cosponsored international programmes
and systems, in the belief that this
would better serve the ultimate objective of fostering partnership, mutual
support, adequate resourcing and
effective coordination between the
NMSs and their counterpart organizations at the national level in individual
countries.
Until a few years ago, I was
convinced that the international
partnership and co-sponsorship
model was working well and I took
considerable satisfaction from the
evident progress of joint initiatives
such as GCOS, especially since it
accommodated so well the secret
of the success of GARP—the joint
sponsorship by, and involvement
of, the intergovernmental (UN
system) community and the nongovernmental scientific community
through ICSU (International Council
for Science). I also took heart from
the growing support for building
on the GCOS model to provide an
integrated Earth observing system
that would meet the needs for a
much more comprehensive suite of
environmental data; and for building on the success of the World
Weather Watch model to provide the
integrated “end-to-end” operational
system, from observation to service
delivery, for all the Earth sciences
that the NMSs of the 187 Member
countries of WMO have provided so
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effectively for meteorology at the
national level. Like Dick Hallgren of
the USA, I saw this as the essential
architecture of an eventual integrated global Earth observation
and service system, under which
the NMSs and all the other key
observing and service provision
organizations would work together
in the coordinated provision of
essential environmental services at
the national level.
It did not occur to me that, after
making so much progress, we
would ever consider establishing
a new international organization outside the framework of the
WMO-UNESCO-UNEP-FAO-ICSU
partnership, and in at least partial
competition with it for political profile, resources and user
community support. But we have
gone that route with the recent
establishment of GEO (Group on
Earth Observations) and GEOSS
(Global Earth Observing System
of Systems) and we now face the
enormously important challenge
of making GEOSS succeed for the
greater benefit of all countries
without weakening or undermining WMO, NMSs, or any of the
other international and national
organizations responsible for the
component systems from which
it must be built. My assessment,
with the wisdom of hindsight, is
that I was wrong a decade or so
ago and that the world might have
been better served if we had forged
ahead aggressively at the time to
turn WMO into the single integrated
world geophysical organization that
might have done what GEOSS now
seeks to do for Earth observation
but which would also have gone
that further vital step of providing the international framework
for coordinated environmental
research, modelling and service
provision at the national level.
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I believe that our strategy now,
within the Earth system science
community, must be to exploit to the
full whatever political support, efficiencies and new resources can be
more effectively leveraged through
GEO’s establishment outside the
UN system and either work sensitively towards an eventual merger
of GEO with WMO to produce an
integrated Global Earth Observation,
Research and Service Organization
or, towards what is still, deep down,
my preferred option of eventually
absorbing GEO into the larger UN
system as a joint (WMO-UNESCOUNEP-FAO-WHO (World Health
Organization)) high-level intergovernmental mechanism for ensuring
overall coordination and interoperability of the various jointly
sponsored component systems of
GEOSS.

Atmospheric science
and public policy
Reflecting recently on the early
history of the Australian Bureau of
Meteorology provided me with a
powerful reminder that the central
involvement of meteorology in public
policy debate is nothing new. What
is new is the emergence, over the
past 25 years, of a series of major
global environmental issues, of which
desertification, ozone-layer destruction
and human-induced climate change
are the most important, for which the
contribution of atmospheric science
is fundamental to the development
of sound public policy at the global
scale. But there are inherent tensions
between the role of science in informing public policy development and the
role of scientists in influencing what
that policy should be. The international meteorological community can
take great credit for having provided
early warning of the risk of ozone-layer
destruction and greenhouse warming

but I am increasingly troubled by the
actions of those in the meteorological
community who have sought to use
the hard-won credibility of the science
to seek to influence public policy in line
with their own assessment of what
should be done. I believe this is unwise
and dangerous and risks undermining the credibility of the science and
hence ultimately the prospect that
proper weight will be given to sound
scientific advice in the future. I respect
the integrity of those who conclude
that their special understanding of the
science obliges them to promote the
political action that they believe should
follow from that science but my own
view is that, as scientists, we must
maintain complete objectivity in the
way we present the science for use in
informing public policy development.
At the very least, and I do not compromise at all on this point, I believe that
we have an absolute obligation, when
presenting scientific advice, to make
clear when we are doing so objectively
according to the norms and disciplines
of science and when we are interpreting it through our own value systems
in support of our own policy agendas.
I believe this obligation falls as heavily on international organizations like
WMO as it does on the shoulders of
individual scientists. I consider that the
WMO-UNEP Intergovernmental Panel
on Climate Change (IPCC) has, so far,
met its obligations exemplarily in this
respect and I urge those who seek
to use its credibility to support their
causes in public policy forums to maintain the same scientific discipline and
precision in the use of language that
has been built into the IPCC assessment process.

The Australian Bureau
of Meteorology
It was a great privilege to work in the
Australian Bureau of Meteorology
for most of the second half of the

20 th century and a great honour, if
also sometimes a heavy burden,
to serve as its Director for a little
more than half of that time. The
Bureau is a superb organization
with a proud history and a deeply
ingrained culture of professionalism,
scientific excellence and commitment to public service, which, in
terms of organizational cohesion
and effectiveness, proved more
powerful by far than all the management mantras that were thrust upon
it from outside. Its services have
always spoken for themselves in the
eyes of the community and, despite
the never-ending succession of
reviews of its role and operation,
governments of all persuasions
have continued to reaffirm its
value to the nation and its place as
a fundamental component of the
national infrastructure. Though
long since spread too thinly for
optimum performance of its role, it
approaches its second century of
operation as one of the most widely
valued and respected public sector
organizations in Australia.

Meteorology as a career
It is clearly difficult for me, a meteo
rologist for almost 50 years, to offer
a properly informed and balanced
judgement on a career in meteorology by comparison with careers in
other fields. But, having spent my
first 20 years on the land and having
gone to some effort, in more recent
times, to understand and work with
other branches of the natural and
social sciences, and especially with
the business community, it is probably appropriate that I try.
On looking back on my own career,
I conclude that, while I would have
dearly loved to stay on the farm or
fulfil my childhood ambition to join
the navy (I did apply) or my later
aspirations to go into engineering,

law, medicine, business or even
politics, I believe I have been well
served by the toss of a coin that
catapulted me into the Bureau of
Meteorology.
When you become a meteorologist,
you become a member of a very
special global family, with privileged
access to lifelong enjoyment of
the intrinsic beauty and captivating science of clouds and sky. Your
reward will be rarely, if ever, fame
or fortune but a modest living and
the immense satisfaction of working with professional colleagues
from every country and corner of the
globe to deliver a service from which
virtually every person on the planet
can benefit and which few, if any, are
motivated to withhold from others.
From time to time, it is true, we find
ourselves the subject of criticism for
being too inward-looking, too tightly
knit as a profession, too resistant to
the introduction of ideas from other
fields and too reluctant to move on
from meteorology to other careers.
In one sense, I believe that this is
an inaccurate characterization in
that the meteorological community
is, by the very nature of our work,
more outwardly focused on meeting the needs of a wider range of
stakeholders and user communities
than those in any other field I know.
But to the extent that it is true, I see
it, not as a weakness, but as one of
the great strengths of meteorology;
a product of the intense team spirit
that is forged among those who work
together in small groups around the
clock in circumstances where the
spectre of disaster can appear at
any hour of the day or night, where
not a single piece of information
can be overlooked, nor a moment
wasted in assuming the awesome
responsibility of swinging into full
warning mode; and which makes a
Met Service person welcome to drop

in, day or night, at any Met Office
anywhere around the world. We are
entitled, in my view, to draw great
strength from the special circumstances of meteorology that make
us so different and to take pride
from being part of such a close-knit
professional community.

Looking back and
looking forward
In the closing ceremony of
Fourteenth World Meteorological
Congress in Geneva on 23 May
2003, I felt moved to look back on
my first involvement in the work of
WMO and forward to the potential of
international meteorological cooperation in the 21st century. In the same
words that I used on that occasion,
I would like, again, to reflect on the
immense satisfaction that accrues
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to those who become part of the
WMO family and to reaffirm my
confidence in the inherent strength,
unity, integrity and societal importance of the science and institutions
of international meteorology.
During my first Congress in 1975,
I went walking in the Swiss mountains with some of the great figures
of the formative years of WMO who
had served on opposite sides of
a terrible war but who were now
bound closely together in friendship
by their common love of meteorology and their belief in the power of
international cooperation to do good
in the world.
I learnt from them that, in WMO,
we really are one great, tightly knit
global family. Just as I was captivated by the beauty and clarity of the
mountains, my eyes were opened
to the enormous potential of international cooperation to enhance the
quality and value of meteorological and hydrological services and
I began to see more clearly how the
structure that our founding fathers
had built could serve as the foundation for even greater contribution in
the years ahead.
That inherited sense of vision, and
the friendship and support of all
those, far too many to mention
by name, who have shared and
strengthened it over the nearly three
decades that I returned each year to
WMO, have sustained my belief that
we are the most privileged, most
united and most effective international community in the world.
On the first weekend of Fourteenth
Congress, I went once more to the
mountains. The morning sun lit up
the mountain peaks just as it did so
many years ago but the afternoon
mists swirled up and the more
distant peaks faded from view.
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So it is with science and with life.
I do not see as clearly as I once
thought I did the detail of the vast
panorama of opportunities ahead
but I take great satisfaction from
the knowledge that there are many
others in the WMO community now
who do and who will.
My own overwhelming emotion at
the end of my WMO career is one of
gratitude for the trust and support
of the WMO family over the years
of my involvement. My admiration
and affection for the magnificent
people of the Secretariat knows no
bounds. I am very sad to leave the
WMO community. I would have loved
to have found ways to stay longer,
but I hope that my judgement is still
good enough to know the right time
to leave.
And I leave in the knowledge that
I have been part of an extremely
exciting and enjoyable period in
the progress of international meteorology. I come to the end of my
personal journey with a sense of
satisfaction that we have been able
to hold WMO together through
some extraordinarily difficult times
and with a profoundly positive
view of what it will achieve in the
21st century.
This, then, in summary, is my
world view of meteorology as its
custodianship passes to another
generation. It is one of the most
exciting, challenging and practically useful fields of natural science
with a future that promises both
steady progress and occasional
giant leaps forward as spectacular
as any that have been achieved in
the past in any field. It is a profession that is as noble, as inspiring
and as all-consuming as any and
one that can give, to those who are
fortunate enough to stumble on it in
their youth, a lifetime of satisfaction

that few, if any, in retirement, would
have foregone for all the material
reward in the world. It is a global
family whose ties of trust and friendship will continue to bind tightly
across the barriers of race, religion,
culture and social and economic
condition to contribute in a small but
significant way to the highest ideals
and aspirations that every generation holds for the future of humanity.
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Research to support improved
tropical cyclone landfall
forecasts and warnings
by Russell L. Elsberry*

Tropical cylone
landfall disasters
Tropical cyclone landfalls have
caused tremendous loss of lives and
damage. Two cyclonic storms striking Bangladesh on 12 November
1970 and 29 April 1991 caused more
than 300000 and 130000 deaths,
respectively. Examples of disastrous
landfalls can be cited in other countries: China: Nina in August 1975;
Japan: Flo in 1990; USA: Andrew in
September 1992; Australia: Tracy in
December 1974.
The impacts of tropical cyclone landfall continue to be felt around the
world each year. During 2004, Japan
was struck by a record number of
tropical cyclones. A summary of
the estimated economic losses in
East Asia from four typhoons during
2004 is given in the table below.
Even though large damage was
sustained, the loss of life was fortunately relatively low for such a large
number of tropical cyclone landfalls.
No doubt the damage and loss of life
would have been far larger had it not
been for the long-term investments
Japan has made in conventional
and remotely sensed observations,
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numerical model guidance, an effective warning system that includes
multiple methods of communicating
warnings, a mitigation programme
and disaster- preparedness plans.
In the USA, four hurricanes struck
the state of Florida during 2004.
Preliminary loss estimates from
these four storms exceeded US$
42 billion. Just as in Japan, the
number of lives lost was small
because of the development of an
effective warning system, and investments in mitigation programmes.
Hurricane Jeanne, however, made
landfall on the Caribbean island
of Hispaniola in September 2004
and caused the loss of 3000 lives.
Most of these lives were lost
because of flooding and landslides
caused by the heavy rain. As Jim
Davidson of the Australian Bureau

of Meteorology stated, it is the
water that kills. While the damage
amount on Hispaniola is much
smaller than for the US tropical
cyclone landfalls, the impact on
the infrastructure and economy of
small developing nations such as
Haiti and the Dominican Republic
may require many years to recover.
The winds associated with the small
Category 4 Hurricane Ivan destroyed
or damaged a large fraction of the
buildings on the small island of
Grenada and devastated its agriculture. Ivan killed 39 people on
Grenada.
The greatest natural disaster in the
USA was the landfall of Hurricane
Katrina on 29 August 2005. The
storm caused the levees protecting
New Orleans to fail and 80 per cent
of the city was flooded. In addition,
storm surge of 9-11 m struck the

Fatalities and damage estimates in the western North Pacific and East Asia from selected
typhoons during the 2004 season. In all cases, the damage estimates are from more than
one country.
Number

Date

Deaths

Damage US$1

Mindulle

07W

30 June-5 July

>60

350

Chaba

16W

22 Aug.–2 Sept.

16

2 000

Songda

18W

6-8 September

41

9 000

Tokage

23W

19-21 October

80

2 300

Name

1 US damage estimate in millions of US dollars (Source: Munich Re)

Recent advances in
tropical cyclone research
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Figure 1 — Trends in the Atlantic tropical cyclone 72-h track errors (nautical miles) of
the CLIPER (black line), Global Forecast System (red line), Geophysical Fluid Dynamics
Laboratory (green line) and official TCP/National Hurricane Center (blue line) forecasts.
The sample sizes for each year are indicated along the bottom.

coastal cities in the neighbouring
state of Mississippi and nearly all
structures within 0.5 km of the coast
were destroyed. More than 700 lives
were lost and damage estimates
may exceed US$ 80 billion.
The Secretary-General of WMO
stated in his address to the World
Conference on Disaster Reduction
in (Kobe, Japan, January 2005):
“Natural disaster reduction is at the
core of the mission of WMO and
its 187 Members”. The first item
in his list of disasters was tropical
cyclones—no doubt because of the
events of 2004 and earlier years.
The Secretary-General stated that
the aim of WMO is to cut in half the
number of deaths due to natural
disasters of meteorological, hydrological and climatic origins over the
next 15 years. As meteorologists, we
know we cannot reduce the fatalities working alone. As stated above,
it is the development of effective
warning systems and mitigation
programmes that can be attributed
to the small number of deaths in

Japan and in the state of Florida,
even though they sustained a record
number of tropical cyclone landfalls
during 2004.
The question then is: What can
tropical cyclone researchers do
to improve the meteorological
component of an effective warning system? The International
Workshop on Tropical Cyclone
Landfall Processes (IWTCLP) sponsored by the WMO Commission
on Atmospheric Science/Tropical
Meteorology Research Programme
and hosted by the Macao (China)
Meteorological and Geophysical
Bureau addressed this question.
Some of the recent advances in
tropical cyclone research and
forecasting were reviewed. The
challenges and impacts of tropical
cyclone landfall were discussed
and priorities were set. Finally, five
future programmes of research
and societal impact studies were
proposed that will contribute to
better tropical cyclone landfall forecasts and warnings.

The greatest advance has been in
the understanding and prediction of
tropical cyclone motion. Large
investments have been made in
research that subsequently led to
improved numerical model guidance. The accuracy of the 72‑h track
forecasts is now as good as the
48‑h forecasts of a decade ago. An
example of how investments in the
transition of research to operations
in the Joint Hurricane Testbed (JHT)
with funding from the US Weather
Research Programme Hurricane
Landfall program is shown in
Figure 1. The 72‑h track errors by
the Global Forecast System of the
National Centers for Environmental
Prediction were reduced by 40 per
cent, and it became one of the most
accurate forecast aids. Similarly,
the Geophysical Fluid Dynamics
Laboratory model was substantially revised with JHT funding and
the track forecasts have improved
by more than 20 per cent in two
years. It is also noteworthy that the
National Hurricane Center (NHC)
forecasters were able to immediately add value to the improved
numerical model guidance as they
were partners in the JHT projects.
As a result, the NHC began issuing
5-day forecasts in 2003. In the case
of Hurricane Katrina, the NHC accurately forecast the location of the
landfall more than 48 h in advance.
In addition to the numerical model
improvements such as better horizontal and vertical resolution and
the physical process representations, advanced data assimilation
techniques are making better use of
existing and new remote-sensing
observations. For example, scatter
ometers such as Quikscat have
contributed to improved outer wind
structure estimates (see Elsberry
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and Velden, 2003). For the Pacific,
which has not had regular aircraft
reconnaissance since 1987, the
DOTSTAR jet aircraft is providing dropwindsondes from about
12000 feet in surveillance flights
around typhoons. Japan is exploring commercial sponsorship for
occasional typhoon flights from a jet
aircraft. Unmanned aerial vehicles
(UAV) are a new platform for observations around tropical cyclones.
Advanced graphical displays of the
forecasts for use by the media and
posting on the Internet have been
made available. Other means of
communicating the tropical cyclone
warnings are now available, e.g.
wireless telephones, personal data
assistants, pagers, continuous
weather information on cable television, etc. Because the warnings are
available from multiple sources, the
public is more likely to respond (if
the message is consistent). Better
communication among National
Meteorological and Hydrological
Services (NMHS) has added new
information for use in the preparation of warnings.
A specific purpose of the IWTCLP
was to learn of recent field
experiments such as the Coupled
Boundary Layer Air-Sea Transfer
(CBLAST) sponsored by the US
Office of Naval Research. The objective of CBLAST was to observe
the air-sea fluxes in the high wind
regime of the hurricane and the
effects of those fluxes on both the
atmospheric and oceanic boundary layers. For example, an array
of 38 surface drifting buoys and
16 subsurface ocean profiling floats
were deployed ahead of Hurricane
Frances three days prior to landfall on the US east coast during
September 2004. These buoys
provided unprecedented observations of the evolution of ocean
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thermal structure and surface
current fields during hurricane
passage. The CBLAST program also
achieved unique observations of the
fluxes from very low-level (60 m)
aircraft flights in an attempt to
understand the role of the sea spray
generated by breaking waves at
high wind speeds. Concurrent high
spatial resolution dropsonde observations will be used to define the
air-sea flux estimates in the eyewall
region using budget methods.
An early result from the CBLAST
field observations, numerical
modelling, and wind-wave model
studies is the variation of the drag
coefficient at high wind speeds. The
previous model assumption had
been that the drag coefficient continued to increase with wind speed
beyond the fairly well-established
value at 18 m/s. Although some
variability remains in the CBLAST
results, the evidence is that the drag
coefficient does not continue to
increase above 28-30 m/s. Rather,
the drag coefficient either becomes
constant or actually decreases
with increasing speed, as had been
suggested by Powell et al. (2003).
As these results are confirmed with
ongoing studies of the extensive
CBLAST dataset, the modifications
of the air-sea flux parameterization
schemes in the numerical models
are expected to improve predictions
of the tropical cyclone structure
(including the intensity change).
Another related aspect of the tropical cyclone forecast problem is the
so-called extra-tropical transition,
in which the nearly symmetric
tropical cyclone structure is first

... it is the water that kills.

transformed to a highly asymmetric
structure as it moves poleward over
lower sea-surface temperatures
and higher vertical wind shears,
and then undergoes a re-intensification stage to become an
intense extra-tropical cyclone. The
WMO/CAS/TMRP has sponsored
three International Workshops on
Extratropical Transition. These
workshops have brought together
researchers and forecasters to gain
an understanding of this phenomenon and the common forecasting
problems (Jones et al., 2003). The
Meteorological Service of Canada
has organized a series of aircraft
flights into cyclones undergoing
extra-tropical transition. A dropsonde from one of those flights
(Figure 2) measured wind speeds
exceeding 70 m/s less than 1 km
above the surface. More research
is required to understand how such
strong winds can be sustained so
far north and the potential localized
wind damage when landfall occurs.

Challenges for improved
tropical cyclone forecasts
The ITCLP participants prioritized
the various aspects of the tropical cyclone landfall problem that
need assistance from the research
community to make advances. The
consensus was that further improvements in track forecasts is the
highest priority, which includes a
transfer of the advanced technology
to less-developed nations. Because
of the concentration of people,
commerce and industry along the
coasts, an accurate landfall position
is now needed 48-72 h in advance
to allow evacuation from barrier
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Figure 2 — Dropwindsonde profile in ex-Hurricane Michel approaching eastern
Canada that documented a deep, low-level jet (source: Chris Fogarty).

islands and from cities on congested
roads (especially if too many people
evacuate who do not need to do so).
The modelling working group stated
that better initial conditions, especially the tropical cyclone structure,
is required. For perhaps 96 per cent
of all global track forecasts, no in
situ observations are available in
the tropical cyclone. In these cases,
some form of bogussing or vortex
relocation from the previous forecast
must be used. Both the forecaster
and modelling groups felt that the
use of all observations (especially
remotely sensed—satellite and radar)
in the data assimilation system was
the best path for improved track
guidance. Four-dimensional variational data-assimilation systems
offer the promise of optimum use of
observations between the synoptic
times. Ensemble prediction systems
(EPS) that provide an estimate of the
uncertainty in the track can be used
by the forecaster to convey the confidence in the track forecast. It is not
clear, however, that the present EPS
have a proper method for generating the ensemble members in the
tropics.
The second priority research area
was rainfall distribution and amount

following tropical cyclone landfall.
This rain may continue for days
and may fall on saturated soil from
previous precipitation. Thus, the
related physical impact may be
flooding and, if the heavy rain falls
in a small river catchment, the result
may be flash floods. In developing
countries without flood-mitigation
structures, entire villages along the
stream/river may be swept away.
If tree-clearing practices have left
bare soil along the slopes, landslides may be induced by the heavy
precipitation accompanying a
tropical cyclone landfall. Even in a
developed country such as the USA,
people lose their lives by attempting
to drive across a stream without
realizing the speed of the current
and are swept downstream. This
case is more of a public education
issue than a meteorological issue.
As indicated above, this leads to the
statement “water kills,” although
that can also be related to storm
surge and levee failure. A special
case is when the incoming storm
surge meets river outflows in the
coastal areas. Especially at times
of astronomical high tides, the
combined rise in the water level can
be disastrous. Risk studies can be

Tropical-cyclone-related precipitation is complicated over the
ocean by uncertainties in the moisture inflow to the system and in
the moisture fluxes from below.
Assimilating satellite-based watervapour observations provides some
information, but the vertical resolution (accuracy) near the surface
is not good. During and following
landfall, predicting precipitation
is even more difficult. Air flowing
over the warm coastal ocean and
then passing over land can lead to
rapid modification of the cloud and
precipitation pattern. If significant
topography is also present near
the coast, the additional uplifting
may result in extreme amounts of
precipitation. Only a few kilometres away, however, the rainfall
amounts may be nearly an order
of magnitude less based on highresolution raingauge measurements
over Guam. Thus, one question for
researchers is : “How predictable
are such small-scale structures in
the precipitation?”
The Workshop stated various
requirements to improve quantitative precipitation forecasts (QPF):
• Better initial conditions via more
observations and better data
assimilation techniques;
• Much higher horizontal resolution (2-4 km) than in present
operational models;
• Better representation of the
moist physics, including the
microphysics; and
• Better boundary layer representations, especially for the
high winds in tropical cyclones
during landfall.
Although not stated specifically in
this list, it is obvious that a highly
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accurate track is needed for QPF at a
specific site. The translation speed is
critical for determining the onset and
duration of the precipitation, since
extreme accumulations may occur
with slowly moving tropical cyclones,
even if the cyclone is at storm stage
rather than hurricane or typhoon
stage.
The ensemble or multi-model
consensus approach may provide
an uncertainty in path and speed
that could be useful to estimate
the uncertainty in the precipitation
accumulations to be expected, i.e.
the radar estimate of the rain-rate
distribution relative to the cyclone
centre might be projected forward
along the range of paths and speeds
in the ensemble, as is currently being
tested for the Atlantic region in a Joint
Hurricane Testbed project.
In some countries, different agencies
are responsible for the meteorology
and the hydrology components of the
problem. Consequently, a challenge
may be the effectiveness of interoffice or inter-agency communication.
Mitigation measures against flooding
require good long-term estimates
of precipitation extremes, such as
during tropical cyclone landfall.
The statistics on Guam suggest
that maximum rainfall rates over all
time intervals from minutes to days
appear to be associated directly with
tropical cyclones, i.e. no individual
Cumulonimbus clouds, squall lines
or mesoscale convective systems
independent of tropical cyclones can
match the maximum rain rates in the
tropical cyclones. Thus, the design of
flood-mitigation measures requires a
good estimate of the “return period”
or the exceedance probability.
The structure/intensity change was
ranked third priority by the Workshop
participants, even though some warn-
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Figure 3 — Observations in Hurricane Katrina on 28 August 2005 at 12 000 ft flight
level of the tangential wind (black line) compared with gradient winds (blue circles)
and of the radial wind (blue dashed line at bottom) and at surface from the steppedfrequency microwave radiometer (red line).  The green squares are the dropsonde
measured winds at 10 m, and the blue triangles are estimated winds from the lowest
150 m in the boundary layer (source: Peter Black).

ing centres consider this is a forecast
parameter in which they have the
least confidence. Outer wind structure
(e.g. the radii at which 18 m/s (34 kt)
or 26 m/s (50 kt) winds are found) is
important for emergency managers,
because the onset of such high winds
(and likely heavy precipitation) is
when disaster-preparedness activities
should be completed. Likewise, ships
at sea would remain out of the high
winds (and likely high waves) region to
avoid being unable to manoeuvre and
thus be trapped. If the ships successfully stay out of the danger area, the
actual intensity does not matter.
The intensity is important for assessing likely wind damage and for storm
surge-required evacuations. The
higher the intensity, the farther inland
the surge is likely to penetrate if the
water exceeds the coastal barrier
height, or a break in the barrier allows
the water to penetrate.

The Quikscat scatterometer surface
wind estimates can typically provide
the gale-force wind radius (when the
polar-orbiter satellite pass allows).
Sequences of NOAA P-3 flights with
the stepped frequency microwave
radiometer instrument provided the
spatial distribution of the inner-core
winds in Atlantic storms during 2004.
These wind observations (Figure 3)
allowed the National Hurricane
Center to update/revise its wind radii
estimates several times. Such innercore wind structure observations,
however, will not be available outside
the Atlantic and wind speed versus
radius profiles will have to be fitted.
Because of the lack of observations
(or uneven distribution around the
storm), good information on outer
wind structure changes with time is
not known in detail.
The IWTCLP participants suggest
that many of the requirements for

improving the QPF via models are
the same requirements for getting an
improvement in intensity prediction.
A direct relation that improvements
for intensity necessarily lead to good
precipitation predictions does not
hold for the slowly moving tropical
storm that has embedded mesoscale
convective systems or interactions
with fronts that are determining the
distribution of the precipitation (rather
than a dynamically constrained
convergence). Very high horizontal
resolution is going to be necessary
to resolve the eyewall and the
eyewall mixing events that are being
proposed as a modulator of the
intensity.
The cyclones undergoing extra
tropical transition may move rapidly
poleward such that the addition of the
vortex flow and the background flow
leads to a strong wind maximum to
the right (northern hemisphere) of the
path. Monstrous ocean-surface waves
may develop in these cases via the
“trapped fetch” phenomenon if the
translation speed matches the internal
gravity wave speed so that the wind
stress forcing continually reinforces
wave growth. The maximum in
precipitation is to the left of track
and may lead to significant rainfall
along the east coast of the USA or
Asia even if the path of the centre
is still offshore. If the mid-latitude
trough that led to the poleward
movement of the tropical cyclone has
already caused frontal-type precipitation along the path of the ex-tropical
cyclone, significant precipitation
accumulation may occur.
Because of a three-way interaction
among the tropical cyclone, midlatitude trough and subtropical high, the
extra-tropical cyclogenesis resulting
from this interaction seemingly has
multiple solutions. Some targeted
aircraft dropwindsondes in the Pacific
have been attempted to under-

stand better how these circulations
are modified during extra-tropical
transition. The Australia Bureau of
Meteorology is attempting additional
targeted observations via special
processing of the satellite winds in
areas that are expected to have a
larger response.
The fourth priority aspect of tropical
cyclone landfall, storm surges have
been responsible for many large
tropical-cyclone-related disasters in
developing countries where people
were living in low-lying coastal areas
and had little or no information about
landfalling tropical cyclones. A sense
of complacency appears to exist in
developed countries that have not
experienced a storm-surge-related
disaster for some time. Better coastal
land use and building codes, plus a
better warning system have probably
been the reasons for the absence of
surge-related deaths. The total water
level is not just the storm-induced
lifting of the water. Rather, the astronomical tide, wave setup, and wave
runup add to the total water level.
Different coastal regions have different astronomical tides (e.g. the east
coast of Australia has a larger tidal
range than the east coast of the USA)
and thus may be more or less susceptible to surge impacts, depending on
the actual tidal characteristics and the
local vulnerability.
The greatest uncertainty in stormsurge prediction is due to not
knowing precisely the meteorological
forcing. The uncertainty in the wind
speed is magnified because the wind
stress required to drive the surge
model depends on the square of the
wind speed. If this stress distribution
is known, the fidelity of the surge
models is sufficiently high that a
reasonably accurate maximum surge
height would be known. This statement assumes that the track is known
since a maximum surge height to the

right (northern hemisphere) of the
track will be accompanied by minimum (negative water levels) heights
in the opposite semicircle. This track
uncertainty is an important consideration for dynamic storm-surge models
that can be run in real-time. If the
storm-related stress distribution that
is being used to force the storm-surge
model is misplaced by the width of
the eyewall, then the maximum will
be put along the wrong stretch of
coast or in the wrong bay or inlet.

Proposed future research
projects
Having heard about the advances in
research and the prioritized requirements from the forecaster and
research community, four meteoro
logical research projects and a new
focus on societal impacts were
considered and endorsed by the
Workshop. Although some overlaps
exist, the projects were considered
to be sufficiently independent at
this stage that it was left to later
deliberations to determine where
opportunities exist for collaborations.
Requirements for these projects to
flourish are: a cadre of researchers and/or forecasters who will take
responsibility for advancing the
project; and the project leaders must
secure funding to pursue the project
to completion. Since the tropicalcyclone-landfall problem is common
to many nations around the world,
WMO is an appropriate agency to
foster such projects.

Model intercomparison for
prediction of tropical cyclone
landfall
At the IWTCLP, several research
groups presented optimistic
predictions for tropical cyclone
intensity/structure changes and
realistic precipitation distributions.
One example of the surface-wind
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HRD Wind analysis 2230 UTC 4 Sept.

10-m wind; 48 h forecast valid 00 UTC 5 Sept.
Max wind
100-110 kt
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24

-82
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-80
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-76

∼ 100 kt

Figure 4 — Surface wind speed ((kt), see colour bar at bottom) predicted by the
National Center for Atmospheric Research high-resolution model (left); and verifying
wind analysis by the NOAA Hurricane Research Division (right) (source: Greg Holland)
structure predicted by a 4 km
research model during the landfall of
Hurricane Frances on 4 September
2004 is compared in Figure 4 with the
analysed windfield. Such research
represents a maturity of numerical modelling comparable to the
modelling of tropical cyclone motion
10 years ago that led to the improved
track predictions of today. These
prediction models, however, have
many different components (initializations, core dynamics, physical
processes including boundary layer,
convection and microphysics packages, ocean wave coupling, ocean
thermal coupling, land surface modelling, etc.) and have not been validated
with a large number of cases (or even
a comprehensive validation package).
The proposed project is that TMRP
(perhaps in cooperation with WMO/
CAS/WGNE group on numerical
prediction) sponsor a comprehensive
evaluation or intercomparison of
these new models that appear to be
capable of advancing understanding
and prediction of tropical-cyclonelandfall processes.

of about a decade ago that used
initial conditions from the combined
field experiments in 1990 (TCM90, SPECTRUM and TATEX) and
involved more than 10 models. The
proposed initiative might include
the following models: NCAR WRF;
NCEP WRF; COAMPS; Japan
Meteorological Research Institute;
academic institutions (Miami,
Hawaii, Maryland, Florida State,
etc.); and other international groups
(Met Office, UK; European Centre for
Medium Range Weather Forecasts;
Météo-France; Germany; China;
Australia; Canada; etc.).

This initiative would be similar to the
WMO CAS COMPARE III programme

One of the objectives would be to
determine a minimal set of models
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The strategy would be similar to
COMPARE III in that identical initial
conditions could be provided and a
common validation dataset would
be used. Other intercomparisons,
however, could be formulated for
physics packages (plug and play) that
are interchangeable. The main focus
would be on tropical-cyclone-landfall processes that will be necessary
for improved understanding and
prediction.

and develop measures of uncertainty as to tropical-cyclone-landfall
prediction. A second objective would
be a sensitivity test of the physics in
the various models and their capability to predict specific aspects of
structure changes and precipitation.
The role of data assimilation and the
contributions from various observational sources would be a byproduct.
An essential aspect of this proposed
project would be to establish a set
of metrics for validation of model
predictions of tropical-cyclonelandfall impacts. Finally, such an
intercomparison of models and
observational impacts could provide
an estimate of the costs for different
levels of model complexity or observational systems to achieve a benefit
of improved predictions of wind,
precipitation, and storm surge.

Forecast Demonstration
Project on Tropical
Cyclone Landfall
The objective of such a Forecast
Demonstration Project (FDP) is to
demonstrate the meteorological and
societal benefits to be derived from
improved understanding of the lower
windfield over the ocean and at landfall and the enabling technologies
such as high-resolution numerical
models and improved mesoscale
data-assimilation techniques, especially for remote-sensing data. In
such an FDP, the new understanding
of tropical-cyclone structure/intensity change and precipitation is to be
applied to forecast tropical-cyclonelandfall events, such as onset of
damaging winds, heavy precipitation
and hydrological response, storm
surge, etc. A second societal aspect
would be assessment of appropriate
response (or lack thereof) to tropical-cyclone warnings with the goal
of developing more effective warning communication strategies and
processes.

The first proposed FDP is focused
on the Philippines. A proposal was
presented at the Early Warning
Conference III (Germany, March
2006. The next step is to prepare an
implementation plan for presentation to the funding agency. A primary
focus of the FDP will be on the use
of (a) mesoscale numerical model(s)
for tropical-cyclone landfall. Other
components will include:
• Assessment of the capability
of the forecasters in the region
to adopt the outcomes of the
research and development
program;
• Application of a public education
program; and
• Objective assessment of the
improvements (where achieved)
in observing, forecasting, warnings and community response.
This FDP will build on the research
results from the US Weather
Research Program Hurricane Landfall
programme. New aircraft, satellite
and radar observations, advanced
data assimilation, and cloud-resolving numerical models have been
developed in the USA. These new
technologies and research understandings developed in the USA are
being tested for application in the
National Hurricane Center via the
Joint Hurricane Testbed, which is
a type of Forecast Demonstration
Project that is now proposed to be
extended to other areas.
An extensive training programme for
tropical-cyclone forecasters is a part
of the proposed project. The training would include upgrading or the
introduction of forecaster workstations to manage the information flow
to the forecaster. Working with the
non-government organizations that
play an essential role in the communication and post-storm recovery will
be an integral part of the approach.
How to tailor the warnings to differ-

ent parts of the society will be an
important outcome. Capability-building, particularly with regard to the
hydrological component, may be
available from the United Nations
Economic and Social Commission for
Asia and the Pacific (ESCAP).
Planning has also begun for a
tropical cyclone landfall FDP in
the India-Bangladesh area, which,
as stated in the introduction, has
suffered the greatest loss of life from
tropical cyclones.

East Asia Tropical Cyclone
Advanced Forecast
Guidance Project
The purpose of this programme in
collaboration with the Hemispheric
Observing System Research and
Predictability Experiment (THORPEX)
Asian Regional Committee (ARC)
is to extend the lead time for tropical-cyclone forecasts and to provide
probabilistic forecasts with the
new THORPEX synthetic forecast
system through enhancing the links
and efforts of both projects. Three
key components of the project are
proposed: targeting observations,
data assimilation, and the Tropical
Cyclone THORPEX Interactive Grand
Global Ensemble (TC-TIGGE), which
is a super-ensemble based on
multiple models.
Targeting observations experiments
should be conducted from several
observational platforms. Several field
experiments with targeting observations have been performed for winter
season storms, but no field experiment has been done for tropical
cyclones in the western North Pacific.
The reasons may be that the wet
version of the adjoint system needed
for the data-assimilation system has
not been available, or may not apply
for the intermittent convective clouds
and circulation or the technique

may not work for determination of
the sensitive areas, etc. This project
will benefit from observations from
a special field programme over the
Asian region (discussed below) and
use of advanced forecast systems.
Advanced data-assimilation techniques are proposed to be used for
application to several important
datasets to improve tropical cyclone
forecasts: radar, wind profiler,
satellite observations and the new
targeting observations as well. An
advanced four-dimensional data
assimilation technique (4DVAR) has
become available to use with these
datasets. The targeting observation
assimilation test still has several
challenging issues according to
recent findings, however, and these
will be studied in this project.
An ongoing project of THORPEX
ARC is an exchange of the tropical
cyclone track forecasts among the
ARC members. TC-TIGGE could be
included in the new proposed initiative of TC-Modelling Intercomparison
(as in COMPARE-III). The ARC plan
is to then develop a multi-model
ensemble model and deliver probabilistic forecast to members.

Extra-tropical transition
component in cooperation
with THORPEX
Extra-tropical transition of tropical
cyclones affects many countries
including Australia, Canada, China,
the Democratic People’s Republic
of Korea, Japan, New Zealand,
the Republic of Korea, the Russian
Federation, the USA. Attendant
downstream effects may also impact
parts of Asia, Europe and North
America. The structural changes
of the cyclone during extra-tropical
transition are manifest in the precipitation and wind fields and are often
accompanied by acceleration of the
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cyclone, which allows a warning
centre little margin of error in providing an effective warning system.
Moreover, the energy and moisture
influx introduced into the higher latitudes by these processes can have
significant downstream effects with
severe weather impacts in areas far
removed from the initial event.
Current operational numerical models have difficulty in
adequately predicting extra-tropical
transition because of the fourway interactions that take place
between the tropical cyclone, the
mid-latitude trough circulation, the
subtropical high circulation, and
ocean-atmosphere fluxes. Highresolution numerical models are
essential to resolve the mesoscale
changes in the inner core of the
tropical cyclone vortex and the transition to predominantly baroclinic

extra-tropical transition and lead to
improved forecasting capability.

place at IWET-III in Perth, Australia
during December 2005.

There was also recognition at the
IWTCLP of the need to incorporate more societal impact studies
to ensure the effectiveness of
the total warning system. This
is especially true of extra-tropical transition events that have
irregular impacts and display very
different characteristics from those
of tropical cyclones, and extend far
poleward of general community
expectation about tropical cyclone
activity.

Plans for a field programme during
2008 called Pacific Area Regional
Campaign (PARC) are now being
prepared by the Asia Region Com
mittee and the North American
THORPEX groups. The Asian
nations are taking the lead for the
tropical cyclone genesis and prerecurvature phases of PARC, and
the North American nations will
cooperate on the recurvature and
extra-tropical transition phases with
special focus on the downstream
impacts. As indicated above, the
observational programme will be
supplemented by numerical modelling studies and societal impacts
analysis. Additional support is
now expected from the World
Weather Research Programme
(WWRP) Beijing Olympics Forecast
Demonstration Project in 2008 in
respect of the enhanced observation
network over northern China, which
is an area critical to identifying the
structure of mid-latitude circulations
involved in the extra-tropical transition process. In the case of Canada,
the observational and research
resources may be a component
of the International Polar Year
programme. In the USA, a proposal
has been submitted to the National
Science Foundation for science
studies and facilities.

The IWTCLP proposed that the
international research and forecast
communities take advantage of the
enhanced observations planned for
the International Polar Year 20072008, as well as field programmes
being discussed by THORPEX, to

A sense of complacency appears to exist in
developed countries that have not experienced a
storm-surge-related disaster for some time.
processes driving the energetics of
the storm.
The IWTCLP highlighted the
continued advances of numerical modelling, and with them
the potential for application of
improved models to the extratropical transition problem. The
Workshop was informed of new
model implementations such as
the 35-km resolution Canadian
model, the National Centers for
Environmental Prediction model
(also at 35-km), and the Japanese
global model planned for 2006.
All these high-resolution models
could be employed to explore
research into the processes during
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conduct a research programme
related to extra-tropical transition. The primary objectives of this
project were proposed to:
• Improve the understanding and
prediction of extratropical
transition over the western
North Pacific; and
• Translate new understanding
of this phenomenon into the
warning systems of countries
affected by extra-tropical
transition and its downstream
effects to improve disastermitigation measures and
lessen societal impacts.
Planning of observational and
modelling requirements then took

Societal impacts component
of the tropical cyclone
warning system
The significant social and economic
impacts of tropical cyclones may be
mitigated in part by the hurricane
forecasting and warning system.
The primary goal of hurricane
monitoring and forecasting is to
prevent loss of life and to reduce
vulnerability to winds, storm surges,
inland flooding and other hazards.

Greater incorporation of economic
and social dimensions into the
hurricane-forecasting enterprise
promises large dividends in terms of
relevance and user response.
Presentations and discussions
throughout the IWTCLP indicated
that the workshop leaders and participants recognize the need to better
incorporate and increase interactions
with social science researchers, and to
consider approaches for addressing
societal impacts of tropical cyclones.
Given this recognition, there was
an explicit effort to include input
from the social impacts community
in the workshop and to try to frame
research priority questions to include
social impacts in the tropical cyclone
research agenda.
Given the complexity of the societal
impacts related to tropical cyclones,
and the diversity of potential social
science contributions and approaches
to various aspects of the tropical
cyclone problem, a significant range
of issues exists among the different
countries represented at the workshop. A first step is to recognize the
needs and potential for incorporating
societal impacts research in the tropical cyclone research programme.
To continue to make progress based
on these discussions, the IWTCLP
recommends that WMO should:
• Make a statement that explicitly
reasserts the importance of the
societal component in an effective
warning system; and
• Develop a commitment to explore
the societal impacts of tropical
cyclones and tropical cyclone forecast and warning systems. WMO
should work to integrate this effort
with the tropical cyclone meteo
rological research community to
make a more effective warning
system via the use of the societal
impact research results. This

would maximize the appropriate
response by all the public to the
tropical cyclone landfall threat.
Incorporating the societal impact
component of the tropical cyclone
problem should be viewed as being
essential to fulfilling the goals and
needs of the tropical-cyclone-affected
community. Indeed, the economic
aspects of societal-impact research
could justify more tropical cyclone
research that would be better focused
on the goal of a more effective warning system.
The first objective is to develop an
understanding of how and what social
science research can contribute to a
more effective warning system. The
disparate databases on the societal
impacts of tropical cyclones in various regions need to be collated in a
systematic way and in a digital format
that facilitates research. Societal
impacts literature is available on how
to analyse/interpret such a database.
This requires, however, an understanding of the diversity and nature
of different international approaches
to the societal component of tropical cyclone forecasting and warnings
(i.e. how does the tropical cyclone
mitigation, forecast, communication,
warning and response system function in different countries, and how
does this impact the effectiveness of
meeting societal objectives for dealing
with the tropical cyclone problem?).
Another objective is a focused effort
to integrate societal impacts research
into the overall research effort of
tropical cyclone field studies (e.g. by
holding a workshop specifically to
address the societal impacts issues in
tropical cyclones).

Summary
The continued disasters associated
with tropical-cyclone landfalls provide
strong motivation for additional

research to improve the forecast and
warning system. The International
Workshop on Tropical Cyclone
Landfall Processes sponsored by the
CAS Tropical Meteorology Research
Programme provided an opportunity
for researchers and forecasters from
many countries to lay out a research
agenda.
Three of the four research
programmes proposed at the
workshop are moving forward. A
Forecast Demonstration Project in the
Philippines was presented at the Early
Warning Conference III and an implementation plan is being prepared.
A second Forecast Demonstration
Project for Bangladesh is in preparation. The THORPEX Asian Regional
Committee is proceeding with a
tropical cyclone forecast initiative
and plans for a 2008 field programme
called the Pacific Asian Regional
Campaign in cooperation with the
North American Regional Committee
are proceeding. In addition, the
Workshop participants recommended
the integration of societal impacts
research into all projects to help
ensure the appropriate response to
tropical cyclone warnings and thus
reduce loss of life and damage to the
maximum extent possible.
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World Climate Research
Programme: a history
by W. Lawrence Gates1 and Roger L. Newson2

Introduction

The seeds of WCRP

The development of physically
based numerical models of the
atmospheric and oceanic general
circulation in the latter half of the
1960s, continuing to the present
day, has revolutionized climate
research (as well as the practice
of weather prediction). The initial
approach to studying climate (i.e.
climatology) under international
auspices is characterized by the
report of a working group on climate
change for WMO (Commission for
Climatology, 1966), whose charge
was to “identify the most suitable
statistical methods for studying
climatic change”. This concern
with the statistical interpretation
of observational data continues to
be important, but is now powerfully supplemented with the availability of simulated data from
climate models. This revolution in
climate studies and the emergence
of modern climate science have
brought increased attention to the
question of climate change. The
revolution runs largely in parallel
with the story of the World Climate
Research Programme (WCRP) and its
predecessor, the Global Atmospheric
Research Programme (GARP).

The early (although limited) success
of numerical prediction of the
atmospheric circulation over limited
domains in the 1950s and early
1960s made it clear that observations were needed other areas of
the Earth if such forecasts were to
be useful beyond a day or so. The
emerging observational capability of Earth-orbiting satellites and
the progressive development of
computers in the 1960s made this
realization a practical possibility.
In the course of extensive discussions in the meteorological
community over how best to achieve
the desired extension of the range
of numerical weather prediction, the
concept of a global experiment to
measure and predict the large-scale
atmospheric circulation took shape,
a vision to which Jule Charney
(USA), Joe Smagorinsky (USA) and
Bert Bolin (Sweden) prominently
contributed. It was also decided that
the assistance of both governmental
and non-governmental organizations would be required, the former
to coordinate observational aspects
and the latter to represent the
research community. Accordingly,

1 Director, National Institute for Global Environmental Change, University of California; Chairman,
WCRP Joint Scientific Committee, 1994 to 2000
2 Joint Planning Staff for the World Climate Research Programme, Geneva, 1981 to 2002
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WMO and the International Council
for Science (ICSU) agreed in 1967 to
jointly organize and sponsor GARP.
At a GARP Study Conference
(Skepparholmen, Sweden, 28 June11 July 1967), it was agreed that the
central goal of GARP would be the
study of “those physical processes
in the troposphere and stratosphere
that are essential for an understanding of the transient behaviour of
the atmosphere as manifested in
the large-scale fluctuations which
control changes of the weather…”.
The potential of an improved understanding of the climate system was
clearly foreshadowed, however, in
the second principal goal of GARP,
namely the “study of the factors that
determine the statistical properties of the general circulation of the
atmosphere which would lead to a
better understanding of the physical basis of climate”. These carefully
worded statements summarized
the purposes of GARP throughout
its lifetime and would provide the
starting point for the subsequent
development of WCRP.
WMO and ICSU also agreed in
1967 to appoint a Joint Organizing
Committee (JOC) to develop the
scientific strategy for GARP and
establish a Joint Planning Staff
(JPS) in Geneva to guide the

international coordination of the
programme. The first session of the
JOC took place in Geneva in April
1968 under the chairmanship of Bert
Bolin, and the JPS became operational at about the same time under
the directorship of Rolando Garcia
(Argentina).
The subsequent planning for GARP
during the late 1960s, and at the
GARP Planning Conference in
Brussels in March 1970, resulted
in the identification of a series of
observational experiments designed
to pursue the first objective of GARP,
i.e. the improvement of short-range
weather prediction. The first project
was the GARP Atlantic Tropical
Experiment (GATE) established
following a planning conference in
London in July 1970. Implemented
June-September 1974, GATE
resulted in the collection of new
data on the structure and behaviour
of the tropical atmosphere over
the Atlantic between about 20°N
and 10°S. GATE was a pioneering
regional observational experiment
and provided new insights into
important synoptic-scale features
and processes in the tropical
atmosphere.
A number of other observational
sub-programmes were organized
within GARP to study selected
regional processes. The most important of these were the Monsoon
Experiment (MONEX) and the
Alpine Experiment (ALPEX). Others
were designed to study the processes involved in the atmospheric
radiation balance and air-surface
interactions, including the Air
Mass Transformation Experiment
(AMTEX).
Many of these programmes were
regarded as components of the First
GARP Global Experiment (FGGE)
whose formal observational year

was 1 December 1978-30 November
1979. Also known as the Global
Weather Experiment (GWE),
FGGE utilized a wide array
of observational platforms,
including polar-orbiting
satellites (whose infrared sensors provided
measurements of the
vertical temperature
profile in the atmosphere), geostationary
satellites (from which
wind measurements at
cloud height were provided)
and balloon and buoy systems.
FGGE was the most comprehensive
internationally coordinated observational programme up to that
time and conclusively demonstrated
the need for an enhanced global
observing system in support of
improved weather prediction—the
primary objective of GARP.
Even before the completion of
the FGGE programme, however,
increasing attention was being
paid to understanding climate, in
parallel with the continued development of climate models and a
growing concern over the possible
climatic effects of the increasing
carbon dioxide concentrations in the
atmosphere.
A critical step toward the establishment of an international climate
research programme was taken
in 1974 when the WMO and ICSU
agreed to co-sponsor a study
conference on the physical basis of
climate and climate modelling. This
conference, held in Wijk, Sweden,
in July/August 1974, was chaired by
Bert Bolin.
The conference report, issued in
1975, articulated, for the first time
,the need to incorporate the oceans,
ice, land surface and biomass into
global climate models and the

need for model experiments on the
sensitivity of the climate to variations of atmospheric carbon dioxide
concentrations in particular. The
seminal conclusion of the conference was that “an international
research programme on climate
and climate change be organized
by WMO and ICSU”. Acting on this
recommendation, the GARP JOC
urged the formation of a GARP
Climate Dynamics Subprogramme.
A similar recommendation was
made prior to the Stockholm conference by the US GARP Committee’s
Panel on Climatic Variation, whose
draft report served as a conference
source document. This Panel recommended “the organization of a new
and long-term international program
devoted specifically to the study of
climate and climatic variation… as
the logical successor to GARP in
matters relating to climate”.

The birth of WCRP
WMO, in cooperation with ICSU and
the United Nations Environment
Programme (UNEP), convened the
First World Climate Conference in
Geneva in February 1979, which
was attended by leading climate
scientists. Under the chairmanship
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of Bob White (USA), the Conference
served to highlight the breadth of
the climate problem and the need
for increased research, systematic
climate data studies, applications
of climate knowledge and assessment of the impacts of climate
change. Responding to these farreaching conclusions, Eighth World
Meteorological Congress (1979)
formally established the World
Climate Programme, which included
a climate research component (to be
managed jointly by WMO and ICSU),
as well as climate data and applications activities and assessment
of the potential impacts of climate
change (to be managed by UNEP).
Thus was born the World Climate
Research Programme. Its major
focus from the outset was the study
of climate predictability and man’s
influence on the climate. WMO and
ICSU established a Joint Scientific
Committee (JSC) to guide WCRP
with the support of a Joint Planning
Staff (JPS) in Geneva (whose first
Director was Bo Döös (Sweden)).
The first session of the WCRP
JSC took place in Amsterdam, the
Netherlands, from 26 March to
3 April 1980 under the chairmanship
of Joe Smagorinsky, and preliminary
plans for the WCRP were developed.
The JSC was reminded by the
Secretary-General of WMO, Aksel
Wiin-Nielsen, of the importance of
maintaining a current and focused
assessment of climate research
worldwide. This duly led to the
establishment of an International
Board for the Assessment of
Research into CO2 Effects on the
Climate. The JSC also welcomed
the cooperation of the Committee
on Climate Change and the Ocean
(CCCO) of the Intergovernmental
Oceanographic Commission (IOC)
of UNESCO, and the ICSU Scientific
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Committee on Oceanic Research
(SCOR).
This early involvement of the oceanographic community was a result
of the JSC’s recognition that the
oceans played a critical role in the
climate system, together with radiative, hydrological and land-surface
processes. (IOC subsequently joined
WMO and ICSU as a sponsor of
WCRP upon the dissolution of CCCO
in 1993.)

The scientific strategy
From 1980 to 1984, discussions on,
and planning for, WCRP focused on
observational projects or experiments that appeared practical in
the light of the resources and technology likely to be available and
which, at the same time, addressed
critical shortcomings in our ability
to observe and/or model the climate
system.
Chief among these were the roles of
radiation and cloudiness, the ocean,
and the hydrological cycle. The result
of these discussions, under the guidance of the first chairmen of the JSC
(Sir John Houghton and Sir John
Mason, both of the United Kingdom)
and of the first Director of the WCRP
JPS (Pierre Morel (France)) was the
preparation of a comprehensive
scientific plan for the WCRP that was
published in 1984. In this plan, the
major objectives of the WCRP were
identified as “the determination of
the extent to which the climate can
be predicted and determination of
the extent of man’s influence on
the climate”. In particular, the plan
laid out an ambitious programme
of research activities necessary to
achieve these objectives.
Specifically, the goals set were to:
•
Improve our knowledge of
global and regional climates,

•

•

•

their temporal variations,
and our understanding of the
responsible mechanisms;
Assess the evidence for
significant trends in global and
regional climates;
Develop and improve physicomathematical models capable
of simulating and assessing
the predictability of the climate
system over a range of spaceand time-scales;
Investigate the sensitivity of
climate to possible natural
and man-made stimuli and to
estimate the changes in climate
likely to result from specific
disturbing influences.

These goals are sufficiently broad
that they have not required significant amendment since. They
embrace the current emphasis on
global warming, climate change
detection and interannual-todecadal climate variability. However,
despite the early recognition of
the need for the study of regional
climate, it is only now becoming
possible to give this matter the
attention it deserves.
Even before the WCRP plan was
published, initiatives were underway to study the interactions of
the tropical ocean and atmosphere
and, in particular, to determine the
influence of persistent sea-surface
temperature anomalies in the tropical
Pacific on the large-scale atmospheric circulation. The result was the
establishment in 1984 of the Tropical
Ocean and Global Atmosphere
(TOGA) project, developed by WCRP
in cooperation with CCCO. The TOGA
ocean observing system established
in the equatorial Pacific as of the mid1980s illuminated the structure and
behaviour of the El Niño-Southern
Oscillation (ENSO) phenomenon, and
was the prototype of the operational
system now in place.

TOGA provided the physical basis
for understanding and predicting world-wide anomalies in the
global atmospheric circulation and
the temperature and precipitation
patterns linked to El Niño, which
have led to a major breakthrough
in operational seasonal forecasting
(US Academy of Sciences, 1996).

hydroclimatological processes
on the global climate system and
its anomalies. Extensive studies
to improve the representation in
models of clouds, the land surface
and the atmospheric boundary
layer, based on an enhanced understanding of the physical processes
involved, have also been organized.

fundamental in the development
of basin-scale ocean models and
the parameterization of significant
oceanic mixing processes. Some
30 nations participated in WOCE and
the research-quality datasets that
are now available are an outstanding example of international
scientific cooperation.

Other important initiatives undertaken from the earliest stages of
WCRP included the International
Satellite Cloud Climatology Project
(1982), the compilation of a Surface
Radiation Budget dataset (1985) and
the Global Precipitation Climatology
Project (1985). In close cooperation
with space agencies and with their
strong support, exciting new techniques to blend remotely sensed
and in situ data in an optimal fashion
were developed. These provided, for
the first time, unique global fields of
crucial parameters for understanding the role of clouds in the climate
system, cloud/radiation interaction
and the hydrological cycle.

The need for a global ocean experiment to document the large-scale
oceanic structure and circulation
and its relation to the atmospheric
climate had long been discussed in
the oceanographic community. The
collaboration of the IOC/SCOR CCCO
with the WCRP provided the opportunity to plan such an effort. After
several years of intensive study and
careful planning, the World Ocean
Circulation Experiment (WOCE) was
implemented in 1990. WOCE was the
largest and most successful global
ocean research programme to date,
collecting data of unprecedented
quality and coverage over the period
1990–1997.

The importance of stratospheric processes in climate was outlined by the
stratospheric research community in
the late 1980s. This led to the WCRP
project Stratospheric Processes and
their Role in Climate (SPARC) in 1992.
The scientific attention of WCRP
was further broadened by the establishment of a project for the Arctic
Climate System (ACSYS) in 1993.
SPARC and ACSYS complemented
GEWEX and WOCE in focusing on
subdomains of the Earth’s climate
system, in which uniquely important
processes take place.

These activities formed the starting point for the Global Energy and
Water Cycle Experiment (GEWEX)
established in 1988. It is focused on
global energy and water budgets
whose behaviour is arguably the
most important aspect of climate.
As part of GEWEX, a number
of significant observational and
modelling studies, exploiting both
remotely sensed and in situ data to
the maximum, have been carried out
or are underway.

Measurements of the ocean’s
temperature, salinity and current
along a global array of oceanographic sections, a global network
of subsurface floats, buoys, currentmeters and altimetry satellites was
also utilized. WOCE data have been

These include a series of experiments to examine and quantify
hydrological and land-surface
processes and land-atmosphere
interactions over a number of
continental basins, followed by the
GEWEX-led Coordinated Enhanced
Observing Period to explore the
influence of continental-scale

Specifically, SPARC research
addresses stratospheric-tropospheric
coupling and the prediction of stratospheric changes. In conjunction
with the International GeosphereBiosphere Programme (IGBP)
International Global Atmospheric
Chemistry project, it is now beginning a comprehensive assessment
of stratospheric chemistry and its

Ocean sections occupied during WOCE
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role in climate. ACSYS examined
selected atmospheric and oceanic
processes in the Arctic that have
an important role in global climate.
It was succeeded in 2000 by the
Climate and Cryosphere (CliC)
project, which addresses the physical processes and feedbacks by
which the global cryosphere (not
just the Arctic) interacts with the
climate system.
WCRP concern with the question of
climate variability was brought into
focus with the establishment of the
Climate Variability and Predictability
(CLIVAR) project in 1995, following
several years of planning. The
principal foci are the variability of
the coupled atmosphere-ocean
system on seasonal, interannual,
decadal and even centennial
time-scales (including ENSO,
the monsoons and basin-scale
oscillations in higher latitudes),
improvement of records of climate
variability through the development
of instrumental and palaeoclimatic
datasets and the detection and
attribution of anthropogenic climate
change.
WCRP numerical modelling activities have always been the main
unifying factor in the programme.
The improved model representation
of the climate system as a result of
WCRP work has underpinned the
increasingly accurate simulation and
prediction of natural climate variations, and the growing confidence
in projections of human-induced
climate change. In particular, the
WCRP modelling programme has
provided essential input to the
periodic assessments of the WMO/
UNEP Intergovernmental Panel on
Climate Change (IPCC).
Modelling activities in the WCRP
are coordinated by two working groups: the Working Group
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on Numerical Experimentation
(WGNE), and the Working Group on
Coupled Modelling (WGCM). WGNE
was established at the beginning
of GARP and became a leading
exponent of coordinated numerical experimentation as a means of
comparing different model formulations and parameterizations.
Because of the direct relevance of
the work of WGNE to climate as well
as to weather prediction, WGNE
was absorbed into WCRP in 1980
and has been co-sponsored by the
WMO Commission for Atmospheric
Sciences since 1985. The international Atmospheric Model
Intercomparison Project is perhaps
the best-known WGNE activity in
recent years in support of climate
modelling.
As its name implies, WGCM
(established in 1997), oversees the
international coordination of the
development and evaluation of
coupled models (e.g. Coupled Model
Intercomparison Project).
A major new strategic initiative of
WCRP is the Coordinated Observation
and Prediction of the Earth System
(COPES), whose aim is to advance
the analysis and prediction of the
variability and change of the comprehensive Earth system for use in an
increasing range of practical applications of direct relevance, benefit and
value to society. COPES will provide
an expanded context for the coordination of the wide range of climate
science conducted by WCRP and its
projects in cooperation with other
programmes of WMO, ICSU and IOC,
the intergovernmental Group on Earth
Observations (which will implement the Global Earth Observation
System of Systems (GEOSS) 10-year
Implementation Plan), and with the
programmes of satellite agencies
and numerical weather and climate
prediction centres.

Collaboration
Throughout its history, WCRP has
had extensive interactions with
many groups concerned with
climate and climate research, and
has collaborated widely with other
international scientific organizations.
The formation of IGBP afforded
WCRP an opportunity to collaborate
in aspects of climate research that
involved biogeochemistry as well as
physics. This collaboration has been
notably active between GEWEX and
the IGBP project on the Biospheric
Aspects of the Hydrologic Cycle,
between SPARC and the IGBP
International Global Atmospheric
Chemistry project and between
CLIVAR and the IGBP project Past
Global Changes (PAGES). Recent
attempts to couple the carbon cycle
and surface vegetation as interactive components of Earth system
models are providing new impetus
for WCRP-IGBP collaboration.
WCRP is also a sponsor of the
international global change
SysTem for Analysis, Research and
Training (START) for the promotion of environmental research
capacity building in developing
countries in cooperation with IGBP
and ICSU’s International Human
Dimensions Programme on Global
Environmental Change (IHDP).
WCRP has recently cooperated in
several initiatives that depend on
knowledge of variations in climate
and projections of possible future
climate change. One of these is the
Earth System Science Partnership
established in 2001 between
WCRP, IGBP and IHDP (ICSU) and
the International Social Science
Council, and ICSU’s international
programme of biodiversity science
(DIVERSITAS). This partnership is
promoting a coordinated focus on
important global issues of common

has successfully served as the main
mechanism for the international
coordination of the observational
and modelling research that is
needed to increase understanding of
the predictability of both natural and
anthropogenic climate change, in
accordance with its original objectives. In addition to the specific
scientific accomplishments of its
individual projects, WCRP as a whole
has guided the assembly of researchquality observational datasets for
important atmospheric, oceanic
and hydrological variables, and has
encouraged the development, application, diagnosis and improvement
of global climate models.

A schematic depiction of the time-dependent expansion of the scientific activities of
WCRP (after Gates, 1998)
concern, namely the carbon budget,
food systems, water systems and
human health.
In recognition of the importance of
observations in climate research,
WCRP strongly supported the establishment by WMO of the Global
Climate Observing System (GCOS)
in 1992 in cooperation with ICSU,
UNEP and the IOC. Another initiative in which WCRP is participating
is the Observing System Research
and Predictability EXperiment
(THORPEX). THORPEX studies the
predictability of severe weather
and its climatic consequences, with
international coordination to be
provided by WMO’s World Weather
Research Programme and the WCRP.
With its long-standing concern
over the possible climatic effects of
increasing greenhouse gases and
aerosols in the atmosphere, WCRP
strongly supported the establishment by WMO and UNEP in 1988 of

the IPCC for the purpose of assessing progress in this important area.
The international research coordinated by WCRP has made significant
contributions to IPCC’s scientific
assessments published in 1990,
1995 and 2001 (the fourth assessment is underway). The current
appreciation of the importance
of the role of aerosols in climate
was anticipated by the JSC at its
session in Hangzhou, China, in 1984,
although regrettably WCRP work in
this area did not begin until several
years later. WCRP has nevertheless provided a major part of the
scientific basis for the estimating
the climatic consequences of the
aerosol and CO2 emission scenarios
contained in the United Nations
Framework Convention on Climate
Change.

Conclusion
With the enlightened support of its
sponsors in its first 25 years, WCRP

WCRP has also promoted cooperation among the disciplines involved
in climate research, added value to
the climate research supported by
individual national and institutional
programmes, and increased the
visibility, understanding and appreciation of important climate issues in
the international scientific, governmental and public communities.
It is foreseen that WCRP will
successfully coordinate the international aspects of emerging future
challenges in climate research,
which include the further development of Earth system models, the
determination of the predictability
of regional climate changes and
their impacts, and the establishment
of comprehensive global climate
observing and prediction systems.
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Fifty years ago ...
More details can be found in the
August issue of MeteoWorld (http://
www.wmo.int/meteoworld/en/).

Executive Committee
The eighth session of the Committee
was held at the Palais des Nations,
Geneva, from 17 to 30 April under
the presidency of A. Viaut.
The main topics on the agenda
were atomic energy, water-resource
development, networks and aeronautical meteorology.

The cover of the July 1956 Bulletin
showed various aspects of the work
involved in the radiosonde comparison
which had been carried out from 23 May
to 15 June 1956 at Payerne, Switzerland.

Contents
Fifty years ago, the main items
in the July Bulletin were the
eighth session of the Executive
Committee, the second session of
Regional Association VI (Europe),
the International Geophysical Year
1957-58, automatic rainfall stations
in Japan, humid tropics research,
awards to voluntary observing
ships, comparisons of sferics
systems, and exploring Greenland.

International Geophysical
Year 1957-1958
The meteorological problems to
be investigated with the aid of the
observations made during the IGY
related to the large-scale physical
dynamic and thermodynamic processes of the general circulation.
One of the functions of WMO was
to promote the establishment and
maintenance of systems for the
exchange of weather information.
An IGY Meteorological Data Centre
would be established within the
WMO Secretariat ... which would
have to handle material amounting
to many millions of observations.
A trial period should be organized
from 6 to 10 January 1957.

The Antarctic would be treated as a
separate WMO Region for the IGY.
Degrees Celsius and metric units
should be used for all meteorological reports from the Antarctic;
this would be yet another step
forward towards the achievement of
uniformity in meteorological units,
which had so long been one of the
most desirable but most elusive
goals of international meteorology.

Regional Association
VI (Europe)—second
session
The second session of RA VI was
held in March 1956 in Dubrovnik,
Yugoslavia.

Observations
By deciding that all countries in the
European Region should release the
balloon carrying the instruments
exactly one hour before the hours of
observation, the session took a new
step towards the standardization of
upper-air observations.

Elections
A. Nyberg, Director of the Swedish
Meteorological and Hydrological
Institute, was elected president and
M. Perovic, Director of the
Hydro-Meteorological Service
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of Yugoslavia, was elected
vice-president.

Comparisons of
sferics systems
A comparison between thunderstorms observed visually or aurally
and those detected by different
types of sferics equipment in
use in France, Great Britain and
Switzerland was carried out from
11 January to 11 February 1955.

Japanese automatic
rainfall stations
In 1952, the Central Meteorological
Observatory of Japan had installed
automatic weather stations for
rainfall, consisting of 109 transmitting and 70 receiving stations. The
purpose was to obtain prompt and
immediate information on rainfall in
mountain regions where no observations could be effected otherwise.
Heavy rainfall, especially when
accompanied by typhoons, often
caused destruction and disaster in
Japan. The need for urgent flood
warning was drastic [sic].
Because of their increasing reliability and ease of maintenance, the
value of the instruments in the rainfall observation network of Japan
was becoming fully recognized.

Humid tropics research
Increased knowledge of these climatic
regions resulting from a carefully
planned programme of research
could appreciably assist the solution
of problems affecting human settlement and economic development in
the humid tropical zone.
Fundamental research in all scientific aspects was of the utmost
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importance. A meeting of experts
recommended the creation of a
permanent committee to advise
on all problems within the scope
of the natural sciences in humid
tropical zones. Considerable attention was paid by the meeting to the
meteorological aspects of most of
the problems dealt with and to the
meteorology and climatology of the
humid tropics.

exploration which began a thousand
years ago must have been uppermost in the minds of the scientists
of eight countries who met at
Grindelwald and the Jungfraujoch
Research Station, Switzerland, from
3 to 8 April 1956 to plan the scientific
programme and organization of a
new expedition, the International
Glaciological Expedition to
Greenland (IGEG).

It was felt that there was often a
failure to make full use of existing
meteorological data and the special
requirements for research were not
always brought to the notice of the
meteorologists who might be able
to help them.

Although it did not form part of the
official programme arranged for
the International Geophysical Year
(IGY), the work of the expedition
would be coordinated with the IGY
programme. Investigations would
be made in the sciences of meteorology, glaciology, geophysics and
geodesy. Study groups would work
both on the coasts and the ice-cap
and the expedition was expected
to be in the field from 1957 until
1960. Two or three meteorological
stations would be established to
study especially the lower layers of
the atmosphere up to about 300 m
above the surface of the névé and
the problem of snowdrift.

Excellence awards
to Australian ships
A system of excellence awards to
Australian weather reporting ships
was instituted by the Bureau of
Meteorology as a means of giving
concrete recognition of the cooperation of ships’ captains and officers in
the provision of daily weather reports
on a voluntary non-allowance basis.
An Excellence Award was limited to
cases in which a high standard had
been maintained in the performance
of meteorological observations, the
maintenance of a weather log and
the transmission of regular reports
over a minimum period of five years.
Reports were being received from
27 ships comprising the Australian
reporting fleet, of which 16 were of
Australian and 11 of overseas register.

Exploring Greenland
Greenland remained one of the largest and least explored landmasses
to challenge the resources of man.
The long history of Greenland

Recently published
Reviews
Atmospheric
Turbulence
and Mesoscale
Meteorology

E. Fedorovich, R. Rotunno and
B. Stevens (Eds.). Cambridge
University Press (2004). x + 280 pp.
ISBN 0-521-83588-7 (h/b).
Price: £70/US$ 120.

This book brings together leading
researchers to discuss the developments in the fields of atmospheric
turbulence and mesoscale with
emphasis on the areas pioneered by
Douglas K. Lilly.
The authors start with the frustration of the turbulence community
in the early 1960s. Kolmogorov
accepted that his turbulence theory
had some defect that needed a
change in the exponent in the turbulent spectrum and Lilly cited the
difficulties encountered due to there
being no real unifying theory relating results from one experimental
geometry to another.
Lilly proposed the large-eddy
simulation (LES) approach and later
determined the sub-grid model

constants that helped overcome the
difficulties encountered in the experimental turbulence research work
over sites of differing geometries.
Today, LES is a dominant tool in
turbulence research. Most experiments in small-scale meteorology
are numerical ones through direct
numerical simulation of all scales of
motion in turbulent flow.
Lilly suggested that the interactions of turbulence, radiation and
phase changes were tightly coupled
on small space- and time-scales.
The authors opine that, in its
sophisticated coupling of radiative,
turbulent, and microphysical processes, Lilly’s work was at least 35
years ahead of its time.
LES provides scientists with an
invaluable tool in their efforts to
unravel the mysteries of flows
beyond the reach of laboratories.
Comparisons between simulations and observed cloud evolution
suggest that simulations perform
reasonably well and suggest the use
of LES for multi-scale flows.
In the chapter on model numerics
for convective-storm simulation, the
author notes that the advances made
in this area have been feasible owing
to the enormous growth in computing power, advancements in model
numerics, physical parametrization

and data analysis in order to capture
the complexity of atmospheric
convection.
The Weather Research and
Forecasting model, which has the
skill to produce realistic forecasts of
precipitation and kinetic energy spectra across a broad range of scales,
resulted from the challenge posed by
Lilly to the convective-storm research
community.
In a discussion of the difficulties in
operational numerical weather prediction (NWP) for the mesoscale, the
author recommends that, given that
most weather systems on the convective scale are driven by highly local
effects, it is probably most economical to conduct the convective-scale
NWP and its data assimilation in a
distributed and “on demand” manner,
i.e. local forecast offices guide the
execution of their own customized
version of the unified model.
In a review of the history of research
on the energy cycle and structure
of tropical cyclones, the author
concludes that tropical cyclones are
highly susceptible to small ocean
cooling under their eye walls and the
associated radial profile of pressure and wind in this region and
has derived a valid wind profile that
depends explicitly on environmental
parameters.
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Four subjects related to the influence
of mountains on regional climates
are introduced: flow splitting and
wave breaking; mountain lapse rates;
orographic precipitation and wave
drag. These subjects have been studied using reductionist methods of
physics but now must also be tackled
using numerical modelling methods.
In a review of the spectrum of
mesoscale atmospheric variability
and its dynamic causes, the main
emphasis is placed on the developments surrounding the work of
Lilly on the concept of stratified
turbulence. Studies on stratified
turbulence based on laboratory
work and on numerical simulations
are also discussed. The conclusion
is that stratified turbulence plays a
more significant role in the atmosphere than in the ocean. The authors
suggest that research work on
atmospheric mesoscale variability
and stratified turbulence needs to be
intensified to resolve the observed
discrepancy in the modelling results
of atmospheric circulation.
This book is a must for research
workers in the field of turbulence
and mesoscale meteorology. The
use of large-eddy simulation, especially in understanding the processes
that cause marine subtropical
Stratocumulus clouds to break up
into shallow Cumuli, will assist in
climate research over large regions
and thus improve the way general
circulation models simulate these
clouds. Also, mesoscale variability
is taking on renewed importance
because of the need to specify error
fields for assimilation of meteoro
logical data into numerical models.
Indeed, researchers and graduate students, working in the lower
atmospheric motion scales (meso
scales and lower), will find this book
an excellent resource for developing
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Primer on
climate change
and sustainable
development—
facts, policy
analysis and
applications
Mohan Munasinghe and Rob Swart.
Cambridge University Press (2005).
xii + 445 pp.
ISBN 0-521-00888-3.
Price: £30.

tools and using them to analyse
and predict atmospheric phenomena on the mesoscale and lower
space-scales.
Raphael E. Okoola
rokoola@mail.uonbi.ac.ke
An absorbing text attempts to bring
“climate change” from the domain
of scientific enquiry and research to
a domain which is of concern and
interest to people, governments and
policy makers. One of the greatest
paradoxes of the present times is that
there are too many poor in a world
of unprecedented prosperity. The
authors aim to address this issues
from the perspective of climate
change.
The authors explain long-term
climate-change projections and
related emission scenarios. Future
emission projections are dependent
on complex factors such as population growth and technological, social
and economic development. This
lays the foundation of links between
climate change and development.
The idea of “making development
more sustainable” is introduced.
Life style, consumption patterns,
depletion and degradation of natural resources are all key elements in
the concept. The impacts of climate
change and vulnerability are also to

be considered in making economic
decisions linked with climate change.
The relation between emissions
related to human activities is a
function of population technology
and governance. Thus, emissionmitigation efforts are important in
deciding the road map for sustainable development. Mitigation and
adaptation are equally important
but need different scales of effort.
Controlling emissions is a global
effort, while adaptation is more at a
local/regional level.
Water stress due to climate change
will increase with rising population. Adaptation is basic to any
future development plans in this
sector. Human health, energy and
agriculture are the other sectors for
which possible adaptation steps are
discussed. They include changing
crop patterns, increasing drought
toleration, seasonal forecasting,
inter-basin transfer, desalinization,
etc. While these measures are costly,
lack of action is likely to magnify
these costs in the future.
The authors argue that though
specific impacts and adaptation strategies would vary, adaptive capacity
must be strengthened substantially,
especially in the poorest and most
vulnerable regions and countries.
They highlight the special problems
of small island States which have low
adaptive capacity, limited resources
and poor infrastructure.
The cost of mitigating climate change
is balanced against benefits of avoiding climate damage and incremental
changes to the cost of adaptation.
A multi-criteria approach of cost
benefit analysis is advocated instead
of only monetary value. The stabilization of emissions and long-term
mitigation is a complex matter and
needs to be addressed from various

angles. Pathways towards different
levels of stabilization and associated
costs are discussed.
The authors also present how
the United Nations Framework
Convention on Climate Change and
the Kyoto protocol, which underpins
the mitigation measures, are linked
with sustainable development. The
authors believe that stabilization
of greenhouse-gas concentrations
would eventually need the participation of all regions in an emission
control scheme. Clean development
mechanisms, deforestation and
carbon sequestration are important,
while joint implementation and technology transfer would also contribute
to controlling future emissions. The
cost of mitigation options in different
sectors is considered.
It is necessary to understand how
global warming and our development pathways are interlinked.
This book is a major contribution
to climate-change-related issues in
recent times and as such is a must
for students, teachers, policy-makers
and governmental authorities at
local, regional and global levels.
U.S. De
udayshankar_de@hotmail.com

New book received
The problems of making inferences
about the natural world from noisy

Discrete Inverse
and State
Estimation
Problems: With
Geophysical Fluid
Applications
Carl I. Wunch. Cambridge University
Press (2006). xi + 371 pp.
ISBN 0-521-85424-5 (h/b).
Price: £70/US$ 125.

observations and imperfect theories
occur in almost all scientific disciplines. This book addresses these
problems using examples taken
from geophysical fluid dynamics. It
focuses on discrete formulations,
both static and time-varying, known
variously as inverse, state estimation or data-assimilation problems.
Starting with fundamental algebraic
and statistical ideas, the book guides
the reader through a range of inference tools, including the singular
value decomposition, Gauss-Markov
and minimum variance estimates,
Kalman filters and related smoothers and adjoint (Lagrange multiplier)
methods. The final chapters discuss
a variety of practical applications to
geophysical flow problems.

Legal and
Institutional
Aspects of
Integrated Flood
Management
(WMO-No. 997)
2006; x + 91 pp.
[ E ] (F and S in
preparation)
ISBN: 92-63-10997-4
Price: CHF 20

Commission
for Agricultural
Meteorology
(CAgM)—The first
fifty years (WMONo. 999)
2006; 44 pp.
[ E ] (F and S in preparation)
ISBN: 92-63-10999-0

Recent WMO publications

Price: CHF 15

Regional Association VI (Europe),
14th session—Abridged
final report with resolutions
(WMO‑No. 991)
2006; 44 pp.

Annual Report
of the World
Meteorological
Organization (2005)
(WMO‑No. 1000)

[A]-[E]-[F]-[R]

2006; iv + 84 pp.

ISBN: 92-63-10991-5

[ E ] (F, R and S in

Price: CHF 37

preparation)
ISBN: 92-63-11000-X

Joint WMO/IOC Technical
Commission for Oceanography
and Marine Meteorology,
second session—Abridged final
report with resolutions and
recommendations (WMO-No. 995)

Price: CHF 26

2006; v + 130 pp.

Commission for Atmospheric
Sciences, 14th session—Abridged
final report with resolutions and
recommendations
(WMO-No. 1002)

[A]-[E]-[F]-[R]-[S]

2006; iv + 49 pp.

(C in preparation)

[ E ] (A, C, F, R, S in preparation)

ISBN: 92-63-10995-8

ISBN: 92-63-11002-6

Price: CHF 26

Price: CHF 20

Commission for Climatology,
14th session—Abridged final
report with resolutions and
recommendations (WMO-No. 996)
2006; v + 60 pp.
[ E ] (A, C, F, R, S in preparation)
ISBN: 92-63-10996-6
Price: CHF 20
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Obituary
forecaster and then as an aviation
forecaster.

Charles H. Sprinkle
Charles H. Sprinkle, former president
of the Commission for Aeronautical
Meteorology (CAeM), died in
Maryland, USA, on 4 November
2005, at the age of 68.
Known universally as “Charlie”, he
was born and raised in Westminster,
Maryland. He was educated at
Pennsylvania State University,
receiving a B.S. degree in meteorology in 1959. He began his career
in meteorology before graduation,
entering the US Weather Bureau in
the summer of 1958 as a student
trainee.
After graduation, he was assigned
to the Bureau’s Forecast Office at
Cleveland International Airport as a
weather observer and pilot briefer.
In the nine years which followed,
he served as a public service
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In 1968, Charlie transferred to the
National Meteorological Center
in Suitland, Maryland, where he
rapidly progressed to Deputy Chief
of the Aviation and Monitoring
Branch. In 1975, he was reassigned
to National Weather Service (NWS)
Headquarters, and for 18 years
from 1976 was Chief of the Aviation
Services Branch in the Office of
Meteorology.
Charlie became involved in inter
national meteorology in the
mid-1970s with both the International
Civil Aviation Organization (ICAO)
and WMO. In the late 1970s, he took
part in the ICAO Area Forecast Panel,
which designed the blueprint for
the World Area Forecasting System
(WAFS). This is now the backbone
for global en-route aviation forecast
services.
In 1986, he was elected vice-president of CAeM, president in 1990 and
he was re-elected in 1994. During
work on the implementation of
WAFS, Charlie took the lead in ensuring worldwide standardization of
codes for airport observations and
forecasts. He secured support for the
installation of equipment to receive
WAFS satellite broadcasts, as well as
for many training events.

Charlie was involved in the Aircraft
to Satellite Data Relay programme,
and played a key role in the establishment of the WMO AMDAR Panel,
for development and global coordination of programmes for aircraft
observations. He chaired the Panel
from its formation in 1998 until his
retirement.
Charlie moved to the NWS Office
of International Affairs in 1994 and
remained there until his retirement,
after 42 years of service, in 2000. He
was presented with a Certificate for
Outstanding Achievement by the
Secretary-General of WMO at the
12th session of CAeM in 2002.
Charlie is survived by Ann, his wife of
45 years, three children, eight grandchildren, his father and a brother.
He is missed by them and by many
friends around the world.
Neil Gordon, with input from
Ron McPherson

News from
the WMO Secretariat
Visits of the
Secretary-General
The Secretary-General, Mr Michel
Jarraud, recently made official visits
to a number of Member countries
as briefly reported below. He wishes
to place on record his gratitude to
those Members for the kindness and
hospitality extended to him.

Hungary
The Secretary-General visited
Hungary on 6 and 7 March 2006.
In Budapest, he met with Dr M.
Persányi, Minister of Environment

and Water, for discussions on
environmental issues and the role
of National Meteorological and
Hydrological Services (NMHSs).
The Secretary-General visited
the Hungarian Meteorological
Service and met with its President
and Permanent Representative of
Hungary with WMO, Dr Z. Dunkel.
Mr Jarraud also met with
Dr A. Meskó, General Secretary of
the Hungarian Academy of Sciences
and addressed members of the
Hungarian Meteorological Society.
He visited the Faculty of Science
of the Eötvös Loránd University
and gave a lecture to students of
meteorology.
The Secretary-General visited
the Meteorological Service of the
Hungarian Defence Forces and the
Environmental Protection and Water
Management Research Institute,
where he met with the Deputy
Managing Director, Dr P. Bakonyi.

un Headquarters, New York

Budapest, Hungary, March 2006 — The
Secretary-General of WMO with
Dr Z. Dunkel, Permanent Representative
of Hungary with WMO

On 10 March 2006, the SecretaryGeneral participated in a meeting
at UN Headquarters in New York
on the review of the United Nations
International Strategy for Disaster
Reduction (ISDR) system. During
his visit, Mr Jarraud met with
Mr J. Egeland, UN Under-Secretary-

General for Humanitarian Affairs
and leader of the ISDR System. The
revised ISDR system will involve
a Management Oversight Board,
whose function will be to provide
advice on strategic, managerial and
resource-mobilization issues.

Japan
The Secretary-General visited
Tokyo, Japan, on 14 and 15 March
2006. At the Japan Meteorological
Agency (JMA), he met with the
Director-General and Permanent
Representative of Japan with WMO,
Mr K. Nagasaka. They discussed
issues of common interest such as
technical cooperation in the region
and collaboration between Japan
and WMO. The Secretary-General
visited the JMA and gave a presentation to senior staff on WMO’s
role in international cooperation in
meteorology.

Mexico
The Secretary-General visited
Mexico from 16 to 22 March 2006
on the occasion of the 4th World
Water Forum (WWF4). The World
Water Council organizes a Forum
every three years, which is the largest international freshwater event.
WWF4 was the first to address
the issue of risk management as a
framework theme.
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Mexico, March
2006 — The
Secretary-General
visits the WMO
booth at the fourth
World Water Forum.
With him, right, is
Dr M. Rosengaus
Moskinsky, Permanent
Representative of
Mexico with WMO.
The Secretary-General addressed the
plenary session on Risk Management
Day. He emphasized that, while natural hazards may not be avoided, the
integration of risk assessment and
early warnings with prevention and
mitigation measures can stop many
hazards from becoming disasters.
Action can be taken to reduce considerably the resulting loss of life and
socio-economic damage.

Sir David King, Senior Scientific
Advisor to the Government of the
United Kingdom of Great Britain and
Northern Ireland; and Ms K. Sierra,
Senior Vice President of the World
Bank. The Secretary-General also
participated in a roundtable chaired
by Former President W. Clinton, UN
Special Envoy on Tsunami Recovery.

The Secretary-General also
addressed the plenary session
for Africa, where he recalled the
extreme impacts of droughts and
floods on the continent, stressing
the need to recognize, forecast and
plan for these extremes.

On 7 April 2006, Mr Jarraud visited
Madrid, Spain, to participate in
the first regular session in 2006 of
the United Nations System Chief
Executives Board for Coordination
(CEB), which was chaired by the

Spain

UN Secretary-General at the head
quarters of the United Nations World
Tourism Organization (UNWTO).
Following the session, a CEB retreat
took place in Segovia, during which
all Executive Heads had discussions
on a number of UN-wide issues.

Switzerland
The Permanent Representative
of Switzerland with WMO,
Mr D. K Keuerleber Burk, invited the
Secretary-General to the commemorative ceremony for the 125th
anniversary of the Federal Office
of Meteorology and Climatology,
MeteoSwiss, in Zurich on 2 May
2006. Together with Swiss Federal
Council member P. Couchepin and
renowned balloonist B. Piccard,
Mr Jarraud was one of the three
keynote speakers of the event, which
gathered about 200 eminent persons
of the Swiss government and the
scientific community.
In his speech, the Secretary-General
recalled WMO’s special partnership with MeteoSwiss, whereby

Mr Jarraud visited the National
Meteorological Service and met
with the Permanent Representative
of Mexico with WMO, Dr M.
Rosengaus Moshinsky, for discussions on technical cooperation and
the strengthening of the Service.

Germany
The Secretary-General visited
Germany on the occasion of the
Third International Early Warning
Conference, which was held in Bonn
from 27 to 29 March 2006. He gave
a presentation at the opening of the
Scientific and Technical Symposium
of the Conference and met with
Mr J. Egeland, UN Under-SecretaryGeneral for Humanitarian Affairs;
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Madrid, Spain, 7 April 2006 — The Secretary-General is greeted by HRH Prince of Asturias.
Also in the picture are (from right to left), Mr Kofi Annan, Secretary-General of the United
Nations, and Mrs Annan; HM Queen Sofia of Spain; and HRH Princess of Asturias.

Photo: Michel Gilgen

Symposium on Numerical Weather
Prediction. Mr Jarraud met with HE
Ms I. Mitreva, Minister of Foreign
Affairs.

Zurich, Switzerland, 2 May 2006 — The Secretary-General with balloonist Bertrand
Piccard during celebrations of the 125th anniversary of MeteoSwiss

Switzerland hosts the Geneva-based
WMO Secretariat and the WMO
building hosts the Geneva office of
MeteoSwiss.

Australia
The Secretary-General visited
Australia on the occasion of the 14th
session of Regional Association V
(South-West Pacific), which was
held in Adelaide from 9 to 16 May
2006. In Canberra, Mr Jarraud met
with HE the Hon. G. Hunt, MP,
Parliamentary Secretary to the
Minister of the Environment and
Heritage. During the RA session, the
Secretary-General had discussions
with the permanent representatives
of participating Members, in particular on issues relevant to Small Island

The Secretary-General delivered the opening address at
the Scientific Symposium and
participated through a statement
at the closure ceremony of the
International Scientific Conference
BALWOIS 2006. He met with Dr V.
Spiridonov, Director of the Republic
Hydrometeorological Institute and
Permanent Representative with
WMO, for discussions on the role
of WMO in the monitoring and
prediction of weather and climate

Developing States and the development of NMHSs.
On 9 May, Mr Jarraud joined the
President of WMO, Dr A. I. Bedritsky,
in presenting the 50th International
Meteorological Organization (IMO)
Prize to Dr J.W. Zillman, former
President of WMO.

The Former Yugoslav
Republic of Macedonia
The Secretary-General visited
Skopje and Ohrid, The Former
Yugoslav Republic of Macedonia,
from 25 to 27 May 2006. He
attended the Conference on Water
Observation and Information
System for Decision SupportBALWOIS 2006 and the Scientific

Adelaide, Australia,
9 May 2006 — The
Secretary-General
addresses the opening
ceremony of the 14th
session of Regional
Association V (SouthWest Pacific).

The Former Yugoslav Republic of
Macedonia, May 2006 — The SecretaryGeneral with Dr V. Spiridonov, the
Permanent Representative with WMO
and on international cooperation in
the subregion. A number of permanent representatives, present at
the session, participated in these
discussions.

Mali
On 29 May 2006, the SecretaryGeneral visited Mali to participate in
the inauguration of the new building of the National Meteorological
Service and to launch the
Subregional Workshop on the
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 ntonia ROMEO
A
MAGNAT, Linguistic
Services Support
Officer, Linguistic
Services and
Publications
Department:
1 May 2006

Transfers
Tokiyoshi TOYA, Director, Regional
Office for Asia and the South-West
Pacific: 1 May 2006
Bamako, Mali, 29 May 2006 — Opening of the Subregional Workshop on the Social and
Economic Benefits of Meteorological and Related Services in West, Central and North
Africa

Social and Economic Benefits
of Meteorological and Related
Services in West, Central and North
Africa. Mr Jarraud met with the
Prime Minister, Mr I. Maïga, and
the Minister of Equipment and
Transport, Mr A. Koïta.

Mr Jarraud joined the Permanent
Representative of Mali with WMO,
Mr M. Konaté, and 18 visiting
permanent representatives for
discussions on the role of NMHSs
in the achievement of sustainable
development.

Staff matters
Appointments
Herbert PUEMPEL,
Chief, Aeronautical
Meteorology
Unit, Applications
Programme
Department:
23 April 2006

 ianhua XIN,
X
Translator/Editor
(Chinese),
Linguistic Services
and Publications
Department:
26 May 2006

 upa Kumar KOLLI,
R
Chief, World Climate
Applications and
CLIPS Division,
World Climate
Programme
Department:
4 May 2006

 lexandre
A
KESHAVJEE,
Project Design
Officer, Linguistic
Services and
Publications
Department:
18 April 2006
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Andrés ORIAS BLEICHNER,
Programme Officer (Americas):
15 May 2006
Chantal ETTORI, Senior Clerk,
Technical Library: 1 May 2006

Anniversaries
Abderrahmane QARBAL (Senior
Stockroom Clerk, Common Service
Division, Resource Management
Department): 25 years of service on
1 May 2006
Antonio BELDA EGEA (Printing
Operator, Printing and Media
Replication Unit, Printing and
Electronic Publications Section,
Conferences, Printing and
Distribution Department): 25 years
of service on 4 May 2006

Calendar
Date

Title

Place

7–9 August

RA I Working Group on Agricultural Meteorology

Tripoli, Libya

28-29 August

CGMS Optimization Workshop on LEO/GEO

Geneva

29 August

Focus Group 3 for IGeolab GEO Microwave

Geneva

30 August

CGMS Frequency Coordination

Geneva

31 August-1 September

Third Integrated Global Data Dissemination Service
(IGDDS) Workshop

Geneva

4-8 September

Joint Meeting of the Expert Team on Satellite Utilization
and Products (ET-SUP) and the Expert Team on Satellite
Systems (ET-SAT)

Geneva

4-8 September

Training Course on Meteorology for Forecasters from
South Pacific Islands National Meteorological Services

Nouméa, New Caledonia

7–13 September

Regional Association III (South America)—14th session

Lima, Peru

11-15 September

Fourth Regional Workshop on Storm Surge and Wave
Forecasting

Manila, Philippines

14-16 September

Expert Meeting on Computer-aided Distance Learning in
Meteorology and Hydrology and Water Resources

Nanjing, China

18-29 September

RA II/RA VI Regional Training Seminar on GDPFS and
PWS in Support of Natural Disaster Reduction

Langen, Germany

24-29 September

Ninth International Workshop on Wave Hindcasting and
Forecasting

Victoria, BC, Canada

25–28 September

Joint Committee on International Polar Year 2007-2008—
fourth session

Longyearbyen, Swalbard,
Norway

2-5 October

RA VI Training Seminar on Capacity Building in Climaterelated Matters

Yerevan, Armenia

5-7 October

JCOMM Management Committee—fifth session

Geneva

9-13 October

PWS Workshop on Warnings of Real-Time Hazards by
Using Nowcasting Technology

Sydney, Australia

9-13 October

ECMWF Training Course on the Use and Interpretation
of ECMWF Products for WMO Members

Reading, United Kingdom

25-27 October

International Workshop on Agrometeorological Risk
Management: Challenges and Opportunities

New Delhi, India

28 October-3 November

Commission for Agricultural Meteorology—14th session

New Delhi, India

6-8 November

CBS Technical Conference on the WMO Information
System

Seoul, Republic of Korea

9-16 November

Commission for Basic Systems—extraordinary session

Seoul, Republic of Korea

21-22 November

CAeM Technical Conference on Aeronautical
Meteorology

Cairo, Egypt
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The World
Meteorological
Organization
WMO is a specialized agency of the
United Nations. Its purposes are:
•

•

•

•

•

•

To facilitate worldwide cooperation
in the establishment of networks of
stations for the making of meteorological observations as well as
hydrological and other geophysical
observations related to meteorology, and to promote the establishment and maintenance of centres
charged with the provision of meteorological and related services;
To promote the establishment and
maintenance of systems for the
rapid exchange of meteorological
and related information;
To promote standardization of
meteorological and related observations and to ensure the uniform
publication of observations and
statistics;
To further the application of meteorology to aviation, shipping, water
problems, agriculture and other
human activities;
To promote activities in operational hydrology and to further
close cooperation between
Meteorological and Hydrological
Services;
To encourage research and training
in meteorology and, as appropriate,
in related fields, and to assist in coordinating the international aspects of
such research and training.

The World Meteorological Congress
is the supreme body of the Organization.
It brings together delegates of all
Members once every four years to
determine general policies for the
fulfilment of the purposes of the
Organization.

The Executive Council
is composed of 37 directors of National
Meteorological or Hydrometeorological
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Services serving in an individual
capacity; it meets once a year to
supervise the programmes approved
by Congress.

The six regional associations
are each composed of Members whose
task it is to coordinate meteorological,
hydrological and related activities within
their respective Regions.

The eight technical commissions
are composed of experts designated by
Members and are responsible for studying meteorological and hydrological
operational systems, applications and
research.

Executive Council
President
A.I. Bedritsky (Russian Federation)
First Vice-President
A.M. Noorian (Islamic Republic of Iran)
Second Vice-President
T.W. Sutherland (British Caribbean
Territories)
Third Vice-President
M.A. Rabiolo (Argentina)

Ex officio members of the Executive
Council (presidents of regional
associations)
Africa (Region I)
M.S. Mhita (United Republic of Tanzania)
Asia (Region II)
A.M.H. Isa (Bahrain)
South America (Region III)
R. Michelini (Uruguay) (acting)
North America, Central America and
the Caribbean (Region IV)
C. Fuller (Belize)
South-West Pacific (Region V)
A. Ngari (Cook Islands)
Europe (Region VI)
D.K. Keuerleber-Burk (Switzerland)

Elected members of the Executive Council
M.L. Bah
Guinea
P.-E. Bisch
France (acting)
F. Cadarso González
Spain (acting)
M. Capaldo
Italy (acting)
Q.-uz-Z. Chaudhry
Pakistan
M.D. Everell
Canada
J.J. Kelly
United States of America
T. Hiraki
Japan (acting)
M. Konaté
Mali (acting)
W. Kusch
Germany (acting)
G.B. Love
Australia (acting)
F.D. Freires Lúcio Mozambique acting)
J. Lumsden
New Zealand
P. Manso
Costa Rica (acting)
J. Mitchell United Kingdom (acting)
F.P. Mote
Ghana
A.D. Moura
Brazil (acting)
J.R. Mukabana
Kenya
D. Musoni
Rwanda (acting)
S. Nair
India (acting)
I. Obrusnik
Czech Republic (acting)
H.H. Oliva
Chile
Qin Dahe
China
J.K. Rabadi
Jordan (acting)
B.T. Sekoli
Lesotho
M. Shawky Saadallah Egypt (acting)
Yap Kok Seng
Malaysia (acting)

Presidents of technical
commissions
Aeronautical Meteorology
N.D. Gordon
Agricultural Meteorology
R.P. Motha
Atmospheric Sciences
M. Béland
Basic Systems
A.I. Gusev
Climatology
P. Bessemoulin
Hydrology
B. Stewart
Instruments and Methods of
Observation
R.P. Canterford (acting)
Oceanography and Marine Meteorology
P. Dexter and J.-L. Fellous
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technologies are needed to integrate sensors and provide the latest detection, tracking and prediction tools
for timely dissemination of data. Lockheed Martin’s Integrated Weather and Environmental Systems
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The task is to reduce the capacity of
water to take life away. We can and
must reduce the number and impacts
of disasters by building sustainable
communities that have the long-term
capacity to live with risks…
Kofi Annan, UN Secretary General (8 October 2003)
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