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In this issue
The International Polar Year (IPY)
2007-2008 was successfully launched
by WMO and the International
Council for Science on 1 March 2007.
The fundamental concept of IPY is
an intensive burst of internationally
c o or d in a t e d, in t e r d i s c ip linar y,
scientific research and observations
focused on the polar regions. IPY
provides the opportunity to obtain
long-term series of observational data
on the state of the atmosphere, ocean,
cryosphere and other components of
the climate system in polar regions.
It will extend our knowledge of the
variability of the processes in the
polar environment and facilitate
the development of sophisticated
techniques for weather forecasting,
op erational oc eanography and
climate prediction and, therefore,
offers an opportunity for the further
improvement of hydrometeorological
services worldwide in support of
socio-economic development.
To intensify international attention on
IPY and emphasize the role of polar
regions in the global climate system,
World Meteorological Day in 2007
was dedicated to the topic “Polar
meteorology: understanding global
impacts”. Three prominent persons
were invited to give lectures. Arthur
Chilingarov, eminent Russian polar
scientist, described IPY as a unique
platform for international cooperation.
Chris Rapley, President of the Scientific
Committee for Antarctic Research,
gave a presentation “Shrinking ice:
the global impact of polar warming”.
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Explorer Mike Horn, who, in 2006, with
Borge Ousland, was the first to walk
to the North Pole in the sunless Arctic
winter gave a presentation entitled
“On site—visual impact: acting for
the future”. These lecturers ensured
that World Meteorological Day 2007
was an interesting and significant
element in promoting IPY.
This issue of the WMO Bulletin is a
significant input to the education and
outreach aspects of IPY. The range
of scientific topics and specialities
coverd by IPY is enormous. The IPY
projects address challenging issues
driven by the need to understand
recent and rapid changes in the polar
regions. Four key issues stand out as
requiring urgent attention: shrinking
snow and ice; interactions of the poles
and the rest of the planet; individual
well-being and polar community
resilience in the face of extraordinary
environmental and social change;
and attaining new scientific frontiers.
W MO, thr o ugh the Na tional
Meteorological and Hydrological
Services (NMHSs), will be offering
substantial contributions to the IPY
in the areas of polar meteorology,
o c e an o gr ap hy, gla c iolo g y an d
hydrology in terms of scientific
research and observations.
Although the polar regions are
generally distant from population
centres, there is great need for reliable
weather forecasts in these areas. In
the Arctic, forecasts are needed for the
protection of indigenous communities,

as well as in support of maritime
operations, tourism and oil and gas
exploration. In the Antarctic, reliable
forecasts are required for logistical
operations in the air and at sea in
support of scientific research and the
tourism industry. Weather forecasting
in both polar regions presents unique
challenges. The development of
new weather and environmental
prediction systems through WMO’s
World Weather Research ProgrammeTHORPEX IPY projects will be a
step forward in the generation of
hydrometeorological information
needed to monitor and forecast the
state of the polar environment on
a wide range of scales, from a few
hours to weeks. These improvements
will, in turn, generate socio-economic
benefits for polar communities.
IPY provides the oppor tunit y to
organize an international study of
the chemical composition of the polar
atmosphere in both hemispheres.
Of importance are the exchange
mechanisms and drivers of exchange
of chemical trace species between the
atmosphere, land surfaces, the oceans
and snow and ice surfaces, which
depend on the physical, chemical and
biological state of the Earth system
components. Attention is required
concerning the coupling mechanisms
between climate, ozone depletion in
the stratosphere and the boundary
layer and the environmental changes
linked to the long-range transport
of pollutants. There is a need to
understand the system well enough

that the effects of future changes in
climate and the relative proportions
of snow, land and ocean surfaces on
the atmosphere—with associated
feedbacks—can be quantified.
One key element of IPY atmospheric
research are studies addressing
stratospheric polar ozone depletion—
one of the strongest anthropogenic
signals in the global climate system.
Much research activity in the polar
stratosphere during IPY is based
on the Match method, which was
developed to measure precisely
the rate of loss of ozone in the polar
stratosphere. Multi-annual data from
the Match campaigns allowed the
sensitivity of Arctic ozone loss on
changes in climate—a key parameter
for future projections of polar ozone
loss—to be established.
The need for sustained and integrated
obser ving systems in the polar
regions, especially in poorly sampled
polar oceans, has been recognized
for well over a century. The IPY has
great potential to establish observing
systems in the polar oceans. In

the Arctic, the idea is to develop
and sustain an integrated Arctic
Ocean Observing System, while,
in the Antarctic, a Southern Ocean
Observing System is planned. Both
systems will provide knowledge,
understanding and prediction skill and
will contribute directly to the Global
Ocean Observing System.
In recent decades, some significant
changes were detected in the polar
environment, such as a decrease in
perennial sea ice, a reduction in the
amount of snow cover, the melting of
glaciers and permafrost and a decrease
in river and lake ice. The timing of
IPY for observing and increasing our
knowledge about the rapid change in
the polar cryosphere could not have
been more appropriate. Satellite data
are critical for the derivation of new
high-latitude cryosphere products, as
in situ data are sparse or non-existent
in these remote regions. A project
entitled the Global Interagency IPY
Polar Snapshot aims to obtain highresolution, broad spectral snapshots
of the polar regions. In addition, a
system of satellites on a highly

elliptical orbit—called Arctica—is
planned by the Russian Federation
in four years’ time to observe wind
speed and direction, clouds, ice cover
and other parameters in the Arctic.
International, long-term, multidisciplinary observing networks
should be a particularly significant
l e g a c y o f I P Y 2 0 0 7-2 0 0 8 . T h e
establishment of a Global Cryosphere
Watch would be an important part
of this. These observing systems
would provide scientists and decisionmakers with real-time information
on the evolving state of the polar
environment for decades to come.
Lastly, statistical seasonal tropical
cyclone forecasting has come a
long way since the early 1980s. As
well as predictions of total seasonal
activity, several forecasts now include
individual monthly forecasts and
predictions of probability of landfall.
As the availability of global datasets
such as the various re -analysis
products continues to be improved,
so will statistical forecasts of tropical
cyclones.

Intergovernmental Panel on Climate
Change (IPCC) wins Nobel Peace Prize
The Intergovernmental Panel on Climate Change (IPCC), co-founded and
co-sponsored by WMO and the United Nations Environment Programme
(UNEP), has been awarded the Nobel Peace Prize jointly with Al Gore, former
Vice-President of the USA and environmental campaigner. They were chosen
“for their efforts to build up and disseminate greater knowledge about manmade climate change and to lay the foundations for the measures that are
needed to counteract such change”. The scientific assessments of the IPCC
provide the international community with a better understanding of what
causes climatic shifts and what can be done to address them to better
manage land and water resources, thereby reducing poverty and vulnerability and contributing to sustainable
socio-economic development.
When the announcement was made on 12 October 2007, the Secretary-General of WMO, Michel Jarraud, said
that the Prize recognized, at the highest level, the role that the Intergovernmental Panel on Climate Change—
and through it the international scientific community—plays in raising awareness and understanding of
the impact of human activities on the Earth’s climate. He expressed his confidence that the award would
inspire everyone, from individuals to decision-makers, to make the best use of the scientific knowledge about
changing climate to take the necessary actions to protect the planet.
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International
Polar Year 2007-2008
Title
by I. Allison1, M. Béland2, D. Carlson3, D. Qin4, E. Sarukhanian5 and C. Smith6

Introduction
Frozen regions, particularly large polar
expanses of permafrost, sea ice and
ice sheets, represent some of the most
compelling and awesome features of
planet Earth. These regions of low
Sun angle, of (seasonally) continuous
daylight and of unusually high surface
reflectivity provide fascinating visual
images, from the intricacies of ice
crystals to the white-furred and whitefeathered animals to the soaring vaults
and fissures of icebergs and glaciers.
Increasingly, we recognize that the
ecological and climatic complexities
and impacts of polar regions match
and exceed the visual intricacies and
impacts. Poised where slight heating
will convert ice to water, the frozen
regions represent places of exquisite
sensitivity to global warming, places
where small changes can produce
dramatic consequences for polar
ecosystems, for inhabitants and for
the global climate system itself.
The evidence of significant change
already underway, an urgent need
to improve climate models and to
confirm their polar predictions with
observations and the as yet unmet

challenge of achieving an integrated
under s t anding of geophysic al ecological-social systems are drawing
worldwide scientific attention once
again to the polar regions. Polar
regions remain difficult places to
live and work, both for residents
and scientific visitors. However,
polar research builds on a tradition
of international scientific and logistic
cooperation. That tradition, the
urgency to understand the frozen
parts of the planet and the opportunity
to commemorate 50 years since the
International Geophysical Year (19571958) led to the International Polar
Year 2007-2008.

International Polar
Year 2007-2008

Antarctica. IPY 2007-2008 builds on
a 125-year history of internationally
coordinated study of polar regions,
ex tending back to the first and
second IPYs (1882-1883 and 19321933), sponsored by the International
Meteorological Organization (WMO’s
predecessor). IPY 2007-2008 marks the
50th anniversary of the International
Geophysical Year (1957-1958), which
ICSU and WMO co-sponsored.

The International Council for Science
(ICSU) and WMO recently launched
the International Polar Year (IPY) 20072008, which will involve scientists
from 63 nations and a broad range
of disciplines. The official IPY 20072008 observing period is from 1 March
2007 until 1 March 2009 in order to
include a complete annual cycle of
observations in the Arctic and in

A Framework for the International
Polar Year 2007-2008, developed by
an ICSU Planning Group with WMO
par ticipation in November 2004
(Rapley et al., 2004), outlined science
goals; data management goals and
plans ; a strategy for education,
outreach and communication; and
a structure for the organization
and implementation of IPY 2007-

1 Ice, Ocean, Atmosphere and Climate Program, Australian Antarctic Division and Antarctic Climate and Ecosystems Cooperative Research
Centre, Co-chair of IPY Joint Committee
2 Science and Technology Branch, Environment of Canada, Co-chair of IPY Joint Committee
3 Director, IPY International Programme Office
4 China Meteorological Administration, Chair of WMO Intercommission Task Group on IPY, member of IPY Joint Committee
5 Special adviser to the Secretary-General of WMO on IPY and ex officio member of IPY Joint Committee
6 Deputy Executive Director of ICSU and ex officio member of IPY Joint Committee
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2008. Six themes, identified from
extensive input from the polar science
community, provide the overall goals
for specific activities comprising the
IPY 2007-2008 (see box below).
Most IPY projects seek to achieve
more than one of the IPY goals. For
example, many projects that address

The six IPY themes
1. Status: to determine the present
environmental status of the polar
regions.
2. Change:

to

quantify

and

understand, past and present
natural environmental and social
change in the polar regions; and
to improve projections of future
change.
3. Global

linkages:

to

advance

under standing

on

of

between

the

links

all

scales
and

interactions of polar regions and
the rest of the globe, and of the
processes controlling these.

Theme 1 (Status) involve establishing
baseline observations and thus also
address Theme 2 (Change). The full
set of endorsed IPY proposals clearly
demonstrates both the breadth and
depth of the planned science for
IPY.
The development of IPY research
activities has been driven as a bottomup process by active researchers in
many countries. This is overseen and
coordinated by an ICSU/WMO Joint
Committee for IPY that is made up of
leading international polar scientists
and replaced the original Planning
Group in 2004. A total of 228 projects,
including 57 addressing education
and outreach, have been formally
endorsed as IPY activities by the ICSU/
WMO Joint Committee as of June
2007 (http://www.ipy.org/). The IPY
core participants are self-organizing
groups of researchers, international
organizations and consortia of national
governmental and non-governmental
agencies. An overview of planned
IPY 2007-2008 activities by the ICSU/
WMO Joint Committee for IPY based
on the research plans and objectives
of endorsed projects can be found in
the Scope of Science for IPY 20072008 (Allison et al., 2007)

4. New frontiers: to investigate the
frontiers of science in the polar
regions.
5. Vantage point: to use the unique
vantage

point

of

the

polar

regions to develop and enhance
observatories from the interior
of the Earth to the Sun and the
cosmos beyond.
6. Human dimension: to investigate
the

cultural,

historical

and

social processes that shape the
sustainability

of

circumpolar

human societies and to identify
their unique contributions to
global cultural diversity and
citizenship.

IPY 2007-2008 will leave a legacy of
observing sites, facilities and systems
to support ongoing polar research and
monitoring as the basis for observing
and forecasting change. The Polar
Year will strengthen international
coordination of research and enhance
international collaboration and
cooperation in polar regions, including
that among scientists, local residents,
and their institutions of scholarship,
education, health and environmental
protection.
The IPY projects will attract, engage
and develop a new generation of
researchers and experts. Further, IPY
will raise the awareness, interest and
understanding of polar residents and
their community institutions, as well
as educators, students, the general
public and decision-makers worldwide,
of the purpose and value of polar

research and observations. Building
on existing and new funding sources,
projects developed as part of the Polar
Year will optimize the use of available
polar observing systems, logistical
assets and infrastructure and develop
and embrace new technological and
logistical capabilities.

Urgencies for
polar research
IPY science covers an enormous
range of topics and specialties. All
the IPY projects address challenging
science issues driven by the need to
understand changes in polar regions.
IPY science goals will evolve as time
and discovery refine and refresh our
understanding. Four key issues stand
out as requiring urgent attention.

Shrinking snow and ice:
rapid change in polar regions
As a result of a positive feedback
mechanism in which reduced snow
and ice cover increases solar heat
absorption, the atmosphere and the
ocean are warming much faster in
some areas of the polar regions than
elsewhere on the planet. The results
are plain to see: IPY is taking place
amidst abundant evidence of changes
in snow and ice, with reductions in
extent and mass of glaciers and ice
sheets, reductions in area, timing and
duration of snow cover and reductions
in extent and thickness of sea ice.
The Fourth Assessment Report of the
Intergovernmental Panel on Climate
Change notes clear indications that,
over the past decade, the rate of
reduction of many snow and ice
masses has accelerated (Lemke et
al., 2007).
Permafrost, ground that remains
permanently below the freezing
point, covers about 25 per cent of
the northern hemisphere landmass
and shows substantial change, mostly
in the form of thermal decomposition
due to warming climate. Permafrost
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Arctic sea ice cover is shrinking,
opening the prospect of trans-Arctic
sea routes. Polar bears, seals, walruses
and other ice-associated marine
species are at risk as their habitat
disappears, with consequences
for many polar residents and their
traditional cultures and economies.
The Southern Ocean sea ice is also
decreasing around much of the
Antarctic Peninsula but around the
eastern Antarctic, the sea-ice extent
is still stable.
Changes in sea-ice cover, coupled
with surface warming and, in the
north, changes in river runoff, will
have consequences for several
globally significant marine fisheries.
There is evidence that populations of
shrimp-like krill that feed the whales,
seals and birds of the Southern Ocean
have declined significantly near the
Antarctic Peninsula, where winter
sea-ice cover is vital for the growth of
krill larvae. Declines in some penguin
species are becoming apparent, but
the picture is complicated by the
tendency of other species to migrate
south as the ocean warms and the
sea ice retreats.
The observations and modelling
studies of IPY will document and
quantify the extent, rate and impact
of the c hanging snow and ic e
environments in both polar regions.

Global linkages: interactions
between the poles and
the rest of the Earth
In the atmosphere, sur fac e air
temperatures over large areas of the
Arctic and on the Antarctic Peninsula
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have risen considerably faster than
the global average, partly because of
the ice-albedo feedback that amplifies
climate change in polar regions.
Above the Antarctic, tropospheric
temperatures have significantly
warmed, while the stratosphere
has cooled; stratospheric cooling
enhances the southern hemisphere
ozone hole. Global warming has also
led to poleward-intensified westerly
winds that strengthen the Antarctic
Circumpolar Current, contribute to
Southern Ocean warming, change
the depth, timing and intensity of
nutrient resupply to Southern Ocean
ecosystems and, of course, link to
hemispheric and global atmospheric
circulation and transport patterns.
Permafrost degradation, mentioned
above, may also mobilize vast reserves
of frozen carbon, some of which, as
methane, will increase the global
greenhouse effect.
Parallel and related changes in the
polar oceans also link to global
changes. The ocean conveyor belt
(the thermohaline circulation) that
transports heat around the globe and
connects ocean circulation between
the Arctic and the Antarctic is driven
by cold dense water sinking in the
polar regions. As polar waters warm,
as sea-ice production decreases and
as river inputs (in the Arctic) increase,
warmer, fresher polar waters lose
their tendency to sink, leading to

substantial changes in the ocean
circulation patterns that moderate
global climate.
Changes in the large ice sheets will
have a global impact on sea-level,
affecting human populations living
in coastal and low-lying areas. Global
sea-level rose at an average rate of
some 1-2 mm /yr during the 20th
century in response both to thermal
expansion (a warmer ocean occupies
more space) and to the melting of
mountain glaciers and ice caps. In
recent years, the rate has risen to
3 mm/yr, probably reflecting some
addition from melting polar ice
sheets.
The polar regions generally do not
contain significant industrial or
commercial sources of contaminants.
Yet contaminants show up in the
ecosystems of both the Arctic and the
Antarctic, often in high (biomagnified)
concentrations in animals at the tops
of polar ecosystems. These are the
same animals (bears, seals, fish,
caribou) consumed as traditional
foods by northern societies. We can
say with certainty that pollutants
emit ted into the atmosphere
e l s e w h e r e on t h e p lan e t have
affected, and will continue to affect,
Arctic residents. Migratory birds,
fish and animals transport some of
these pollutants, as well as diseases;
their seasonal migrations represent

MATT GODBOLD, AUSTRALIAN ANTARCTIC DIVISION ©
COMMONWEALTH OF AUSTRALIA

degradation affects local ecology and
hydrology, as well as coastal and soil
stability. Changes to the distribution
of land snow cover, in the amount
and timing of snow-melt runof f
from snow packs and the shrinkage
of polar and mountain glaciers, all
impact the hydrological cycle and
land vegetation patterns at scales
from local to global.

BRYAN AND CHERRY ALEXANDER

rapid biological linkages between
temperate and polar regions. As
polar weather, polar climate and
p olar e c o s y s t e m s c han g e, the
routes and fates of these pollutants
may also change. The continued
accumulation of pollutants in polar
regions reminds us of inescapable
global interconnections.
IPY research will enhance
understanding of these linkages
and their impact for global human
societies. It will also enhance our
skill in predicting future Earth system
changes.

Neighbours in the north
Northern people are experiencing
c hange s in wea ther, s oils and
vegetation and food availability,
concurrent with, and complicated by,
changes in economic pressures and
opportunities, information systems,
op tion s f or s elf- d e ter mina tion
(governance) and urgent immediate
issues of housing, education and jobs.
Just as climate changes threaten polar
and global biodiversity, they likewise
threaten polar and global cultural
diversity.
IPY research, guided by and in
partnership with polar residents, local
communities and their institutions,
will seek to understand the complex
factors that determine individual wellbeing and community resiliency in the
face of extraordinary environmental
and social change. IPY researchers
will focus on northern human wellbeing, particularly the impacts of
pollution on humans, contaminants
and parasites in traditional foods and
various aspects of health: existing
and emerging infectious diseases,
chronic diseases and unhealthy lifestyles. Understanding polar regions
also requires an understanding and
assessment of human activities.
These include (potentially in both
polar regions) harvesting of natural
resources, exploitation of mineral
and energy resources, transportation,
tourism and production and dispersion
of pollutants.

The economically and culturally important Arctic activities of hunting, fishing and
herding are being challenged and stressed by climate and geopolitical changes. IPY
projects are addressing a wide range of traditional human activities in the context of a
changing Arctic.

A comprehensive, accurate, useful
and relevant understanding of the
integrated Arctic system requires
engagement with northern people as
partners in planning and conducting
the research, evaluating the results,
disseminating the information and
assessments and building legacies.

New frontiers
New p olar s c ientif ic ad vanc e s
will occur across a broad range of
research specialties, from previously
inaccessible realms of polar genomes
to unseen areas of the Earth’s crust
beneath the ice. Many scientific
frontiers in the polar regions lie at the
intersection of disciplines and progress
will be made by new observational
techniques, interdisciplinary crossanalysis and advances in computing
and communication.
What secrets, what clues to the
planet’s past lie under the ice? How
does life survive extreme cold and
long dark? What struc tural and
physiological adaptations evolved
in cold water s and propagated
throughout the oceans? What marvels
of photochemis tr y oc cur when

spring’s first light strikes winter snow?
How do microbial communities in the
upper ocean influence cloudiness in
the atmosphere above? What subtle
richness of behaviour, language
and knowledge has allowed human
c ommunitie s to sur vive in the
Arctic for thousands of years? Can
ancient solid silent ice hold so much
history and yet change so fast? IPY
represents a unique opportunity to
probe collectively these intellectual
frontiers, explore unseen places,
develop new concepts and theories
and set the stage for predictions,
assessments, recommendations and
future discovery through international
collaboration and partnership.

IPY legacies
IPY 2007-2008 will significantly extend
our understanding of processes
in polar regions and their global
linkages—and it will leave a rich
legacy that includes, among others,
large-scale baseline datasets against
which future change can be assessed,
new and enhanced observing systems
and a new generation of scientists and
leaders trained and motivated to carry
this legacy into the future.
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Building an integrated dataset from
the broad range of IPY research
activities represents one of IPY’s most
daunting challenges. An enduring
dataset, accessible to scientists and
the public during IPY and for many
decades into the future, will represent
one of IPY’s strongest legacies.
IPY starts from a strong and clear
data policy: “IPY data, including
operational data delivered in real
time, are made available fully, freely,
openly, and on the shortest feasible
timescale”. There are exceptions
only to protect confidentiality of
information about human subjects,
to respect needs and rights of holders
of local and traditional knowledge
and to ensure that data release does
not lead to harming endangered or
protected resources.
An IPY Data and Information Service
(DIS) will build on ICSU and WMO
strategies for future data systems.
Planning and implementation of
the IPYDIS will occur in partnership
with the contemporaneous Electronic
Geophysical Year (eGY). The technical
solutions necessary to implement
the IPYDIS will comply with
advanced international standards for
interoperability and for metadata.
A successful IPYDIS will engage
and connect many national and
international data centres and promote
the development of common formats,
improved reference systems and
geographic browsers. In partnership
with eGY, IPY promotes behaviours
and systems that ensure consistent
and accurate acknowledgement
of data sources by all data users.
Ensuring proper attribution across IPY
disciplines and datasets will highlight
the need within science for a system
of review and citation of the datasets
themselves.
The IPYDIS and the long-term IPY data
legacy will involve many innovative
solutions driven by the need to integrate
and preserve a vast array of data
combined with advances in storage
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and communication technologies,
in real-time data assimilation, and in
conceptual systems for integrating and
exchanging information. In addition
to these technical and infrastructural
solutions, IPY will set a new standard
in scientific collaboration as rapid and
unrestricted data exchange becomes
an accepted and enabling factor in
daily research.

Observational systems
The infrastructure and comprehensive
polar observing systems developed
during IPY 2007-2008 will provide
the potential basis for long-term
observing networks to support polar
research for decades to come. This
will be a particularly significant legacy
of IPY 2007-2008 since change and
the ability to observe and quantify
change in the polar regions will
serve as a harbinger for monitoring
global changes. The high-intensity
observing period of the IPY years
will provide detailed observations
that can, through the integration of
observations and advanced numerical
models, guide the design of cost-

effective, feasible observing systems
for the future.
En h a n c e d o b s e r v i n g s y s t e m s
endorsed as part of IPY include ocean
observing systems, including sea
ice, in the Arctic and the Antarctic;
the polar components of globalscale atmospheric obser ving
systems; restored and enhanced
pollution monitoring net works ;
circumpolar permafrost observational
networks; geophysical and geodetic
observations of ice sheets and sub-ice
properties and processes; and interagency coordinated efforts to provide
essential satellite obser vational
products. Substantial efforts will
go into marine and terre s trial
biodiversity monitoring systems, in
both hemispheres, and to upgrading
or installing new space observing
systems looking outward through
the clear dry polar atmospheres.
Perhaps as important as any of these,
and possibly more complicated,
researchers and residents in the Arctic
will build community monitoring
networks and pan-Arctic information
exchange systems to acquire and

BRITISH ANTARCTIC SURVEY

Datasets

Aurorae are the most obvious visual indication in the polar regions of the interaction
of the Earth’s magnetosphere and upper atmosphere. The polar regions offer unique
platforms for studies of the atmosphere; the image illustrates the Super-DARN (Dual
Auroral Radar Network) radar in the Antarctic used for global ionospheric studies in
conjunction with similar radar facilities in the Arctic.

share essential local information
about polar conditions and polar
change.
Observing systems evolving from IPY
will develop within the framework of,
and as contributions to, the larger
global observing systems (e.g. the
Global Earth Observation System of
Systems; the WMO World Weather
Watch and Global Atmospheric
Watch Programmes; and the Global
Climate and Global Ocean Observing
Systems). Already, IPY projects and
organizational partners are developing
plans for sustainable Arctic observing
systems (including geophysical,
ecological and social observations)
and for circum-Antarctic Oocean
observing systems.

Future researchers
The injection of additional funding
during the IPY 2007-2008 period
will stimulate new recruitment and
training activities: several hundreds
of graduate students, many tens of
post-doctoral positions, perhaps even
new senior researcher positions.
Building this temporary enthusiasm
into a sustained legacy involves three
challenges. First, along with legacies
of data and observational systems,
a legacy of increased polar research
funding must provide continued and
enduring opportunities for recruitment
and retention of new polar researchers.
These new polar researchers must
come from broad geographic and
disciplinary backgrounds—science
of the future, with polar science at

the forefront, will be characterized
by the integration of cultural and
intellectual diversity. Finally, young
researchers in IPY 2007-2008, of both
genders and of many cultures, must
establish their intellectual, vocational
and collegial networks, to exchange
ideas, share enthusiasm and develop
shared visions and commitment,
with a deliberate goal of planning
and leading future global change
research. The rapid growth of the
Association of Polar Early Career
Scientists during the IPY bodes well
for the future of polar science and
science generally.

Summary
The period 1 March 2007 to 1 March
2009 will be exciting and historic.
International Polar Year 2007-2008
should significantly advance our
ability to meet the major science
challenges of the polar regions
and generate rich legacies of data,
capabilities and talent. IPY 2007-2008
and its connection to a general public,
already fascinated by polar images
and polar animals, represents science
addressing crucial global questions of
planetary well-being at a time when
we humans begin to recognize the
serious impacts of human behaviour.
This global focus on frozen regions
simultaneously provides a test of our
ability to understand the planet, a
warning of our impact on the planet
and an opportunity to develop a new
science paradigm-public partnership
that will act for the benefit of the
planet and humanity.
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Improvement of weather
forecasts in polar regions
Title
by Thor Erik Nordeng1, Gilbert Brunet2 and Jim Caughey3

Introduction
So far, there have been two socalled Polar Years separated in time
by 50 years: the First International
Polar Year took place in 1882-1883
and established a precedent for
international science cooperation.
The second took place 50 years
later in 1932-1933, and investigated
the global implic a tion s of the
newly discovered “jet stream”. The
third—the International Polar Year
(IPY)—is taking place in 2007–2008
and is an international programme
of coordinated, interdisciplinar y
scientific research and observations
in the Earth’s polar regions.
From an enhanced observational
net work , the sophis ticated use
of new observations and a better
understanding of physical processes
in polar regions, it is hoped that IPY
2007–2008 will achieve a similar leap
forward in skill in numerical weather
and environmental prediction (NWEP)
as was achieved by the First Global
Atmospheric Research Programme
Global Experiment (FGGE) year of
1979. NWEP constitutes one of the
most important technological and
societal successes of the last century.
The positive impact of weather and
environmental forecasting on health,

1 Norwegian Meteorological Institute, Oslo,
Norway
2 Environnement Canada, Québec, Canada
3 WWRP-THORPEX, IPO, WMO
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safety and economic competitiveness
is recognized worldwide. The benefit
of NWEP applications in polar regions
has been somewhat delayed, due to
the higher priority of forecasting in the
more densely populated mid-latitude
and tropical regions. Concerns about
an amplifi cation of anthropogenic
climate change at higher latitudes,
combined with an increasing
interes t of many governments,
require a better understanding of
weather, environmental and climate
processes in the polar regions so
as to improve our ability to make
reliable, quantitative predictions.
The IPY provides the impor tant
international context to improve
weather and environmental
forecasting capabilities for the polar
regions.

World Weather
Research Programme
(WWRP)-The Observing
System Research
and Predictability
Experiment (THORPEX)
IPY and WWRP-THORPEX
WMO’s W WRP-THORPEX has the
basic objec tive of ac c elerating
improvements in global and regional
numerical weather predic tion
skill, especially in relation to highimpact weather events. Within the

IPY, WWRP-THORPEX will play an
important role with the following
general objectives:
•

Assess, and seek to improve the
quality of, operational analyses
and research re-analysis products
in the polar regions;

•

Address improving dataassimilation techniques for the
polar regions, including sensitivity
studies;

•

Assess the skill in predicting polarto-global high-impact weather
events for different observing
strategies at higher latitudes;

•

D e m o n s t r a t e t h e u t ili t y o f
improved utilization of ensemble
weather forecast products for
high-impac t weather events
and for IPY operations, when
applicable;

•

Develop recommendations for the
design of the Global Observing
System (including the middle
atmosphere) in polar regions for
weather prediction;

•

Conduct field campaigns during
the IPY intensive obser ving
period to assist achievement of
the goals;

•

Improve representation of highlatitude clouds, cloud/radiation
interaction and other key energy
exchanges;

•

Develop and evaluate snow
(including blowing snow)
models;

•

Address two-way interactions
of polar and sub-polar weather
regimes;

•

Improve /implement /evaluate
detailed dynamic-thermodynamic
sea-ice models coupled with
ocean currents in the Arctic
basin;

•

Implement and evaluate
as similation of sea - sur fac e
temperature (SST) and ice-motion
observations with variational
data-assimilation systems.

W WRP-THORPEX will also play
a major role as a partner with the
climate forec as t c ommunit y in
bridging the gap between weather and
climate forecasting, leading to better
understanding, improved techniques
and more skilful forecasts for the
of ten neglected 10-60 day range
between the weather and climate
time-scales.
Educ a tion, ou tr eac h and c om munication with northern communities
will be important throughout IPY. A
variety of activities will be organized,
including community meetings, onsite visits, joint research projects
and Web site s . A s an example,
researchers in the Canadian Storm
Studies of the Arctic (STAR) project
have es tablished linkages with
Nunavut territory agencies and Inuit
organizations. These include the
Nunavut Government (Environment
Department, Nunavut Department of
Community and Government Services,
Nunavut Department of Economic
Development and Transportation),
the Nunavut Research Institute and
the Nunavut Arctic College.
S TA R r e s e ar c h e r s ar e alr e a d y
collaborating to maintain portable
weather stations in which data are
being used to investigate site plans
for new housing developments in

Iqaluit. STAR will also collaborate
with the Clyde River Hunters and
Trappers Association to establish a
research centre in the community
that will document and reconcile
Inuit observations of change with
those made using conventional
scientific methods with the objective
of developing adaptation strategies.
STAR will thus provide an employment
opportunity for local people/students
a s u p p e r- a i r t e c h n i c i a n s w i t h
Environment Canada.

The WWRP-THORPEX
IPY cluster

1 and 15 October 2005. Blue dots are
stations reporting more than 90 per
cent of the time, while all other colours
show stations with less complete
reports. In the centre of the polar
basin and on the Antarctic Plateau,
there are virtually no conventional
observations. There is no help from
commercial aircrafts either (AMDAR
data) as few flights cross the area.
The use of satellites will therefore
play an important role. This is not
straightforward, however, as satellite
retrievals in polar regions are difficult,
owing to the snow- and ice-covered
land surface, as well as cold, lowlevel clouds consisting mainly of ice
crystals.

WMO and the International Council
for Science (ICSU) established the IPY
Joint Committee (JC) and issued a call
for Expressions of Intent (EOI) to be
received by November 2004. The IPYTHORPEX cluster was formed from
those EOIs that related closely to the
objectives outlined above. More than
30 projects were noted as potential
members of the cluster and of these
(at the time of writing) 10 were actively
participating.

Because of the low troposphere
and large horizontal variability in
stability and temperature, small-scale
systems with rapid developments
are not uncommon. The most well
known examples of this are polar
lows but heavy precipitation (snow)
from convective systems, low-level
fronts and corresponding jets, and
mountain lee waves trapped under
an inversion, all cause problems for
meteorological forecasting.

In this article, we will first present
some of the meteorological
conditions that are particular to the
polar regions (with a focus on the
Arctic), consider some challenges
with regard to numerical weather
prediction, note the importance of
WMO Global Observing Systems (and
the EUMETNET Composite Observing
System, EUCOS) and, finally, briefly
describe some of the projects within
the IPY-THORPEX cluster.

Routine verification at the Norwegian
Meteorological Institute reveals that
the overall qualit y of numerical
weather prediction performance is
not as good in these high latitudes
as further south (see Figure 2). This
is probably because of the poorer
data coverage, as well as a higher
percentage of small-scale systems.

Meteorological
conditions and
challenges for
weather prediction
The area is data-sparse, at least for
conventional observations. Figure 1
shows the availability of surface and
radiosonde observations between

Polar processes may have a significant
impact on weather phenomena at
high and middle latitudes in Europe.
The combination of Greenland’s high
topography and the data-sparse area
of northern Canada make these areas
sources of surprise developments
w hic h may af fe c t Europ e w ith
relatively short lead times. Klinker
and Ferrant (2000) investigated the
relatively poor performance of the
European Centre for Medium-Range
Weather Forecasts (ECMWF) model
for the summer of 1999 as compared
with the summer of 1998 and showed
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Figure 1 — SYNOPs (left panels) and TEMPs (right panels) received at Main Telecommunication Network centres during the period
1-15 October 2005 in the Arctic (upper panels) and the Antarctic (lower panels)
that analysis errors in the polar area
can have a detrimental impact on
forecast skill over Europe. The result
is likely to be dependent on the flow
conditions. For the period they
considered, a strong baroclinic flow
extended from Greenland over the
North Atlantic into Europe.
This influence between high- and
mid-latitude weather phenomena
is not only flow-dependent but also
reciprocal. Adjoint sensitivity studies,
as exemplified by Figure 3, indicate
that disturbances (or initial condition
errors) originating in lower latitudes
can rapidly amplify while propagating
into polar regions. These studies will
be indispensable for the strategic
planning of next-generation upperair and space-based observation
networks.
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Figure 2 — RMS error of mean sea-level pressure forecasts with the Norwegian limited
area model system (HIRLAM) over a two-year period; the Barents Sea in red and the
North Sea in blue

Figure 4 is a typical result from a
state-of-the-art limited-area model.
Superimposed on the mean sea-level
pressure contour lines is a satellite
picture showing that the central area
of the synoptic scale low actually
consists of a number of smaller-scale
vortices. The forecasting challenge in
situations such as these is to decide
which of the local vorticity maxima
will intensify, in which direction and
at what speed they will move and
how strong the corresponding winds
will be.

Figure 3 — Example of adjoint sensitivity map, based on the 10 leading singular vectors
(SVs) for the case of 5 January 2005. SVs were calculated using the Canadian Global
Environmental Multiscale (GEM) model and an optimization time of 48 h. At initial time,
the global total-energy norm was used and, at the final time, the total energy norm was
restricted to latitudes larger than 70°N. The 48-h forecast error was projected on the
leading 10 final-time SVs, to define the linear combination of SVs that best explains
the forecast error at that time. This figure shows the total energy (in J/kg) of this linear
combination of SVs at initial time and indicates the spatial distribution of the most rapidly
growing component of initial condition errors that will impact the 48-h forecast north of
70°N (Figure prepared by Ayrton Zedra).

Figure 4 — Forecast mean sea-level pressure from the operational HIRLAM model at the
Norwegian Meteorological Institute valid at 03 UTC 23 January 2003

Simple linear baroclinic theory (small
perturbations on basic flow) shows
that maximum growth in polar regions
may occur for much smaller horizontal
scales than at middle latitudes. This
is caused by a low tropopause, low
static stability and a relative large
Coriolis parameter. Most polar lows
will, however, develop as a finite
disturbance mechanism (Montgomery
and Farrel, 1992), where a disturbance
(e.g. a potential vorticity maximum) at
upper levels interacts with a low-level
baroclinic zone. Due to large contrasts
in low-level characteristics (open sea,
ice-covered sea, snow-covered land,
“warm” and cold ocean currents,
etc.) there are ample possibilities
for interactions with transient upperlevel polar vortex PV maxima. Release
of latent heat from convection comes
as an additional energy source to
baroclinic instability.
It is therefore necessary to have
high resolution, as well as good
parameterization of physical processes
in order to simulate these phenomena
properly. Unfortunately, numerical
weather prediction models seem to
have problems at high latitudes. The
ECMWF model, for instance, has been
compared to measurements taken
during the SHEBA campaign and
there are large differences between
modelled and observed quantities
(Figure 5). This is of some concern,
since the transition of low-level air
due to strong heat and moisture
fluxes in cold air outbreaks is an
important factor for preconditioning
the atmosphere to be favourable for
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Figure 5 — Modelled and observed heat flux (a) and stability (b) November-December
1997 from the SHEBA programme: stability is defined as the difference in potential
temperature between 300 m and 2 m (from Beesley et al., 2000) .
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For a correct description of radiative property schemes and for the
parameterization of microphysics, the
fraction of cloud water content in its
various phases needs to be described.
Present schemes seem to have problems in describing the (surprisingly)
high liquid-water content found even
at low temperatures (Figure 6).
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•

Global Observing System of the
World Weather Watch (GOS /
W W W)—physical parameters
of the atmosphere;

•

G l o b a l A t m o s p h e r e Wa t c h
(GAW)—chemical parameters
of the atmosphere, including
ozone;

•

Global Ocean Observing System
(GOOS)—physical, chemical and
biological parameters of the
ocean;

•

World H ydrologic al C yc le
Observing System (WHYCOS),
part of the Global Terrestrial
Obser ving System (GTOS)—
hydrological cycle parameters;
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Figure 6 — The relationship between cloud base temperature and condensate phase as
inferred from the depolarization ratio (del). Reading vertically from a given temperature
on the horizontal axis, the distance to the solid line is the fraction of clouds that are
liquid, the distance between the solid line and the dashed line is the fraction of clouds
whose phase is ambiguous, and the remainder are ice clouds. The dotted line represents
how cloud condensate is partitioned between liquid and ice as a function of temperature
in the ECMWF model (scale on right).
•

GCOS Terrestrial Network for
Permafrost (GTN-P) and GCOS
Terrestrial Net work for Glac ie r s ( GT N - G ) —c r yo s p he r e
parameters.

They will all contribute in a significant
way during the IPY. The WWW Global

Observing System during the IPY will,
in particular: re-activate existing and
establish new surface and upperair stations; increase the number of
drifting buoys; Voluntary Observing
Ships and Aircraft Meteorological
Data Relay flights; and use existing
and new operational polar-orbiting

satellite series, especially satellites
with capabilities for polar regions.

from nine countries with the following
main objectives:

The EUMETNET* Composite Observing System (EUCOS) will be an
important element during the IPY
and is involved in a number of ways.
The involvement will support the
goals of EUCOS in terms of improving regional numerical weather
prediction in the European domain
and, by implication, information on
how to improve observing networks
so that regional numerical weather
prediction can be improved. Additional funding has been allocated
to support observing related activities over and above the continued
operational delivery of observations
from the EUCOS programme in the
northern IPY region.

•

Explore the use of satellite data
and optimized observations to
improve high-impact weather
forecasts (for Polar THORPEX
Regional Campaigns (TReCs)
and / or provide additional
observations in real-time over the
WMO Global Telecommunication
System;

•

Bet ter understand physical /
dynamical processes in polar
regions;

These include additional AMDAR data
from E-AMDAR aircraft crossing the
IPY region; additional radiosonde
ascents from the E-ASAP fleet in
the area, predominately from Danish and Icelandic ships; additional
radiosondes from the land-based
radiosonde networks of EUMETNET
Members; data-qualit y monitoring services; and development of
a data targeting system within the
framework of the EURORISK-PREVIEW Programme sponsored by the
European Commission (to deliver
additional meteorological observations over key sensitive regions, to
better understand issues surrounding data targeting and facilitate future
services that might aid the more
accurate prediction and early warning of high-impact weather events
over Europe and reduce forecast
uncertainties).

The IPY-THORPEX
cluster
The IPY-THORPEX cluster currently
comprises 10 individual IPY projects

* EUMETNET is a net work grouping
22 European National Meteorological
Services (as of 31 August 2007).

•

Achieve a better understanding of s mall - s c ale we a ther
phenomena;

•

Utilize improved forecasts to the
benefit of society, the economy
and the environment;

•

Utilize the THORPEX Interactive
Grand Global Ensemble (TIGGE)
of weather forecasts for polar
prediction.

A Research and Implementation Plan
has been written to help coordinate
overall activities. The projects span
a number of scientifi c issues from
climate research to weather prediction.
In brief they comprise:

The Greenland flow
Distortion Experiment
The focus is upon Greenland tip jets,
air-sea interactions, barrier winds
and mesoscale cyclones—the field
campaign took place in February
2007 ( Ian Renfrew, University of East
Anglia, United Kingdom).

Storm Studies of the Arctic
Includes enhanced observations in
the eastern Canadian Arctic, gap
flow, air-sea interactions, orographic
precipitation, interaction of cyclones
with topography etc. (John Hanesiak,
Universit y of Manitoba, and
Ron Stewar t, McGill Universit y,
Canada).

Concordiasi
Infrared Atmospheric Sounding
Interferometer (IASI) assimilation
in the Antarc tic, assimilation
o f d r o p s o n d e s l a un c h e d f r o m
driftsondes, polar processes, the
circumpolar vor tex, using IASI
data for climate monitoring, stable
b oun dar y layer s, p olar c loud s
and ozone, etc. (Florence Rabier,
Météo-France).

Norwegian IPY-THORPEX
Optimization of new satellite data,
improved modelling of the latent
h e a t c y c l e , e x t r e m e w e a t h e r,
improved operational NWP, ensemble
simulations. (Jon Egill Kristjansson,
Univerity of Oslo, Norway).

Thorpex Arctic Weather and
Environmental Prediction
Initiative (TAWEPI)
Study of various aspects of Arctic
weather and the Arctic climate system
(snow processes, polar clouds, sea-ice
and ozone layer); develop and validate
a regional weather prediction model
and the use of satellite observations
over the Arctic. The research will
be done in various Canadian
provinces, through collaboration
between government, universities
and nor thern communities. The
research will also improve science’s
understanding of the Arctic and its
influence on world weather (Ayrton
Zadra, Environment Canada).

Greenland jets
W ill c onsider me s o c ale f low s,
including orographic disturbances,
mesocylones and surface fluxes.
(Andreas Dornbrack, German Aerospace Centre).

GREENEX
Considers forecasting of smallscale weather phenomena, including
ex tremes. Meso- and fine-scale
flows in the vicinity of orography
and sea ice and downstream weather
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development as well as scale interactions (Haraldur Olafsson, Iceland,
in cooperation with the German
Aeospace Centre).

Arctic Regional Climate Model
Intercomparison Project
Targeted observations from the North
Pole station over the Arctic Ocean;
feedback between the planetar y
boundary layer and meso-cyclones;
climate processes and feedbacks
within the coupled Ar tic climate
system (Klaus Dethlof f, AlfredWegener Institute, Germany).

Impacts of surface fluxes on
severe Arctic storms, climate
change and Arctic coastal
orographic processes
Includes studies of storm activity in
the western Arctic in the context of
surface fluxes from changing ice,
ocean and land-surface conditions.
Studies of coastal ocean processes
and assessment of severe weather
and climate factors that can impact
human communities (Will Perrie,
Bedford Institute of Oceanography,
Canada).

THORPEX are the role of Greenland
in terms of fl ow distortion and its
effect on local and middle-latitude
weather prediction, as well as the
thermohaline circulation in the
ocean; comparison of Arctic regional
climate models; exploration of the
use of satellite data and optimized
observations to improve high-impact
weather forecasts and improved
understanding of physical/dynamical
processes in polar regions with
emphasis on small-scale weather
phenomena.

Summary
The WWRP-THORPEX IPY projects
are expected to bring new knowledge
and understanding of meteorological
conditions and processes at high
latitudes. This includes understanding
the physics of small-scale systems
(e.g. polar lows) and the role of Arctic
mountain ranges such as in Greenland
and the role of high latitudes in the
climate system.

IP Y-T HO RP E X is s up p or te d by
EUCOS and ECMWF, which will
provide targeted runs and assimilate
observations from field campaigns.

Dedic ated in situ obser vations
may be mainly limited to the IPY
period, although it is hoped that
some “legacy” observations will
continue; it is clear, however, that
most of the future observations to
be used by numerical weather and
environment prediction will come
from satellites that have a unique
vantage point of the polar regions
atmosphere-ocean-ice systems. By
the combined use of available in situ
observations taken during the IPY
with remotely sensed observations
and better parameterization schemes,
it is expected that weather and
environmental forecasts will be
significantly improved.

As can be seen, these activities
are mainly focused on the Arctic
region. One of them, however, has
its focus on the Antarctic and one of
its aims is to validate and improve
the assimilation of Atmospheric
Infrared Sounder/IASI satellite data
in numerical models with emphasis
on polar latitudes. Other important
issues that will be investigated in IPY-

The development of new weather
and environmental prediction systems trough the WWRP-THORPEX IPY
projects will be a step forward in the
generation of meteorological, hydrological and ice information needed to
continuously monitor and forecast the
polar regions’ present environmental
state with unprecedented accuracy
that will permit quantification of their

THORPEX Pacific Asian
Regional Campaign (T-PARC)
Includes studies of extra-tropical
transition) and links between tropical/
mid-latitiude and polar weather
(David Parsons, National Center for
Atmospheric Research, USA).
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spatial and temporal variability on
a wide range of scales, from a few
hours to weeks.
These improvements in turn will
generate socio-economic benefi ts
for polar communities. This will
increase sustainabilit y of Arctic
communities, since the merging of
traditional Inuit and meteorological
knowledge of the evolving highlatitude climate and weather systems
will be facilitated. Another example
of an socio-economic advance is
t ha t o ur un d e r s t an d in g o f t h e
climatology and physic s of the
low-level wind field in the Arctic
will assist in the assessment of the
potential use of wind power instead
of burning fossil fuels in remote
nor thern communities. This will
contribute towards improving the
health of northern communities as
pollution will be reduced as well as
to a reduction in greenhouse gas
emissions.
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Match campaigns to measure
stratospheric ozone loss—a key
contribution to International Polar
Year 2007-2008
by Markus Rex* and Peter von der Gathen*

International Polar
Year 2007-2008
The year 2007 marks an important
event in geosciences—the 125th
anniversary of the first International
Polar Year ( IPY) 1882-1883. The
activities started during the first
IPY and its follow-ups in 19321933, in particular the International
Geophysical Year 1957-1958, laid the
ground for many important elements of
our current understanding of the Earth
system. To add to this tremendous
success and to build up momentum
to another ground-breaking research
activity, the international community
of geoscientists established IPY
2007-2008.
The focus on the polar regions
demonstrates the general notion that
we have made significant progress
in obser ving and understanding
the Ear th s ys tem b ut tha t our
understanding of many processes
in the polar regions is still limited by
the sparse amount of data available.
An impressive spectrum of activities
during IPY will address all aspects of
polar research from oceanography,
physics of the solid earth, and the
cryosphere to the atmosphere (http://
www.ipy.org).

* Alfred Wegener Institute for Polar and
Marine Research, Research Department,
Potsdam, Germany

Key elements of atmospheric research
during IPY are studies addressing
stratospheric polar ozone depletion—
one of the strongest anthropogenic
signals in the global climate system.
One of the largest research activities
in the polar stratosphere during IPY
is the Match activity.

Destruction of the
ozone layer in the
polar environment
The ozone layer is an impor tant
component of the global environmental
system. The absorption of harmful
solar ultraviolet (UV) radiation in the
ozone layer protects the biosphere
and heats the stratosphere. Thus,
changes in the atmospheric circula t ion an d in t h e e mi s s ion o f
anthropogenic subs tances that
affect the abundance of ozone in the
atmosphere have direct effects on
the global climate system. A detailed
understanding of the processes that
regulate the distribution of ozone in
the atmosphere is fundamental for
reliable climate predictions and for
estimating future UV levels at the
surface—an important parameter for
the biosphere.
Since the 1960s and 1970s, humankind
has emit ted large quantities of
chlorofluorocarbons (CFCs) and
bromine- containing compounds
(halons) into the atmosphere. In the
troposphere, these substances are

extremely stable and poorly reactive
and reach a local atmospheric lifetime
of centuries. However, from the
troposphere, they ascend slowly into
the stratosphere, where they break
down due to the presence of highly
energetic short-wave UV radiation
above the ozone layer.
The breakdown of CFCs and halons
releases chlorine and bromine
radicals, which destroy ozone very
efficiently. The ozone destruction
cycles involve a group of so-called
active chlorine compounds “ClO x”
(chlorine (Cl), chlorine monoxide
(ClO) and dichlorine peroxide (Cl2O2).
Fortunately, by rapid reactions of
these species with other trace species
in the stratosphere, the ClOx species
are tied into the inactive reservoir
species chlorine nitrate (ClONO 2 )
and hydrogen chloride (HCl), which
hardly damage the ozone layer. As
a consequence the stratospheric
abundance of ClO x is usually very
small.
At the current stratospheric
concentrations of total bromine in
the stratosphere, the bromine radicals
are only efficient in destroying ozone,
if ClO x is present at considerable
concentrations. Hence, the effect
of the CFC and halon emissions on
stratospheric ozone is very limited
in mid - and tropic al la titude s .
Here, significant ozone depletion is
limited to the highest reaches of the
ozone layer, where UV radiation is
sufficiently intense to trigger reactions
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that release significant amounts of
chlorine radicals from the longer-lived
reservoir species.
The situation is different in the polar
region. Inside the polar vortex—
an isolated low-pressure system
which forms each winter in the
polar stratosphere—temperatures
drop significantly. At temperatures
below approximately –78°C, polar
stratospheric clouds (PSCs) can
form (Figure 1). At the surface of PSC
particles, heterogeneous chemical
reactions take place, which can
completely convert the harmless
chlorine reservoir compounds back
into ClOx within a few hours. During
the following polar spring, ClOx then
destroy ozone in a catalytic cycle that
requires the presence of sunlight.
The presence of bromine radicals
allows a second catalytic cycle to
occur that, overall, makes the ozonedepletion process even more efficient.
For more than two decades, these
processes have led to the seasonal
occurrence of the ozone hole over the
Antarctic almost every spring (e.g.
WMO, 2007).
In comparison with the Antarctic,
the meteorological conditions in
the Arctic winter stratosphere are
substantially more variable and the
temperatures are usually considerably higher, leading to a less frequent

Figure 1 — Polar stratospheric clouds
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and less widespread formation of
polar stratospheric clouds. In the
early 1990s, it was unclear whether
comparable chemical processes
that were known from the Antarctic
would lead to ozone destruction in
the Arctic stratosphere. For dynamical reasons, the ozone field in the
Arctic is ver y dif ferent from the
Antarc tic and the signatures of
chemical ozone depletion are hard
to detect.
Several methods have been developed
to identify and quantify ozone losses
in the variable Arctic environment.
These include the Match method,
which was developed to measure
precisely the rate of chemical loss
of ozone in the polar stratosphere.
Since the early 1990s, anthropogenic
chemical loss of ozone was clearly
detected in a number of cold Arctic
winters. Detailed comparisons of
measured ozone loss rates and model
results show the large uncertainty
of our quantitative understanding
of the ozone loss process and the
critical role of large uncertainties in
key kinetic parameters that are needed
to calculate chemical ozone loss rates
with a chemical model. To advance
our quantitative understanding of the
ozone loss process and to provide
a bet ter basis for model-based
predictions of the future of the ozone
layer, an additional Match campaign is

currently taking place in the Antarctic
within the frame of IPY.

Quantifying
anthropogenic ozone
loss—the Match method
The ozone abundance above an
individual polar station changes
constantly, owing to variable transport
processes. Such dynamically caused
fluctuations mask anthropogenic
chemical loss and have to be separated
from any chemical ozone loss signal.
Instead of observing time series of
ozone at fixed locations (i.e. in a
Eulerian sense), the Match approach is
based on Lagrangian measurements.
The basic idea is to perform repeated
measurements in individual air
masses as they drift across the polar
cap and sometimes approach one of
many ozonesonde stations located in
the polar regions.
The principle advantage of this
procedure is that the advection terms
which dominate ozone changes in
the Eulerian framework disappear
in the Lagrangian formulation of
the continuity equation. The impact
of diffusion terms in the continuity
equation can also be limited by careful
selection of the observed air masses
based on properties of the flow.
Hence, changes in the concentration
of ozone during the interval between
two measurements can be attributed
to a chemical depletion. By a statistical
analysis of a large number of such
pairs of measurements, it is possible
to observe anthropogenic chemical
ozone depletion directly and to
measure chemical ozone loss rates
in situ.
In the Match approach, the
measurements are performed using
ozonesondes launched at many polar
and sub-polar stations. To identify
“Match events”—situations where
individual air masses are usually
probed twice at different stations—
trajectories are calculated, based
on data of the European Centre for

It was decided to continue the
Match activity based on two results
of research over the past decade.
Fir s t, the c onditions in the air
masses sampled by Match are well
characterized, hence the products are
particularly well suited for detailed
comparisons with highly constrained
model calculations. This allows a
close inspection of the degree of
our theoretical understanding of
the ozone loss process. Recently,
large uncertainties in our theoretical
understanding of the kinetics of
the relevant chemical processes
became apparent. Continued Match
measurements can help to provide a
better observational basis for reducing
these uncertainties.

Figure 2 — Illustration of the Match approach: red dots denote ozonesonde stations; the
blue line shows an example trajectory with sunlit parts in red.

Medium-Range Weather Forecasts
(Figure 2). For the 1991/1992 Arctic
winter, the Match events were identified
after some 1 200 ozonesondes were
launched during the winter without
real-time coordination (Rex, 1993;
von der Gathen et al., 1995). Since
the winter of 1994/1995, Match events
have been produced by triggering
several hundred ozone soundings per
winter in real-time coordination.
During a Match experiment, 300
to 600 ozonesondes are typically
launched at about 30 stations in
the northern hemisphere or at nine
stations in the Antarctic. Data from
satellites are also used. Because
of large vertical shear in the flow,
however, this is limited to satellite
sensors that can provide high vertical
resolution data (1-1.5 km or better.
Data from the Polar Ozone and Aerosol
Measurement missions, the Improved
Limb Atmospheric Spectrometer and
the SAGE (Stratospheric Aerosol and
Gas Experiment) satellites have been
successfully used. Match campaigns
have taken place in 10 Arctic winters

and one Antarctic winter (2003), not
counting the second Antarctic Match
campaign in the southern hemisphere
that is currently underway.
A number of impor tant steps in
ozone research rely on the Match
approach. Match found, for the first
time, unambiguous evidence of
anthropogenic chemical ozone loss
in the Arctic stratosphere. Further,
based on Match in situ data, it was
shown that sunlight is indeed needed
for the ozone loss process, which
confirms an important element of
our theoretical understanding of the
process. It was also demonstrated
that denitrification has the potential
to worsen ozone loss in the Arctic
if a winter is particularly cold (Rex
et al., 1997). Previously, this effect
was known only in the Antarctic
stratosphere. Multi-annual data from
the Match campaigns allowed the
sensitivity of Arctic ozone loss on
changes in climate—a key parameter
for future projections of polar ozone
loss in the changing atmosphere—
to be established.

Second, although warm and cold
Arctic stratospheric winters are driven
by internal variability of the climate
system, a tendency that the cold
Arctic winters became significantly
colder over the past 40 years has
been observed. This change in climate
conditions in the Arctic stratosphere
has contributed to large Arctic ozone
losses since the mid-1990s. It is unclear
whether the trend will continue in the
future and what the effect on Arctic
ozone might be. These two issues are
discussed in more detail below.

Quantitative
understanding of
the chemical ozone
loss process
A quantitatively correct theoretical
understanding of observed ozone loss
rates is indispensable for a reliable
forecast of the stratospheric ozone
distribution in a world of increasing
greenhouse-gas concentrations and
declining halogen loading. Models of
different degrees of complexity have
been developed to calculate ozone
loss rates for the air masses probed
during the Match campaigns. The
most robust statements about the
status of our present understanding
come from model runs in which
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The model calculations are based
on kinetic parameters which are
recommended by a panel of laboratory
chemists about every four years. From
observations of the balance between
ClO and chlorine peroxide (ClOOCl)
in the stratosphere, however, it was
deduced that the photolysis rate of
ClOOCl is larger (about 150 per cent)
than the currently recommended value
(Stimpfle et al., 2004). This value,
deduced from in situ observations,
is still within the uncertainty estimate
of the recommended value. Using the
larger value, the computed ozone loss
rate in the model increases further,
eliminating most of the remaining
discrepancies (Frieler et al., 2006;
WMO, 2007). These results triggered
new laboratory measurements of the
photolysis cross-sections of ClOOCl
(Pope et al., 2007). Interestingly,
the new and much improved
measurements report values nearly an
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One key assumption common to all
models concerns the total amount of
bromine species in the stratosphere.
For a long time, it was assumed that
only long-lived bromine species such
as methyl bromide and halons were
able to reach the stratosphere. Recent
observations of bromine, however,
suggest that a larger amount of
bromine is present in the stratosphere
than can be explained by long-lived
bromine species alone. This indicates
that a fraction of very short-lived
bromine species is also able to reach
the stratosphere. Increasing the level
of stratospheric bromine explains
about half the discrepancies between
calculated upper limits of ozone loss
rates and observations.

Ozone
column
loss [DU]Units)
Ozone
column
loss (Dobson

the degree of chlorine activation is
externally specified. This model setup allows the calculation of robust
upper limits of possible ozone loss
rates based on our current theoretical
understanding of the chemistry. It
turns out that, based on standard
assumptions, the calculated upper
limits are consistently about 20 per
cent smaller that the observed ozone
loss rates in cold Arctic Januaries
(Rex et al., 2004).
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Figure 3 — Variation of total ozone losses since the early 1990s
order of magnitude smaller than the
cross-sections that are derived from in
situ measurements and result in good
reproduction of observed ozone loss
rates. Based on the Pope et al. (2007)
cross-sections, our understanding of
the polar ozone loss process would
completely fall apart—a fact that
highlights the huge uncertainties
that are still present in our theoretical
understanding of one of the most
important anthropogenic processes
in the global atmosphere.

Ozone loss and
climate change
Figure 3 illustrates the interannual
variation of chemical ozone losses in
the Arctic since the beginning of the
1990s. The pronounced year-to-year
variability is much larger than the
impact of the gradual change of the
chlorine and halogen loading during
this time period. Rather, due to the
important role of the heterogeneous
reactions on polar stratospheric
clouds, ozone loss variability is mainly
driven by the pronounced variability
of the meteorological conditions. This
is demonstrated in Figure 4, where
ozone losses are shown versus VPSC.
(VPSC is a purely temperature-based
parameter, which, essentially, gives
the winter average volume when
the temperatures were below the

polar stratospheric cloud formation
threshold.)
From the slope of the compac t
empirical relation between ozone
loss and VPSC shown in Figure 4 the
sensitivity of Arctic ozone loss on
potential climate change in the Arctic
stratosphere can be derived. For the
current halogen loading, it turns out
that approximately 15 Dobson Units
of additional ozone loss per Kelvin
cooling of the Arctic stratosphere
can be expected. Figure 4 also gives
a comparison of the observational
data with a model based on standard
assumptions of the WMO Ozone
Assessment 2002. This model underestimated the climate sensitivity of
Arctic ozone loss by a factor of about
three. The model improvements
described above result in a substantial
improvement of the model’s ability
to reproduce the observed climate
sensitivity and hence an improved
forecast ability.
Figure 5 shows the development
of the parameter VPSC over the past
four decades (Rex et al., 2006; WMO,
2007). The warm winters which
define the lower envelope of the
variability show only small changes.
The risk of large ozone losses in the
Arctic or even the formation of an
Arctic ozone hole, however, depends
on the future development of the
conditions in the cold winters—the

Ozone column
Units)
Ozoneloss
loss(Dobson
[DU]
(Ca. 13–25 km, January to March)

150

probability of its continuing in the
future can be assessed.
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Figure 4 — Relation between total ozone loss and VPSC (temperature-based parameter,
giving the winter average volume, in which temperatures were below the threshold for
the formation of polar stratospheric clouds (PSC)). The value for the year 2007 (black
symbol) is based on preliminary data.

Observations during International
Polar Year will help to address the
issues described above. The concerted
action by innumerable scientists
from all over the world to better
explore the Arctic environment in all
its aspects is an exciting enterprise
and an unprecedented opportunity to
improve our understanding of many
aspects of these harsh but extremely
beautiful and interesting parts of our
planet.

FU-Berlin data

VPSC [km3]

60

Large ozone losses in some of
the recent Arctic winters were a
result of the long-term changes in
the distribution of V PSC and, thus,
a result of the long-term change
in climate conditions in the Arctic
winter stratosphere. Such large ozone
losses would not have occurred were
the meteorological conditions of the
1960s still present, even for today’s
high halogen load. Hence, a reliable
prediction of the ozone distribution
in the Arctic stratosphere for the
coming decades requires a better
understanding of the reasons for
these meteorological changes.

ECMWF ERA 15 data

40

20

Acknowledgements
0
1970

1980

1990

2000

Year
Figure 5 — Long-term evolution of VPSC over the past four decades

upper envelope of the variability.
The cold winters show a significant
tendency to have become colder over
the last four decades. The probability
for the coincidental occurrence of
such a trend in a random time series
is smaller than 10 -6 (Rex et al., 2006).
There are two possible explanations:
first, the trend is forced externally,
e.g. by the increasing greenhouse-gas
concentration in the atmosphere; or,
second, it is due to long-term internal
variability of the climate system
on a decadal time-scale. Indeed,

increasing levels of greenhouse
gases tend to cool the stratosphere
but the observed cooling during the
cold winters is much larger than can
be understood easily and would
require the existence of a dynamic
feedback mechanism. Investigations
of possible feedback mechanisms
and the role of decadal scale internal
variability of the Arctic stratosphere
are necessary and require global 3Dmodel studies. A better understanding
of the reasons for the obser ved
past trend is essential before the

We thank the numerous persons that
contributed to the Match activities by
providing or launching ozonesondes,
by providing meteorological data (e.g.
the European Centre for MediumRange Weather Forecasts) and derived
meteorological products and through
valuable scientific discussions over
the many years the activity has been
running. The international cooperation
that Match represents is possible thanks
to the dedication of the many individuals
involved—in fact, too many to be listed
here. We also thank many organizations
that funded these activities, particularly
European Commission’s Directorate
General for Research for support in a
number of projects.
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The chemical composition of
the polar atmosphere—the
IPY contribution
by Øystein Hov1, Paul Shepson2 and Eric Wolff3

The pristine polar
atmosphere?
The polar atmosphere is remote
from pollution sources of chemical
trace species. Its composition has
traditionally been seen as a clean
b a c kgr ound for mor e p ollu te d
air over the continents and their
adjacent marine areas. This view of
the polar regions as both clean and
simple has gradually changed over
the last decades, starting with polar
route aircraft pilots observing haze
and reduced visibility. Meanwhile,
polar stratospheric ozone depletion,
particularly strong in the Antarctic,
was discovered more than t wo
decades ago.
In the mid-1980s also, tropospheric
ozone-depletion events of a surprising
magnitude were discovered within
the Arctic boundary layer. Later, these
events were found to coincide with
the depletion of gaseous elementary
mercury. Equally unexpected has
been the finding that the snowpack
is a source of several photochemically
important chemicals, e.g. bromine,
oxides of nitrogen, nitrous acid and
formaldehyde, and that, in some
places, they dominate the chemistry
of the lowest parts of the atmosphere.

Both tropospheric ozone depletion
events and snow photochemical
emissions are seen around both poles,
and are indicative of unexpected
chemistry that is not directly related
to pollution, but whose effects might
be strongly altered by the changing
climate. The climate is indeed
changing in the Arctic and parts of the
Antarctic with a variability and trend
that are significantly larger than the
average for the globe. The area of sea
ice in the Arctic has been in decline
for more than two decades. The
chemistry within sunlit snowpacks
is surface mediated and a changing
polar surface is likely to change that
chemistry.

between climate, ozone depletion in
the stratosphere and the boundary
layer and the environmental changes
linked to the long-range transport
of pollutants (in particular, aerosols,
including persistent organic
pollutants). We need to understand the
system well enough that the effects of
future changes in climate and in the
relative proportions of snow, land and
ocean surfaces on the atmosphere,
with associated feedbacks, can be
quantified.

International Polar Year provides the
opportunity to organize, in an Earth
system perspective, an international
study of the chemical composition
of the polar atmosphere in both
hemispheres. Impor tant are the
exchange mechanisms and drivers
of exchange of chemic al tra c e
species between the atmosphere,
land surfaces, the oceans and snow
and ice surfaces, which depend on
the physical, chemical and biological
state of the Earth system components.
Attention is required to the coupled
local, regional and global spatial
scales and the coupling mechanisms

The Arctic and Antarctic present
rather different geographical and
dynamical situations. The Arctic
region consists of an ocean, often
covered in sea ice, and surrounded by
land masses at relatively high latitude.
During winter, the Arctic can have
rather high concentrations of longrange transported anthropogenic
p o llu t an t s , s in c e many o f t h e
removal mechanisms are dormant.
The Antarctic on the other hand is
a polar continent surrounded by
ocean (again covered in sea ice), but
with no inhabited land masses until
South America at 55°S and other
continents much further north. The
large distance to major pollution
sources, the outflowing katabatic
winds at low level and the isolating
nature of the atmospheric circulation
all combine to keep the Antarctic

1 Norwegian Meteorological Institute, PO Box 43 Blindern, NO-0313 Oslo, Norway
2	Purdue Climate Change Research Center, 503 Northwestern Ave., West Lafayette, IN 47907,
USA
3	British Antarctic Survey, High Cross, Madingley Road, Cambridge CB3 0ET, United
Kingdom

How remote is the
polar troposphere?
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relatively remote and clean. Ice-core
measurements show, for example,
that, in contrast to the Arctic, there
is not yet any significant increase in
the concentration in Antarctic snow
(and therefore air) of sulphate or
nitrate, although increased levels
of metals including lead have been
observed and, of course, Antarctic
ice cores have been a rich source of
information about the global increase
in trace gases such as carbon dioxide,
methane and nitric oxide (MacFarling
Meure et al., 2006).
Surface temperatures in the Arctic
can become very low, in particular
over snow and ice surfaces during
winter, leading to stable stratification
with frequent and persistent surface
inversions that reduce the exchange
of air between the surface and the
troposphere above. Under such
conditions, the removal at the ground
of atmospheric pollutants is inhibited,
extending the lifetimes of species that
are removed via dry deposition. This
applies, for example, to atmospheric
aerosols, ozone, sulphur dioxide,
nitrogen dioxide and nitric acid.
The weak exchange with air above
also partly explains why processes on
the ground, such as ozone depletion
events and photochemical production
in snow, have such a strong effect on
the boundary layer chemistry. Slow
vertical mixing tends to enhance the
rate of ozone depletion in the near
surface layer, since it is a function of
[BrO] 2 ; the latter decreases rapidly
with increased turbulence. Slow
mixing also slows mixing of ozone rich
air from aloft down to the depleted
surface layer.
Precipitation amounts in the Arctic
are very low (annual precipitation
on Svalbard is 150-300 mm). This
means that wet scavenging is not
efficient and the lifetime for soluble
species like aerosols is longer than
on the continents to the south. Gasphase chemical removal of trace
compounds all but stops in the
Arctic atmosphere during the polar
night. In the absence of sunshine
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the production rate of the hydroxyl
radical, which is the main gas-phase
scavenger, is low. Also, in the sunlit
part of the year, the chemical lifetime
of trace compounds is relatively long
in the polar atmosphere (except in the
near-surface layer that is impacted by
snowpack photochemical processes),
due to the strong attenuation of
short wave visible sunlight as the
solar elevation is low and the low
specific humidity. All these factors
indicate that most gases and aerosols
have a longer lifetime in the polar
atmosphere than at lower latitudes.
There are, however, exceptions for
species that specifically react with
halogen atoms /radicals, such as
gaseous elementary mercury.
The removal by chemistry, precipitation or dry deposition competes
with the efficiency of the exchange
of air between the polar atmosphere
and air at more southerly latitudes.
In the absence of diabatic heating or
the release of latent heat, transport
processes are adiabatic and follow
isentropic surfaces. Such surfaces
form closed domes over the Arctic
with minimum values in the Arctic
boundar y layer, as explained by
Iversen (1984) and Stohl (2006). Most
pollution source regions are too warm
to allow isentropic pollution transport
along the surface into the Arctic.
Northern Eurasia during winter is the
most likely source region for Arctic
pollution (e.g. sulphur dioxide and
sulphate aerosol) and, in this case
also, diabatic cooling can take place
during transport over snow-covered
surfaces. Transport from northern
Eurasia into the Arctic takes place
in blocking situations where the
prevailing flow direction from the
west towards the east is replaced by
meridional transport with a strong
n or t h - s ou t h c om p on e n t . S u c h
transport is highly episodic.
North American pollution is often
heated diabatically through frontal
advec tion (“warm c onveyor
belts”) and brought into the Arctic
free troposphere well above the

boundary layer. South-East Asian
sources are found at even higher
potential temperature and episodic
pollution events, involving man-made
emissions or desert dust, can be
found as elevated polar atmosphere
haze layers. A climatological study
(Stohl, 2006) shows that air masses
north of 80°N and near the surface
reside there on the average about
one week in winter and two weeks in
summer, corresponding to a higher
probability of meridional transport
in winter/spring than in the summer.
The average residence time decreases
rapidly with height to about three days
on average in the upper troposphere.
In the most isolated parts of the
Arctic, air is exposed to continuous
darkness for an average 10-14 days
in December.

Long range transport
of air pollution
into the Arctic
The discovery and start of intensive
scientific investigation of polar
atmospheric pollution coincided with
the decade (the 1980s) of maximum
anthropogenic emissions of sulphur
dioxide in Europe, North America
and the former USSR. The field
studies of the Arctic atmospheric
composition a quarter of a century
ago reflected this. A major surfaceand aircraft-based investigation of
the pollution load in the Norwegian
Arctic atmosphere was carried out
in the first half of the 1980s (Ottar
et al., 1986). It followed the spirit
of the report of the Organization
for Ec onomic C oop eration and
D e v e l o p m e n t (19 7 7 ) , w h i c h
documented the contribution of
continental European emissions to
acid deposition in Scandinavia. In
the Arctic study, it was found that
“The wintertime Arctic haze, with
concentration levels of man-made
pollutants which are comparable
to average concentrations over the
industrialized continents, is due to
pollutants emitted from sources
within the Arctic air mass.”
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the highest annual concentration
on record. The concentration trends
reflect the substantial decline in
sulphur dioxide emissions (resulting
from abatement in power plant
emissions), while, for the emissions
of nitrogen oxides, the benefit of
technology to reduce emissions to a
large extent has been compensated by
a growth in car traffic in particular.
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Figure 1 — Annual mean non-sea-salt sulphate aerosol concentrations for the
last 2-3 decades for rural measuring sites in a north-south transect of Norway and
Spitsbergen, starting at Birkenes (58°N), Kårvatn (62°N), Tustervatn (65°N),
Jergul (69°N) and Ny Ålesund, Svalbard (78°N) (Aas et al., 2006).
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Figure 2 — Annual mean aerosol concentrations of the sum of nitrate and nitric acid for
the last 2-3 decades for rural measuring sites in a north-south transect of Norway and
Spitsbergen, starting at Birkenes (58°N), Kårvatn (62°N), Tustervatn (65°N),
Jergul (69°N) and Ny Ålesund, Svalbard (78°N) (Aas et al., 2006).

In Figure 1 (Aas et al., 2006) is shown
the annual mean non-sea-salt sulphate
aerosol concentrations for the last 23 decades for rural measuring sites
in a nor th-south transect across
Norway and Spitsbergen, starting
at Birkenes (58°N), Kårvatn (62°N),
Tustervatn (65°N), Jergul (69°N)
and Ny Ålesund, Svalbard (78°N).
There is a significant decline in
the concentrations with a factor
of four drop in the annual average
concentration in Ny Ålesund since
the early 1980s, reflecting the decline
in European and Eurasian sulphur

dioxide emissions (including volcanic
and natural marine emissions) in
Europe and the European part of the
Russian Federation and ship traffic
decreased from almost 50 Mt in 1990
to 21 Mt in 2004). In Figure 2, trend
curves are shown for the annual
average concentration of the sum
of nitrate aerosol and nitric acid.
The emissions of nitrogen oxides
changed from 28 Mt (as nitrogen
dioxide) in 1990 to 22 Mt in 2004.
At Ny Ålesund, there is no obvious
trend in the annual average airborne
nitrate concentrations and 2005 had

Rapid ozone and mercury
depletion events
In the mid-1980s rapid ozone depletion
events in the cold and stable polar
boundary layer were discovered at
Barrow in Alaska, at Alert in northern
C anada and in Ny Å le sund on
Svalbard (see Simpson et al., 2007 for
references). Ozone levels drop from
typical levels of more than 30 parts
per billion (ppb) to very low levels
and even below detection limits in a
matter of hours in events during the
spring. Such depletion events have
also been observed at coastal sites
in the Antarctic. Halogens have been
found to be involved in the depletion
process with a bromine radicalcatalyzed cycle involving bromine (Br)
and bromine monoxide (BrO) as the
most important one for the depletion
of ozone. Br+BrO-concentration levels
of the order of 40 parts per trillion (ppt)
(1 ppt = 1x10 -12) can be sufficient to
reduce ozone from 30 ppb or more to
virtually zero over a time period of the
order of a few hours (1 ppb = 1x10 -9 )
in the catalytic destruction process,
although the rapidity of many events
can also be ascribed to transport of
ozone-depleted air masses from over
the sea-ice zone to the measurement
site. A time series of air temperature,
total gaseous mercury and ozone
concentrations at Alert, Canada, in
1995, is shown in Figure 3.
It is believed that the main source
for reactive bromine (Br and BrO) is
bromide from sea salt that is released
via photochemical reactions known
as the bromine explosion reaction
sequence:
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HOBr + Br− + H+ → H2O + Br2
(multiphase reaction)
Br2 + hν → 2 Br
Br + O3 → BrO + O2
BrO + HO2 → HOBr + O2
net: H+ + Br− + HO2 + O3 → Br + H2O + 2 O2
(multiphase, photolytic process)

by Grannas et al. (2007). Carbonyl
compound and nitrogen oxide fluxes
have been measured in a number of
snow-covered environments and, in
some cases, the emissions significantly
impact the overlying boundary layer.
For example, photochemical ozone
production of 3–4 ppbv/day has been
observed at South Pole, due to high
hydroxil and nitrix oxide (even up to
1 parts per billion by volume (ppbv))
levels present in a relatively shallow
boundary layer. Field and laboratory
experiments have determined that
the origin of the observed oxides of
nitrogen flux is the photochemistry
of nitrate within the snowpack. Low
molecular weight organic compounds
are also emitted from sunlit snowpacks,
the source of which can be photooxidation of natural organic materials
present in the snow. The fundamental
chemistry occurring in snow packs
remains poorly understood, especially
for organic compounds. The role of
biological processes, that impact the
iodine chemistry, for example, is also
ill-defined at this time.

This chemistry ties to both chlorine
chemistry and snowpack emissions
of formaldehyde and nitrous acid,
as these are all important sources of
HOx which is needed to propagate the
bromine explosion, via hypobromous
acid (HOBr) production. Models have
been developed to explain the role of
bromine and iodine chemistry in the
mercury-depletion events. Gaseous
elementary mercury is converted to
a water soluble form of mercury with
a much shorter lifetime than that of
mercury, increasing the deposition
of mercury to polar ecosystems very
significantly. Elemental mercury is
re-emitted from the surface after
reduction of the deposited products,
and this may limit the magnitude of
the impact.

Polar atmospheric
chemical change
in the long term

Sunlit snow and ice play an important
role in processing atmospheric
species. Photochemical production
of chemicals occur in snow/ice and the
photochemically generated species
can subsequently be released to
the atmosphere. A review is given

IPY is an intensive study period that
will help improve the understanding
of the Earth system processes that
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control the exchanges of trace
chemical species inside the polar
atmosphere and their interaction
with the global Earth system and
the human community. The chemical
composition of the polar atmosphere
also strongly reflects the variability
and long term changes induced by
climate change and the underlying
changes in the biosphere, cryosphere
and oceans.
The term “tipping point” is used for
some of the greenhouse effects in the
Arctic (News feature in Nature, 15 June
2006, Vol. 441, 802-805), where tipping
point is taken to mean the moment
at which internal dynamics start to
promote a change previously driven
by external forces. One such tipping
point is related to the shrinking of
Arctic summertime sea ice at an
average rate of 8 per cent a decade
over the past 30 years (Stroeve et al.,
2007) and with a thinning of about one
metre in the period 1987-1997.
Open water reflec ts much less
sunlight than does ice and, as the ice
cover shrinks, more of the incoming
solar energy is absorbed in the Arctic
Ocean in the summer; there is a
greater heat flux from the ocean to
the atmosphere, resulting in a positive
climate feedback; and a reduction
in the likelihood of stable surface
inversions for the future. Changes
are induced in processes that are of
first-order importance for the polar
atmospheric physical structure, and
chemical and biological composition:
Ice-atmosphere interaction including
ice-based photosynthetic plankton;
the stability of air near the ground; and
the presence of sea ice as a source
of halogens.
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Figure 3 — Time series of air temperature, total gaseous mercury (TGM), and ozone
concentrations at Alert, Canada, in 1995. Adapted by A. Steffen from Schroeder et al.
(1998) with permission from Macmillan Publishers Ltd., Nature, 394, 331-332, copyright
1998.

266 | WMO Bulletin 56 (4) - October 2007

The decrease in ice area also seems
to warm the atmosphere with a
rise in Arctic surface temperatures
in particular in the springtime. In
20 06, Svalbard experienced an
unprecedented heat wave, when
Januar y was warmer than ever
before and April was more than
12°C warmer than the long-term
average. In April-May 2006 there was

an extraordinary pollution event on
Svalbard with record high pollution
levels measured on the Zeppelin
mountain station of Ny Ålesund on
the west coast of the Archipelago
(78°N latitude) (Stohl et al., 2007). The
hourly ozone concentration reached
83 ppb, up from 61 ppb as the highest
concentration until then in the 19892006 period.
The aerosol number density showed
an increase in accumulation mode
particles and a complete absence of
Aitken particles, while, under normal
circumstances, the aerosol number
density distribution would have new
particle formation within the Aitken
mode. The particulate matter mass
reached 29 µg/m3 on a 24-h basis,
more than one order of magnitude
higher than just before or after the
episode and with a dominating
organic matter fraction (60 per cent
by mass compared to 4-9 per cent
in the preceding weeks), reflecting
the dominating contribution to
the pollution event by smoke from
agricultural burning in eas tern
Europe.
Two other tipping points are closely
related to the Arctic: the possible
loss of the Greenland ice sheet
and its associated change in sealevel, and changes in thermohaline
circulation, which could be related
partly to changes in freshwater in the
Arctic. Both these points would have
global effects, including atmospheric
chemical feedbacks in the Arctic.
More frequent high-latitude forest
fires in the boreal forest zone with
large carbon stocks may impact the
polar atmospheric composition and
climate in the long term. Fire frequency
and intensity are strongly sensitive
to climate change and variability
and to land-use practices. Over the
last century, trends in burned area
have been largely driven by land-use
practices, through fire suppression
policies in mid-latitude temperate
regions and increased use of fire
to clear forest in tropical regions
(for references, see IPCC Fourth

Assessment Report, 2007, page 527
Denman et al., 2007). The Fourth
Assessment Report also discusses
evidence that climate change has
contributed to an increase in fire
frequency in Canada. The decrease in
fire frequency in regions like the USA
and Europe has contributed to the land
carbon sink there, while increased fire
frequency in regions like Amazonia,
South-East Asia and Canada has
contributed to the carbon source. At
high latitudes, the role of fire appears
to have increased in recent decades:
fire disturbance in boreal forests
was higher in the 1980s than in any
previous decade on record. In the
future, the carbon dioxide source from
fire can increase (Fourth Assessment
Repor t, IPCC, 20 07, Chapter 7) .
High-latitude biomass burning is of
particular significance for the polar
atmosphere as the smoke has a high
black carbon content. A thin layer
of light absorbing dark aerosols can
heat the Earth-atmosphere system,
in particular above surfaces of high
solar albedo such as ice and snow.
In winter, haze layers are important
for the radiation budget through their
direct and indirect control of the
infrared part of the spectrum. Black
carbon deposition to ice and snow
surfaces has the same effect. Forestfire emissions thus not only can change
the polar atmospheric composition in
episodes, but can also trigger more
long-lasting changes in the radiation
balance and stratification of the lower
polar atmosphere, as well as impact
the surface albedo. In addition to
these major “tipping points”, there
are also chronic changes in the
environment that can have feedbacks
to the atmosphere. Increasing carbon
dioxide with associated increase in
ocean bicarbonate and lower pH
has significant impacts on marine
biota. As an example, changes in
carbon dioxide have been shown to
significantly impact coccolithophore
development (Riebesell et al., 2000).
How such impacts in turn af fect
biogenic emissions, e.g. of dimethyl
sulphide , is as yet quite unclear. But,
as sea-ice extent continues to decline,
biogenic emissions in the Arctic are

likely to become more important
to atmospheric composition and
chemistry.
Summarizing, the polar atmospheric
chemistry responds significantly to
major climate-change-controlling
processes: Arctic sea-ice extent; the
stability of the Greenland ice cap;
the freshwater run off to the Arctic
ocean and other changes in ocean
properties; and the prevalence of
biomass burning in particular at high
latitudes.

Polar atmospheric
chemistry studies
during IPY
IPY provides the oppor tunit y to
organize an international study of
the chemical composition of the polar
atmosphere in both hemispheres, in an
Earth system perspective. The project
“Polar study using aircraft, remote
sensing, surface measurements and
models, of climate, chemistry, aerosols
and transport (POLARCAT)” will carry
out a series of aircraft experiments at
different times of the year to follow
pollution plumes of different origin as
they are transported into the Arctic
and to observe the chemistry, aerosol
processes and radiation effects of
these plumes. It will also observe the
atmospheric composition in relatively
c leaner r e gions out side major
plumes. The experiments will take
advantage of the long residence times
of pollutants in the stably stratified
Arctic atmosphere to study aging
processes by targeting air masses
that have spent considerable time
in the Arctic. The Arctic will, thus,
also serve as a natural laboratory for
investigating processes that cannot be
studied elsewhere in such isolation.
See http://www.polarcat.no/polarcat
for more details.
The Ocean-Atmosphere-Sea Ice-Snowpack (OASIS) mission, see http://www.
oasishome.net/Docs/Science%20Plan%2
0version%202.2.pdf aims to determine
the importance of chemical, physical
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(X = Cl, Br, I)

and biological exchange processes
in the ocean-atmosphere-sea icesnowpack system on tropospheric
chemistr y, the cr yosphere, and
the marine environment and their
feedback mechanisms in the context
of a changing climate. The overarching
questions are:
•

•

•

•

•
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hν
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frost flowers

Sea ice

What are the impacts of
atmosphere-sea ice-snowpack
on exchange processes on the
marine cryosphere (ice/snow) and
the underlying polar ocean?
What is the relationship of atmosphere-sea ice-snowpack
exchange processes with the
chemistry, physics and biology of
airborne gases, airborne particles
and cloud/snow formation?
Environmental pollution :
what is the impact on, and by,
atmosphere-sea ice-snowpack
exchange and the role of long
term changes?

Figure 4 illustrates how OASIS is
directed to the study of the processes
that modify biogeochemical fluxes
between the atmosphere, the ice and
ocean surfaces.
Air-Ice Chemical Interactions (AICI)
(http://classic.ipy.org/development/
eoi/proposal-details.php?id=20) is set
up to determine how the snowpack
over the polar regions controls the
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What is the nature of feedback
loops between atmosphere-sea
ice-snowpack exchange processes
and global climate change?
What are the fundamental physical,
c h e mi c a l a n d b i o l o g i c a ll y mediated mechanisms of
atmosphere-sea ice-snowpack
exchange processes involving
halogens, dimethyl sulphide,
oxides of nitrogen, ozone, volatile
organic compounds, persistent
organic pollutants, mercur y,
sulphur constituents, particulate
matter and carbon dioxide in the
polar regions?
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Figure 4 — Illustration of how OASIS is directed to the study of the processes that modify
biogeochemical fluxes between the atmosphere, the ice and ocean surfaces
(http://www.oasishome.net/Docs/Science%20Plan%20version%202.2.pdf).

chemistry of the lower atmosphere:
Halogen chemistry over the sea ice
zone depletes boundary layer ozone,
and causes mercury deposition. Snow
photochemical production alters
the nitrogen oxide chemistry and,
in some cases, the oxidation state
of large parts of the polar boundary
layer. Persistent organic compounds
undergo a distillation which leads
to their deposition in polar regions.
Biochemical processes in open leads
play a major role in the formation of
cloud condensation and ice-forming
nuclei. Through cloud formation, this
process may play a vital role in icealbedo climate feedbacks. AICI will
contribute to the assessment of how
these processes may change with
a warming climate and shrinking
cryosphere. In this context, IPY offers
the opportunity to determine the
spatio-temporal pattern of chemistry
and processes from the ice surface
through the boundary layer, including
cloud formation, by linking various
field activities in both polar regions
carried out in the same year. AICI-IPY
will provide an overall framework,
arrange supporting laboratory and
modelling studies and integration
of remote-sensing data and organize
synthesis meetings. AICI-IPY will also
coordinate the publication of major
reviews of polar air-surface exchange
and c hemis tr y pr o c e s s e s, and

demonstrate how IPY has improved
our understanding of connections
bet ween a changing climate, a
changing surface and atmosphere.
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Observing the polar oceans
during the International Polar
Year and beyond
Title
by Colin Summerhayes1, Bob Dickson2, Mike Meredith3, Peter Dexter4
and Keith Alverson5

Introduction
Leaving behind a legacy is a key aim
of the International Polar Year (IPY)
2007-2008 (Allison et al., 2007). One of
the key legacies from the International
Geophysical Year (IGY) of 1957-1958
was the establishment of a network
of bases in the Antarctic that would
provide springboards for a greatly
enhanced programme of exploration
of the interior of the continent. Most
of these bases are still active today
and, as a result of the ever increasing
scientific interest in the polar regions,
they have been augmented with bases
emplaced by yet other nations that
were not participants in the IGY.
In the case of IPY 2007-2008, we will
be focusing on a different kind of
scientific legacy, the establishment of
observing systems for detecting and
monitoring changes in the ice/ocean/
atmosphere system at high latitudes
and for providing the data essential
for forecasting future change. This
difference of approach between the
IGY and the IPY has come about
through the massive increases in
robotics, automation, miniaturization,
communication and computing

power that have taken place in the
last 50 years, enabling us for the
first time to begin to sample hitherto
unsampled or ex tremely poorly
sampled regions like the polar oceans.
In the preparations for IPY, WMO, in
partnership with the International
Council for Science (ICSU) and
U N E S C O ’s I n t e r g o v e r n m e n t a l
Oceanographic Commission (IOC),
promoted the notion that Arctic
and Southern Ocean Obser ving
Systems should be key outcomes of
the investment in the IPY 2007-2008.
Parts of these oceans are difficult to
access for the six months of the year
that the sea’s surface is covered in sea
ice and are commonly hard to work
in because of high winds, high seas,
poor visibility, sub-zero temperatures,
24-hour winter darkness and the icing
of ships’ superstructures.
Yet, with automated approaches
combined with remote measuring
and communications systems such as
subsurface floats, moorings, gliders
and autonomous underwater vehicles,
automated devices deployed on other
autonomous platforms and advanced
underwater acoustic communication
systems, there is now vastly increased

potential to collect previously missing
in situ data for combination with the
now well-established satellite data.
Exploiting these potentials should
allow us to do routinely what has been
difficult to do before—to make inwater measurements year-round, and
to make them beneath the sea ice.
In the Arctic, the idea is to develop
and sustain an integrated Arctic
Ocean Observing System (iAOOS),
while, in the Antarctic, a Southern
Ocean Observing System (SOOS) is
planned. Both iAOOS and SOOS will
provide knowledge, understanding
and prediction: knowledge of the
state of the system at any one time;
understanding of the processes at
work; and the ability to combine that
knowledge and understanding in
advanced numerical models to predict
change. These two new systems will
contribute directly to the Global Ocean
Observing System, sponsored by IOC,
WMO and UNEP, and through that the
Global Climate Observing System
(GCOS), for which GOOS provides
the ocean component. GOOS and
GCOS are in turn components of the
Global Earth Observing System of
Systems (GEOSS), providing advice to
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global policy-makers. Neither iAOOS
nor SOOS is a regional GOOS body;
rather, they are technical designs
for implement ation by nations
working together or separately, as
appropriate.
Obser vations of the Arc tic and
Southern Oceans will be made by
a diverse array of tools, including—
and expanding on—the observing
methodologies developed by the ocean
research community, and deployed
and c oor dina te d op er a tionally
under the Joint WMO/IOC Technical
Commission for Oceanography and
Marine Meteorology (JCOMM), which
includes, for example, operations by
ships, by drifting and moored buoys,
and by sea-level stations.
The development of ocean observing
systems for the polar oceans is
complementary to the establishment
of a Global Cryosphere Watch (GCW),
which was proposed to, and welcomed
by, Fifteenth World Meteorological
Congress. The concept of GCW is
based on the recommendations of the
Integrated Global Observing Strategy
(IGOS) Theme on Cryosphere (CryOS)
recently developed by the World
Climate Research Programme (WCRP)
through its Climate and Cryosphere
project and the Scientific Committee
on Antarctic Research (SCAR). The
Theme repor t was approved by
the IGOS Partnership in May 2007.
It includes, among other things,
recommendations for the observation
of sea ice (for details see http://igoscryosphere.org).
The need for sustained and integrated
observing systems, especially in the
polar regions, where the effects of
global warming are happening more
rapidly than elsewhere, has been
recognized for well over a century.
It was the Austrian architect of
the First International Polar Year,
Carl Weyprecht, who first publicly
appreciated the need to study the
Earth as an integrated system and
that to do so we require “coordinated
and synchronized observations to
provide information on characteristics,

changes and the distinctive nature
of phenomena in space and time”
(Weyprecht, 1875). He was ahead of
his time.
Governments are keen to see the
s c ienc e c ommunit y t ake the se
developments forward. The Arctic
C ouncil Minis terial Mee ting of
26 October 2006 provided a mandate
for sus t ained Arc tic obser ving
networks by urging “all member
countries to maintain and extend
long-term monitoring of change in all
parts of the Arctic, and request[ing]…
efforts to create a coordinated Arctic
Obser ving Net work that meet s
identified societal needs”. The Antarctic
Treat y Consultative Meeting on
11 May 2006, resolved to urge Parties
“to maintain and extend long-term
scientific monitoring and sustained
observations of environmental change
in the physical, chemical, geological
and biological components of the
Antarctic environment; to contribute
to a coordinated Antarctic observing
system network during the IPY (20072008); and to support long-term
monitoring and sustained observations
of the Antarctic environment and the
associated data management as a
primary legacy of the IPY, to enable
the detection, and underpin the
understanding and forecasting of
the impacts of, environmental and
climate change”.

A Southern
Ocean Observing
System (SOOS)
The coordinated nature of
Antarctic and
sub-Antarctic change
Society’s ability to adapt to or mitigate
the threat of climate change requires,
first and foremost, an understanding
of how the climate system works.
The ocean stores immense amounts
of heat and of the greenhouse gas
carbon dioxide and moves both of
them slowly around the world, thus

influencing climate both regionally
and globally. The Southern Ocean
is the key connector in this global
circulation: it receives climate signals
from the rest of the world’s oceans
and exports the climatic imprint of
the Antarctic region. North Atlantic
Deep Water arrives with signals
from the Nor wegian- Greenland
and Labrador Seas. In the Antarctic
Circumpolar Current (ACC), the
world’s largest ocean current with
a transport of 130 million m3 /s, this
water is integrated with other deep
water into the Circumpolar Deep
Water (CDW). Under the influence
of the strong prevailing westerly
winds the surface waters are pushed
northwards, allowing CDW to well up
near the continent. On the continental
shelf it is cooled enough to become
dense and sink down the continental
slope, forming the Antarctic Bottom
Water (AABW) that aerates and cools
the abyssal layers of the world’s
oceans. Further north in the ACC,
processes involving the sinking of
surface waters lead to the formation
of Sub-Antarctic Mode Water and
the denser Antarctic Intermediate
Water. These water masses occupy
the region below the surface and
thermocline waters to a depth of
several hundred metres or more
and are known to be susceptible to
changes in climatic forcing, including
those of anthropogenic origin.
Understanding these oceanographic
processes and their connections with
the rest of the climate system is one
of the bases for predicting the timing,
magnitude and direction of future
change and therefore demands that
we monitor the physical properties of
the Southern Ocean (Figure 1).
Change is evident over much of
the Southern Ocean. Since the
mid-1960s, the east coast of the
northern Antarctic Peninsula has
warmed rapidly in summer, with nearsurface atmospheric temperatures
increasing by more than 2°C, leading
to the collapse of the two northern
sections of the Larsen Ice Shelf. The
warming is attributed to westerly
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Figure 1 — The global overturning circulation, showing the key linking role of the
Southern Ocean (Lumpkin and Speer, 2006)

winds becoming strong enough in
summer to carry warm maritime
air from the west over the barrier
presented by the Antarctic Peninsula.
Strengthening of the westerly winds
results from a shift of the dominant
meteorological pattern—the Southern
Hemisphere Annular Mode (SAM)—
into its positive phase, in which
surface pressures drop over the
Antarctic and rise in mid-latitudes.
The shift and the observed rapid
warming on the eastern Antarctic
Peninsula appear to be a response to
anthropogenic forcing by greenhouse
gases (Marshall et al., 2006).
It has been suggested that the
increasing SAM may have led to
a latitudinal shift and increase in
transpor t of the ACC (Fy fe and
Saenko, 2006). While there is good
observational evidence that the ACC
transport depends strongly on the
SAM on time-scales from days and
weeks (Aoki, 2002; Hughes et al., 2003)
to years (Meredith et al., 2004), it has
also been argued that the trend in
winds is more likely to result in a trend
in circumpolar eddy activity rather
than one in ACC transport (Meredith
and Hogg, 2006).
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Gille (2002, 2003) has shown that
in recent decades there has been
a large-scale warming of around
0.2°C within the deep waters of the
ACC. This was recently extended to
show that this warming is surfaceintensified, reaching as much as
+1°C at the surface (Gille, 2007).
Some of the warming could be
attributable to a southward shift of
the ACC current cores, essentially
reflecting a redistribution of heat
rather than an increase, though
other interpretations are possible.
For example, it could be explained
by an increase in eddy activity in the
Southern Ocean transporting more
heat southward towards the Antarctic
as a consequence of the strengthening
of the circumpolar westerly winds
(Meredith and Hogg, 2006; Hogg et
al., 2007).
Advanced numerical models can now
reproduce a warming comparable to
that observed in the Southern Ocean,
which is more rapid than elsewhere
in the world ocean. Analyses show
that the Southern Ocean would by
now be even warmer than it is but for
the masking effects of volcanic and
other aerosols (Fyfe, 2006).

Regional change is also observed in
the Southern Ocean. Robertson et
al. (2002) found that the warm deep
water (WDW) layer within the Weddell
Sea warmed by around 0.3°C. Boyer
et al. (2005) noted large decreases in
salinity south of 70°S in the Pacific
Sector of the Southern Ocean and
in the Weddell Sea. Freshening of
the Ross Sea has been detailed and
the Amundsen shelf and upper slope
freshened and cooled between 1994
and 2000 (Jacobs, 2006). These waters
include source waters for the AABW
of the Indian and Pacific sectors of the
Southern Ocean, which have shown a
consequent rapid freshening (Rintoul,
2007). Thompson and Solomon (2002)
attribute a regional decrease in ice
extent in the Weddell Sea/Antarctic
Peninsula area to an air-temperaturedriven ice retreat effect caused by the
shift in SAM. Continued decreases in
sea ice in that region are balanced by
an increase in sea ice in the Ross Sea
(Gloersen et al., 1992).
Warming on the west side of the
Antarctic Peninsula appears linked
to a decrease in sea ice in the adjacent
Bellingshausen Sea, where the
summertime surface and near-surface
ocean has warmed by more than 1°C,
faster than most other parts of the
world ocean. The sea has also become
more saline in summer. These changes
are both positive feedbacks, acting
to promote further decrease in ice
production and further atmospheric
warming. As the ocean warms only
near the surface, the cause is likely
to be meteorological, rather than
oceanic. Further warming may lead
to losses in species and populations
of marine biota (Meredith and King,
2005).
Modelling suggests that over the
nex t 80 –100 years, we are likely
to see the marginal sea-ice zone
warm during the winter by up to
0.6°C/decade. Sea ice is projected
to decrease by 25 per cent. Westerly
winds will s trengthen over the
ocean, mostly in autumn, but coastal
easterlies will weaken (Bracegirdle
et al., in press).

Southern Ocean
observations

•

In ice-free waters, the Argo float
programme deploys instrumented
floats that move through the ocean
at a depth of 1 000 or 2 000 m,
ascending every 10 days or so to
collect a vertical profile of temperature and salinity that is sent back
to base via satellite when a float
reaches the surface, upon which
the float repeats the cycle;

•

The reference buoy network of
stations at which measurements
are collected of ocean properties
through the water column at the
same site several times a year
to provide a picture of change
with time;

•

Observations made of the ocean
surface by remote-sensing from
satellites using instruments of
various kinds that can measure
changes in sea-ice extent and
characteristics, ocean surface
height (by altimetry), sea-surface temperature (by infrared
radiometry), sea-surface roughness (by scat terometr y) and
ocean colour (by visible wavelength radiometry).

JCOMM is responsible for coordinating
routine ocean observations in the
polar oceans and elsewhere as part
of GOOS, currently by the following
means:
•

•

The Voluntary Observing Ship
(VOS) programme measures the
properties of the ocean surface
and the lower atmosphere.
A subset of these data, with
associated extensive metadata, is
collected to the higher standards
required for climate observations,
through the climate subset of the
VOS, known as VOSClim;
The Ship of Oppor tunit y
Programme (SOOP) deploys
expendable bathythermographs
(XBTs), largely from research
and Antarctic supply vessels
on routes across the Southern
Ocean, to measure upper-ocean
heat content;

•

The Global Sea Level Observing
System (GLOSS) uses tide gauges
and the global positioning system
(GPS) to measure the height of
sea-level around the Arctic Basin
and at the coast of the Antarctic
and its offshore islands and uses
bottom pressure recorders to
measure the height of sea-level
above the deep sea floor of the
Southern Ocean;

•

The International Programme
for Ant arc tic Buoys ( IPAB ) ,
and the International Arc tic
Buoy Programme (IABP) (both
Action Groups of the Data Buoy
Cooperation Panel) deploy buoys
that drift with the currents at the
ocean surface, or on the sea ice,
and collect data on the properties
of the surface water and lower
atmosphere; elsewhere, other
DBCP Actions Groups, including
the Global Drifter Programme,
deploy buoys in the Southern
Ocean and near-polar regions of
all the other ocean basins;

T h e g l o b a l c lima t e m o d ul e o f
GOOS was 58 per cent operational
in May 2007 and is planned to be
fully operational by 2014, though
serious challenges to achieving this
goal remain (Alverson and Baker
2006). One of the most formidable
of these challenges will certainly be
achieving comprehensive coverage
of the remote Southern Ocean (see
Figure 2). Monitoring the Southern
Ocean is a formidable challenge,
because it is so geographically
remote, is such a harsh environment
in which to work—especially in
the southern winter—and is so far
away from major oceanographic
centres and shipping lanes. Much
more ef for t than is available at
present will be needed to expand
present observations into a viable
SOOS. Until that effort is made, the
Southern Ocean will represent a gap
in the knowledge required to predict
climate change accurately.
Within the IPY, Southern Ocean
physical observations will be made
by a variety of means, principally
through the IPY programmes given
in the table overleaf.

Figure 2 — Southern Ocean and Antarctic observations available in near real time,
23 July 2007
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IPY ocean programmes making physical measurements
(A = Arctic; B = Bipolar; S = Antarctic)
8 (S)
13 (B)
14 (A)
23 (B)
40 (A)
70 (S)
132 (S)
141 (S)
153 (B)
305 (A)
379 (A)

Synoptic Antarctic Shelf-Slope Interactions (SASSI)
Sea Level and Tidal Science
Integrated Ocean Observing System (iAOOS)
Atlantic Thermohaline Circulation (BIAC)
Developing Arctic Modelling and Observing Capabilities for Long-term
Environmental Studies (DAMOCLES)
Upper Ocean: Africa to Antarctica
Climate of Antarctica and the Southern Ocean (CASO)
Antarctic Sea Ice Processes and Climate (ASPeCT)
Marine Mammal Exploration of the Oceans Pole to Pole (MEOP)
Consortium for coordination of Observation and Monitoring of the
Arctic for Assessment and Research (COMAAR)
IPY Operational Oceanography for the Arctic Ocean and adjacent seas
(IPY Arctic GOOS)

IPY 8: Synoptic Antarctic
Shelf-Slope Interactions
Study (SASSI)
Involving a team of scientists from
11 countries, this project will measure the temperature, salinity and flow
speed of the water on the continental
shelf and slope, including under ice
environments, along short transects
across the Antarctic continental shelf
and slope (see Figure 3). This is something scientists know very little about
but the data are crucial for developing
better global climate models.
The few recent measurements we
have suggest that the water close to
the Antarctic is getting fresher. But
where is this extra freshwater coming
from? Only by measuring—especially
during winter—the proper ties of
the water and how fast it is flowing
will we be able to understand the
processes that are going on and
make sure that these are put into
our climate models correctly. There
has never been a concerted effort to
make measurements on the Antarctic
continental shelf and slope during the
winter. IPY is enabling everyone to
work together to make this happen,
by leaving instruments on the sea
bed and in the water for a year, even
when the ice is covering the sea
surface above them. Each nation is
going to deploy instruments so that a
circumpolar coverage can be obtained
for the first time. As well as gathering
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data during IPY, some of the SASSI
instruments will be left in place after
IPY, providing an important legacy for
future research.

IPY 13: Sea-level and tidal
science in the polar oceans

costly—impacts of climate change
on human societ y, so gathering
accurate data on sea-levels worldwide
is vitally important. Although sealevel is monitored at hundreds of sites
through the IOC-WMO Global Sea
Level Observing System, there are
large gaps in data from the Arctic
and the Southern Ocean because
measuring sea-level along remote
polar coastlines is a huge technical
challenge. By enhancing existing
sea-level gauges in the Antarctic
and installing new, high-tech devices
in the Arctic and on the Southern
Ocean islands that will provide highfrequency, real-time data, this project
will provide the missing piece of the
jigsaw for scientists monitoring sealevel rise across the globe. The same
sea-level data can also be used to
monitor changes in the circulation
of the high-latitude oceans, including
transport variability of the Antarctic
Circumpolar Current itself (Figure 4).
This, in turn, may provide clues as to
why sea-level is rising.

Sea-level rise will be responsible
for one of the most profound—and

Figure 3 — SASSI conductivity-temperature-depth recorder/Acoustic Doppler Current
Profiler sections and moorings planned for the IPY
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•

Improve climate predictions, from
models that incorporate a better
understanding of southern polar
processes;

•

Provide proof of concept of a
viable, cost-effective, sustained
observing system for the southern
polar regions (including ocean,
atmosphere and cryosphere);

•

Establish a baseline for the
assessment of future change.

Year

Figure 4 — Transport variability of the Antarctic Circumpolar Current (ACC) at Drake
Passage, as measured by the tide gauge at Faraday/Vernadsky on the Antarctic
Peninsula (middle line): the top line denotes the changing circumpolar westerlies over
the Southern Ocean, which drives the transport changes of the ACC; the bottom line
shows the corresponding transport changes in a global oceanographic model (from
Meredith et al., 2004).

IPY 23: Bipolar
Atlantic Thermohaline
Circulation (BIAC)
This international team of
oceanographers will embark on
expeditions to the Polar Oceans with
ice-going vessels to measure ocean
temperature, salinity and currents, ice
formation and distribution, especially
in the Barents Sea and Weddell Sea.
They will employ remote-sensing, as
well as bottom-anchored instrument
moorings to feed global numerical
models. The project will try to estimate
the impact of dense water formation in
the polar regions on the global ocean
circulation and climate. Ice-breakers
will be equipped with state-of-theart instrumentation for ocean and
sea-ice studies, especially those on
mechanisms, manifestations and
impacts of bottom water formation on
the bipolar Atlantic Ocean shelves.

IPY 70: Monitoring of the upper
ocean circulation, transport
and water masses between
Africa and the Antarctic
An Indian contribution
to CASO (see below)
Indian scientists will use expendable
bathythermograph/expendable con-

ductivity, temperature and depth
(XBT/XCTD) observations in the Indian
sector of the Southern Ocean to map
the present state and interannual
variability of the oceanic environment.
They will monitor the circulation, zonal
and meridional transport, surface
atmospheric heat budget and linkage
between Pacific and India Ocean, and
devise a framework for understanding
climate variabilit y. Year-to-year
variability will be monitored, using
repeated sampling from the Indian
Antarctic expedition’s logistic support
vessels sailing between Africa and
India’s Antarctic station, Maitri.
Additional hydrographic work will
be carried out in areas of water-mass
formation in the Ross and Weddell
Seas and sub-Antarctic zone.

IPY 132: Climate of
the Antarctic and the
Southern Ocean (CASO)
CASO aims to obtain a synoptic circumpolar snapshot of the physical
environment of the Southern Ocean
(collaboration with other IPY activities will extend the snapshot to
include biogeochemistry, ecology
and biodiversity). CASO also aims
to enhance understanding of the
role of the Southern Ocean in past,
present and future climate, including connections between the zonal

CASO involves a number of major
field programmes:
•

A circumpolar array of full-depth
multi-disciplinary hydrographic
sections and XBT/XCTD sections,
extending from the Antarctic
continent northward across the
Antarctic Circumpolar Current,
i n c l u d i n g k e y w a t e r- m a s s
formation regions;

•

An enhanced circumpolar array of
sea-ice drifters, measuring a range
of ice, ocean and atmosphere
parameters;

•

Profiling floats deployed throughout the Southern Ocean, including
acoustically-tracked floats in icecovered areas;

•

Current-meter moorings to provide
time series of ocean currents and
water-mass properties at key
passages, in centres of action of
dominant modes of variability,
and in areas of bottom water
formation and export;

•

Environmental sensors deployed
on marine mammals;
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•

Direct measurements of diapycnal
and isopycnal mixing rates in the
Southern Ocean;

•

Analysis of ice cores, sediment
cores and deep corals to extend
observations of Southern Ocean
variabilit y back beyond the
instrumental era;

•

Bottom pressure gauges near
Drake Passage to monitor ocean
currents, validate tidal models,
and improve regional corrections
to satellite altimeter products;

•

Automatic weather stations, flux
measurements in the boundary
layer and drifters to measure
atmospheric variability (pressure,
winds, heat and freshwater
flux).

IPY 153: Marine Mammal
Exploration of the Oceans
Pole to Pole (MEOP)
Collecting oceanographic data from
ice-filled polar waters is costly and
logistically challenging. Rather than
relying solely on human scientists,
this project uses beluga whales and
four seal species as ocean explorers
to collect information about the
conductivity (salinity), temperature
and depth (CTD) of Arctic and Antarctic
waters. By fitting state-of-the-art CTD
tags on dozens of these deep diving
marine mammals, scientists will be
able to gather a rich new dataset
that will extend our knowledge of
the world’s oceans as well as of the
behaviour of the top predators that
live in them.
MEOP will provide a unique source of
fundamental physical and biological
data from the polar oceans. Its
approach will complement efforts
in many other IPY projects and will
leave a legacy of useful biological
and ocean data, along with new
approaches to understanding the
interaction of marine predators and
their ecosystem. An example of the
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Figure 5 — Tracks of elephant seals tagged with instruments to record temperature and
salinity profiles in the Southern Ocean (from Biuw et al., 2007)
huge potential of this technology for
oceanographic observing systems in
the polar regions is given in Figure 5,
which shows the data coverage
obtained across the Southern Ocean
by this method during 2004-2006.

IPY 141: Sea-ice (ASPeCt)
The sea-ice programme will
establish a quantitative base for
circumpolar ice thickness to enable
comparison between ice thickness
dis tributions derived from ship
observations and those available
from validated satellite altimetric
obser vations. Antarc tic sea-ice
cover can then be quantitatively
evaluated for response to global
climate change in the future.
A p r in c ip a l l e g a c y w ill b e t h e
development of validated satellite
technology for sea-ice thickness
monitoring in the Antarctic that can
be used to elucidate interannual and
longer variability in Antarctic seaice cover after IPY.

An integrated Arctic
Ocean Observing
System (iAOOS)
The coordinated nature
of Arctic and subArctic change
W h e n t h e A t lan t i c w a t e r c or e
temperatures across the Arctic Ocean
are reconstructed over the whole of the
past century, as Polyakov et al. (2004)
have done (Figure 6), we find, to our
surprise, that, despite a very variable
data-density with time, each of the
main episodes in the hydrographic
history of the Norwegian Sea over
the past century (e.g. Dickson and
Osterhus, 2007) is represented. Thus,
as in the Norwegian and Barents
Seas ( see Helland Hansen and
Nansen, 1909), the series begins with
conditions of extreme cold around
the turn of the last century, recorded
by Nansen (1902) during the long

The implication of Figure 6 is that a
whole Arctic /sub-Arctic system of
change is involved here; that the subArctic seas have been a continuing
source of multi-decadal Arctic change
over the past century; that the same
complex of causes that drove these
changes in the Nordic Seas has
contributed to change in the Atlantic
water core temperature of the Arctic;
and that the input of warmth from the
Norwegian Sea to the Arctic Ocean
appears to be continuing. The Arctic
freshwater balance is also involved,
of course. Hakkinen and Proshutinsky
(2004) find that “changes in the Atlantic
water inflow can explain almost all of
the simulated freshwater anomalies
in the main Arctic basin”.
The fate of the Arctic perennial seaice cover is a central focus of the
International Polar Year and of many of
the research programmes contributing
to it—under s tandably so. Mos t
computer simulations of the ocean
system in a climate with increased
greenhouse - gas concentrations
predict a weakening thermohaline
circulation in the North Atlantic—
the so-called Atlantic Conveyor—as
the subpolar seas become fresher
and warmer (milestones for this
pr e dic tion might r un f rom the
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Figure 6 — Century-long comparison between the Atlantic Water Core Temperature
(AWCT) at subsurface depths of the Arctic Ocean, the normalized six-year running mean
temperature at 10 m depth at Ocean Weather Station Mike (66°N, 2°E) in the Norwegian
Sea and normalized North Atlantic sea-surface temperature anomalies for the region
bounded by 0°-90°N, 70W°-30°E (reproduced from Polyakov et al.,2004, with their kind
permission)
pioneering modelling work of Bryan
(1986) and Manabe and Stouffer (1988)
through the intermediate complexity
of Rahmstor f and Ganopolski
(1999), Delworth and Dixon (2000)
and Rahmstorf (2003) to the full
complexity of Earth system modelling
by Mikolajewicz et al. (2007)); and
the dwindling of sea-ice extent over
the past three decades (Figure 7)
will have made its contribution to
the vast outpouring of freshwater
from the Arctic to the Atlantic that
has taken place since the mid-1960s

8
Extent (million km2)

polar drift of the Fram. This is plainly
followed by a period of sustained
warmth after the 1920s, consistent
and concurrent with the “warming in
the north” that pervaded the Atlantic
northern gyre (reviewed in Dickson,
2002). Then a sharp re-imposition of
cooling in the late 1960s/early 1970s,
accompanying the passage of the
Great Salinity Anomaly around the
northern gyre and the associated
ex treme southeast ward shif t of
the Ocean Polar Front. Thereafter,
successive pulses of warmth spread
along the eastern boundary to produce
the warmest conditions of the century
in the Atlantic-derived sublayer of the
Arctic Ocean—an increase of ~9 per
cent in the heat content of the Atlantic
water core between the 1970s and
the 1990s, according to Polyakov et
al. (2004, 2005).

(Curry and Mauritzen, 2005). Second,
we can anticipate radical changes in
the ecosystem of the Arctic and subArctic seas following the retraction,
thinning and perhaps disappearance
of the perennial sea ice; the recent
Arctic Climate Impact Assessment
(ACIA) Report suggests that a 2.5fold increase in primary production
may result from the removal of light
limitation in areas presently covered
by perennial ice. Third, it seems likely
that the reduction in albedo of the
Arctic Ocean from > 0.8 to < 0.2 over

Time-series of September sea-ice extent
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Figure 7 — Northern hemisphere sea-ice extent in September, remotely measured from
passive microwave instruments, showing a long-term decline to a record minimum in
2005 (source: Mark Serreze and Julienne Stroeve, National Snow and Ice Data Center
(NSIDC), Boulder, Colorado, personal communication, July 2007). Though the estimate
for September 2007 is not yet complete, the ice extent of 4.42 million km2 reported by
NSIDC for 3 September 2007 is already so far below the previous minimum (5.32 million
km2 on 20-21 September 2005) that a new record absolute minimum seems highly likely
(see http://nsidc.org/news/press/2007_seaiceminimum/20070810_index.html).
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an area the size of Europe through the
projected total loss of the late summer
sea-ice cover will have some regionalto-global effect on climate.
With such a broad range of environmental and climatic effects, it is no
surprise that the major research
ef for ts in the Arctic during IPY,
such as the medium-term European
Commission (EC) DAMOCLES Project
(involving 45 research institutions
in 12 European countries and coordinated with Canada, Japan, the
Russian Federation and the USA),
the long-term US National Science
Foundation Study of Environmental
Arctic Change (SEARCH) and many of
the national research efforts such as
the United Kingdom’s Arctic Synoptic
Basin-wide Oceanography programme
(ASBO) and the Norwegian flagship
programme “iAOOS for Norway”
all draw their primary focus on the
present state and future fate of the
Arctic perennial sea ice. (It should
be noted that the integrated Arctic
Ocean Observing System is not a
funded programme in its own right
but a pan-Arctic framework designed
to achieve optimal coordination of
funded projects during the IPY. The
overarching structure is itself set up
to focus on the Arctic sea ice; see
Dickson, 2006.)
In this ar ticle, we have space to
provide only a brief summary of the
present extreme state of the warm
saline inflow passing poleward along
the boundary of the Nordic seas
before going on to describe plans
to understand the changing sea-ice
cover within the Arctic Ocean itself.

The recent spread of
extreme warmth along the
eastern boundary of the
Norwegian Sea and the
interconnected “system”of
processes responsible
Very recently, the temperature and
salinity of the waters flowing into the
Norwegian Sea along the Scottish
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shelf and Slope have been at their
highest values for >100 years. At the
“other end” of the inflow path, the
ICES Report on Ocean Climate for
2006 (ICES, in press) will show that
temperatures along the Russian Kola
Section of the Barents Sea (33°30’E)
have equally never been greater in
>100 years. Shorter records en route
and beyond, on the Norwegian arrays
off Svinoy (Skagseth et al., in press),
on the moored array monitoring the
Fram Strait (Schauer et al., in press)
and on Polyakov ’s Nansen and
Amundsen Basins Observational
System (NABOS) moorings at the
Slope of the Laptev Sea (Polyakov,
2005; 2007) have all remarked the
passage of this warmth; Holliday et
al. (2007) have described its continuity
along the boundary. It forms part of
the rationale for Overpeck’s statement
(2005) that “a summer ice-free Arctic
Ocean within a centur y is a real
possibility, a state not witnessed for
at least a million years”.
Why? What is driving extreme change
through the system? Satellite-based
obser vations seem to provide a
plausible explanation: during the
whole TOPEX-POSEIDON era (since
1992) as the Labrador Sea water
warmed (Yashayaev et al., in press),
altimeter records reveal a slow rise
in sea-surface height at the centre of
the Atlantic subpolar gyre, suggesting
a steady weakening of the gyre
circulation (Hakkinen and Rhines,
2004, and in press). This weakening
is accompanied by a west ward
retraction of the gyre boundary, which
appears to have operated as a kind of
“switchgear” mechanism to control
the temperature and salinity of inflow
to the Nordic seas (Hatun et al., 2005).
By that mechanism, when the gyre
was strong and spread east (early
1990s), the inflows recruited colder,
fresher water direct from the subpolar
gyre but when the gyre weakened
and shifted west (as in the 2000s),
the inflows to Nordic seas were able
to tap warmer and saltier water from
the subtropical gyre, explaining the
recent warmth and saltiness of inflow
of Atlantic waters into the Norwegian

Sea. Thus, although the local and the
short-term have certainly played their
part west of Norway—the speed of
the Atlantic Current is locally stormforced (Skagseth et al., in press)—the
ultimate source of the obser ved
changes in the Arctic Ocean appears
to lie in a whole system of interactions
of the polar and subpolar basins. Near
and remote, short-term as well as
long-term controls have been involved
in providing the Polar Basin with a
steady supply of increasingly warmer
water through sub-Arctic seas.
We have only just begun to glimpse
evidence of this “system” in our
obser vations. But model results
also seem to vindicate the view that
it is the whole full-latitude system
of exchange bet ween the Arctic
and Atlantic Ocean—not just spot
“examples” of it—that has to be
addressed simultaneously if we are
to understand the full subtlety of the
role of our northern seas in climate.
As Jungclaus et al. (2005) conclude
from their experiments using the
Hamburg models ECHAM5 and
MPI-OM, while “the strength of the
[Atlantic] overturning circulation is
related to the convective activity in
the deep-water formation regions,
most notably the Labrador Sea, … the
variability is sustained by an interplay
between the storage and release of
freshwater from the central Arctic and
circulation changes in the Nordic seas
that are caused by variations in the
Atlantic heat and salt transport”.

The iAOOS ‘vertical
stack’ of observations in
the Arctic Ocean—from
satellites to seabed
Direct observations of the sea ice and
its controls within the Arctic Ocean are
a fundamental component of iAOOS
and its component programmes.
Recently, as Figure 7 demonstrates,
we have seen strong indications of
radical changes in the extent and
thickness of Arctic sea ice (e.g.
Comiso, 2002; Rothrock et al., 2003;
Serreze, 2003) but the processes

floats operating accurately at constant
pressure will carry upward-looking
sonar to further validate satellite
estimates of ice-thickness, while a small
scatter of bottom pressure gauges
moored across the Arctic deep basins
(Figure 8) will provide the necessary
ground truth to derive estimates of the
Arctic Ocean circulation from remotely
sensed measurements of sea-surface
height.

Figure 8 — Schematic of the vertical stack of observations from satellites to seabed
thought necessary to inform an iAOOS study focused on the present state and future fate
of the Arctic perennial sea-ice (for further details, see Dickson, 2006).

driving these changes are far from
clear. In the Arctic Ocean itself, under
the iAOOS initiative, soundings of the
atmosphere, sea ice, ocean surface,
and terrestrial snowcover involving
satellites, surface ships, manned ice
camps, autonomous ice-tethered
platforms (ITPs) and IABP/ICEX buoys
(Figure 8) will together provide a new
and coordinated way of studying
the state and fate of the Arctic ice
and its role in European and global
climate.
The “atmospheric” objectives of
the DAMOCLES Project will enable
us to better detect Arctic cyclones
and to quantify their contribution to
the transport of heat and moisture;
to understand and model boundarylayer processes and turbulent fluxes in
the atmospheric boundary layer over
the Arctic Ocean; to understand and
model the formation and life cycle of
Arctic clouds, the radiative transfers
through the Arctic atmosphere and
their interaction with the snow/ice
surface albedo. Satellite laser and
radar altimetry will continue to provide
estimates of ice thickness from direct
measurements of freeboard (Laxon
et al., 2003). Above the ice, airborne
laser and helicopter electromagnetic
sensors will provide accurate local
calibration and validation for the
s a tellite - derive d ic e -f r e eb oar d

measurements. Across the ice surface,
a network of a dozen or so tiltmeter
buoys developed by Wadhams and
co-workers, will measure the power
spectrum of flexural-gravity waves
propagating through the ice to provide
their own new and independent
measures of ice thickness, with onboard processing and transmission
of spectra or raw data by low-orbit
satellite (Iridium). Beneath the ice,
autonomous underwater vehicles and

Though all these systems are new, all
exist or are in immediate prospect, and
by their use, for the first time, direct
measurements or validated estimates
of the circulation, stratification and
ice-volume of the Arctic Ocean will
be possible with monthly-to-seasonal
resolution.

Towards implementation
In April 2007, the IPY began. At
that point, we moved beyond the
initial planning stage to the phase
of piecing together the techniques
and collaborations that would convert
a “potential” iAOOS structure into
an actual and funded programme.
Deploying such novel studies on
a pan-Arctic scale is an exciting
challenge (Figure 9). Two examples,

Figure 9 — Existing near-real-time data availability in the Arctic and sub-Arctic on
23 July 2007
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currently getting underway, will make
the point.
Under the EC-DAMOCLES component
of iAOOS, an extensive integrated
scheme of floats and gliders (Figure 10)
w ill m a ke s ub s ur f a c e p r o f il e s
throughout the upper water column
of the Arctic Ocean (emphasis on
the upper 800 m but with excursions
to 2 km depth), thus exploring and
describing both the variable cold
halocline layer (see Figure 8) and the
variable Atlantic-derived sublayer,
communicating their data to satellites
and receiving measurement-control
and navigation information via a net of
ice-tethered platforms. Since various
ITP designs have been proposed (by
US-SEARCH, NOAA, and Woods Hole
Oceanographic Institution , as well as
by EC-DAMOCLES), their operations,
deployment, communications and
data systems will themselves require
coordination. Some ITPs will deploy
profiling CTDs through the upper
water column and monitor the vertical
structure of ocean currents using
acoustic Doppler current profilers,
while fulfilling their conventional role
of collecting meteorological data at
the ice surface.
As a second example, Figure 11
illustrates the recently arranged and
effective collaboration between the
UK-NERC flagship programme ASBO,
Igor Polyakov’s NABOS study (IARC
Fairbanks), Andrey Proshutinsky’s
Beaufort Gyre Exploration Project
( W HO I ) , and Ur s ula S c hauer ’s
SPACE programme (Synoptic PanArctic Climate and Environment;
Alfred-Wegener-Institut für Polaru n d M e e r e s f o r s c h u n g ( AW I ) ,
Bremerhaven), amongst others listed
in the key.
Through this collaboration, these
projects tackle the essential task of
quantifying the ice and freshwater
content of the Arctic Ocean. The
panels to the right of Figure 11 show
maps of elevation using the radar
altimeter of Envisat (to 81.5°N) and
the laser system of ICESat (to 86°N);
since the laser measures to the top of
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Figure 10 — The ocean-observing scheme for the Arctic Ocean currently being
implemented by the DAMOCLES Integrated Project of EC-FP6. An extensive system of
floats and gliders will explore the upper ocean, communicating their data to satellites
and receiving measurement-control and navigation information via a net of ice-tethered
platforms.

the snow and the radar to the top of
the ice, their difference should yield
snow-depth as well as ice-thickness.
The US-UK trans-Arctic section on the
Russian heavy icebreaker Yamal (main
map) contributes the necessary link

between the east Siberian margin and
the Eurasian margin (the AWI SPACE
project) needed to close off the Arctic
into the “boxes” needed to make
conservative flux calculations for the
whole Arctic Ocean. The panels to the

Figure 11 — Plans for iAOOS collaborative oceanography across the Arctic Ocean in
summer 2007

left-hand side of this figure convey the
exciting news (Seymour Laxon, Andy
Ridout and Andrey Proshutinsky;
personal communication) that a first
comparison of sea-surface height
inferred from bot tom pressure
recorder data in the Beaufort Sea
and as measured by the Envisat
radar altimeter shows that retrievals
of ocean dynamic topography at the
centimetre level (and hence measures
of the Arctic Ocean circulation) are
now possible, even in the presence
of ice.
Space does not permit a fuller
description of the novel systems that
will be deployed across the northern
seas in IPY and there are many. But
these two examples indicate the major
scientific gains to be derived when
the available resources of manpower,
equipment and shiptime are focused
for a while on the problem of the
northern seas and their changes, as
they could only be for an International
Polar Year, and as they will be in
iAOOS.

Planning for the legacy
A workshop was held in Hobart,
Australia, on 15 July 2006, under the
sponsorship of SCAR, the Partnership
for Observation of the Global Ocean
(POGO) and the Census of Antarctic
Marine Life (CAML), to explore interest
in developing a SOOS as part of the
legacy of IPY. Participants agreed
that a SOOS was highly desirable
and formed a planning committee
to take this forward. A workshop
to draft an outline plan for a SOOS
will be held in Bremen, Germany, 13 October 2007. The outline plan will
be widely circulated for consultation
before being refined at a workshop
in St Petersburg, Russian Federation,
in July 2008 (in association with the
30th meeting of SCAR) and published
during the latter part of 2008. The
document will advise on the science
plan for a SOOS. It will be up to
individual nations with Southern
Ocean interests and to organizations
such as IOC and WMO, to decide how
best to put the plan into effect.

At the same time, nations have made
substantial strides towards creating
an Arctic Observing System (Lyons
et al., 2006), with contributions from
existing GOOS regional alliances,
such as EuroGOOS, international
groups such as the International
A r c tic S c ien c e C ommit te e and
Arctic Ocean Sciences Board and,
of cour se, national agencies in
interested Member States. At its
24th Assembly in 2007, IOC passed
a resolution entitled Programme
of Action for GOOS, including a
decision to “develop plans and
commitments to build and sustain
oc ean obser vation net works in
the polar regions as a legacy of
International Polar Year activities”.
It will surely be the new results and
surprises that emerge from such a
concentrated observing effort across
both polar seas that will provide the
primary stimulus for putting that
resolution into effect.

Conclusions
The polar oceans are grossly
undersampled. GOOS and GCOS
w ill never b e f ully f unc tioning
unless we find a means to sample
the polar oceans routinely and costef fec tively, with an appropriate
level of coverage to capture the
main oceanographic and marine
meteorological processes taking
place there and contributing to
climate variability. The polar oceans
are also the parts of the oceans which
are changing fastest in response to
global warming. It is imperative that
we monitor this rapid change now
as it is likely to be the harbinger
of change elsewhere and can alert
us to the possibilities. Given that
the Intergovernmental Panel on
Climate Change has taken a very
conservative line in suggesting the
amount of sea- level change over the
next 100 years and the fact that ice
melt triggered by ocean warming
may lead to much more rapid and
extreme change (up to 5 m; Hansen,
2007) in that same period, it behoves
us to pay much closer attention to
the behaviour of the polar oceans.
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State and fate of the polar
cryosphere, including variability
of the Arctic hydrological cycle
Title

by B. Goodison1, J. Brown2, K. Jezek3, J. Key4, T. Prowse5, A. Snorrason6 and T. Worby7

Introduction
The cryosphere collectively describes
elements of the Earth system which
contain water in its frozen state and
include sea, lake and river ice, snow
cover, solid precipitation, glaciers,
ice caps, ice sheets, permafrost
and seasonally frozen ground.
The presence of frozen water in
the atmosphere, on land and on
the ocean surface affects energy,
moisture, gas and particle fluxes,
clouds, precipitation, hydrological
conditions and atmospheric and
oceanic circulation. The cryosphere is
inseparable from the polar freshwater
system on land, on ice and on the
sea.
The cryosphere, its changes and its
impacts receive not only increased
scientific scrutiny but now constant
coverage by the media, creating an
unparallelled demand for data and
information on past, present and
future changes of our snow and ice

Figure 1 — Arctic sea ice extent in the summer melt season (area of ocean with at least
15 per cent sea ice)
resources. The rate of reduction of
many snow and ice masses over the
past decade continues to increase
(Lemke et al., 2007). Loss of the
ice cover is expected to affect the
Arc tic’s freshwater system and
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surface energy budget and could
be manifested in middle latitudes
as altered patterns of atmospheric
circulation and precipitation (Serreze
et al., 2007). Most recently, the 2007
Arctic sea-ice decline set a new
record absolute minimum already
in August 2007 with extent continuing
to decline until mid-September 2007
(Figure 1), capturing the attention of
policy-makers as the prospects for
new trans-Arctic sea routes loom ever
closer. Adequate knowledge of the
cryosphere is essential for polar and
global science applications, including
weather and climate prediction,
assessment and prediction of sealevel rise, availability of freshwater
resources, navigation, transportation,

fishing, mineral resource exploration
and exploitation and construction
in cold climate regions. Yet the
cryosphere is arguably the most
undersampled domain in the climate
system. The timing of IPY 2007-2008
for observing and increasing our
knowledge about the rapid change in
our polar regions could not have been
more appropriate. IPY cryosphere
projects are now being implemented.
A selection of plans and review of
progress of some of the IPY initiatives
to better understand the cryosphere
and related hydrological components
follows.

State and fate of
the cryosphere
The State and Fate of the Cryosphere
(IPY 105) provides a framework
to under s t and the s t ate of the
cryosphere and its associated past,
present and future variability and
change in time and space. The aim
is to document not only changes to
the global cryosphere but also to
highlight the diverse impacts of these
changes on understanding the polar
environment in terms of its physical
and biogeochemical interactions with
the ocean, atmosphere and terrestrial
systems and the impacts on, and
interactions with, social, cultural and
economic systems. It will:
•

•

A s se s s the c urrent s t ate of
cryospheric parameters in highlatitude regions, providing a
snapshot of the cr yosphere
and an evaluation of its current
(IPY) state in the context of past
states and projections of the
future;
Formulate the obser vational
requirements of cr yospheric
variables for weather, climate
and hydrological monitoring
and prediction and for other
environmental assessments
(Integrated Global Observing
Strategy Theme on Cryosphere
(IGOS-Cryo));

•

Strengthen international cooperation in the development of
cryospheric observing systems.

A global, quantitative assessment
of the current state of cryospheric
and related hydrological parameters
draws on results from many IPY and
ongoing scientific studies. IPY-funded
Arctic and bipolar projects related
to climate, including those involving
cryosphere and hydrology, can be
found at http://clic.npolar.no/reports/
archive/ipy_fnd_proj_cipo_22May07.
xls.

The cryosphere
observing system:
legacy of IPY 2007-2008
International Polar Year 2007-2008
provides a unique opportunity to
develop polar observing systems and,
by doing so, close one of the most
critical gaps in global observations.
A key goal of the State and Fate of
the Cryosphere Project has achieved
significant success—the Integrated
Global Observing Strategy Theme
on Cryosphere (IGOS-Cryo). One
of the near-term goals of the World
Climate Research Programme (WCRP)
Climate and Cryosphere (CliC) Project
is to help ensure that IPY is not just
a “blip”, but that there is a legacy of
infrastructure, observational systems
and data management which remains
after IPY.
CliC and several partners, including the
co-sponsor, the Scientific Committee
on Antarctic Research (SCAR), are
developing the conceptual framework
for CryOS (Figure 2)—a sustained,
robust observing system for the
cryosphere and a crucial element of
the future multidisciplinary observing
s ys tem. Curr ent ob s er va tional
c a p a b ili t i e s , r e q uir e m e n t s f or
ob s e r va t ion s an d high e r- l eve l
products and recommendations for
actions needed to further develop
CryOS are documented in the recently
approved IGOS-Cryosphere Theme
Report (http://igos-cryosphere.org).

The initial phase of CryOS development
coincides with IPY. The approach is
to engage relevant IPY projects and
increase coordination between them
with the objective of producing legacy
datasets and the capability to extend
them continuously after the end of
IPY. An IGOS Theme for the entire
cryosphere provides economies of
scale and ensures that the cryosphere
is adequately addressed by the
obser ving systems that suppor t
climate, weather and environmental
research and operations. Specific
recommendations for each
cryospheric element (e.g. terrestrial
snow, ice sheets, permafrost) are
given in the individual chapters of
this report. General recommendations
are given for the near-, mid- and longterm. There are many near-term
recommendations for during the IPY,
two examples being to:
•

Ensure coordinated interagency
planning of the IPY polar snapshot
and achieve better continuity in
higher-level polar data products
from existing satellites, for the
IPY legacy dataset;

•

Supplement sparse and sporadic
basic in situ observation networks
for precipitation, snow water
equivalent, permafrost borehole
temperatures, ice sheet core
properties, met/ocean/ice mass
balance tracked buoys, and
mountain glaciers; and plan the
selection and augmentation of at
least 15 reference “supersites” of
integrated monitoring with suites
of relevant cryospheric measurement s ( e.g. by augmenting
existing Coordinated Enhanced
Observing Period sites and/or
Global Terrestrial Network (GTN)
sites).

Adopting the recommendations will
ensure that IPY legacy datasets are
available as benchmarks for gauging
future climate variability and change,
that important in situ observational
networks are reinvigorated, that plans
are made for follow-on programmes
for key spaceborne sensors (e.g.
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NASA/Goddard Space Flight Center Scientific Visualization Studio

Arctic Hydra—a new
integrated study of the
Arctic hydrological cycle

Figure 2 — The CryOS vision offers the potential to realize a complete picture of
cryosphere components within the next 10-15 years. This satellite picture (moderateresolution imaging spectroradiometer) of snow cover, sea-ice temperature, glaciers and
ice sheets across the Arctic illustrates the diversity of the cryosphere .

passive microwave imaging systems)
and that innovative data-management
systems deliver data and geographic
information system services to the
science community, policy-makers,
and the public. National Meteorological
and Hydrological Services and space
agencies have a leading role to play
for these recommendations to be
turned into practice.

Global Interagency
IPY Polar Snapshot
Year (GIIPSY)
Satellite data are critical in the
derivation of new high-latitude
cr yosphere products, as in situ
data are sparse or non-existent in
these remote regions. The first
achievements of CryOS are in the
area of coordination of satellite
observations of the cryosphere. A
project entitled “Global Interagency
IPY Polar Snapshot Year (GIIPSY)”
(IPY 91) aims to obtain high-resolution,
broad spectral snapshots of the polar
regions during 2007-2008.
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The primary purpose is to use these
snapshots as gauges for comparing
pas t and f uture environment al
changes in the polar ice, ocean and
land. In the spirit of the International
Geophysical Year (IGY), the goal is to
secure these datasets as our legacy to
the next generation of polar scientists.
The programmatic goal is to identify
ways in which the resources of all
space-faring countries can be used in
such a way as to achieve our science
objectives without putting a burden
on any single organization. A general
description of the GIIPSY programme,
including observational objectives,
is at http: //w w w-bprc.mps.ohiostate.edu/rsl/GIIPSY/. Those systems
available for cryospheric studies
are shown in Figure 3. GIIPSY will
generate a number of unprecedented
datasets contributing to studies
of sea-level rise and hemispheric
climate, ocean circulation and polar
air-sea interactions, regional climate,
polar precipitation and hydrology,
p er ma f r os t and A r c tic aqua tic
ecosystems, transpor tation and
hazards. CryOS is certainly considered
as “an early success” of IPY.

The cryospheric system is inseparable
from the freshwater system. The
temperature, salinity, sea ice and
circulation of the Arc tic Ocean
strongly depend on the inflow of fresh
water. In assessing the agreement
in the Fourth Assessment Report
of the Intergovernmental Panel on
Climate Change (IPCC AR4) climate
models, Waliser (2007) noted that
good model agreement occurs where
there is a robust observational basis
and the quantities are physically
unambiguous. Components involving
frozen water typically exhibit the worst
agreement and fluxes generally exhibit
better agreement than reservoirs.
Storage and flux estimates for the
pan-Arctic water cycle, synthesizing
existing literature-based estimates
and modeling results, have been
recently reported (Serreze et al.,2006).
Through its integrated monitoring
s y s t e m s , in c lu d in g in t e gr a t e d
hydrographic stations, IPY ArcticHYDRA will help to provide a new
level of consistency not previously
available in the baseline information
from which these syntheses can be
drawn.
A r c t i c - H Y D R A ( I P Y 10 4 ) i s a
consortium-based international study
to provide a quantitative picture of the
state of the pan-Arctic hydrological
system (Figure 4) during the IPY
campaign. The main goals of the
project are to:
•

Charac terize variabilit y in
the Arctic Hydrological Cycle
(AHC) and to examine linkages
between atmospheric forcing
and continental discharge to the
ocean;

•

Assess the historical response
of the Arctic Ocean to variations
in freshwater input from rivers
and net precipitation over the
ocean;

Figure 3 — Timeline of the cryosphere satellite missions
Attribute to specific elements of
the AHC or to external forcing
the sources of observed spatialt e mp or al var iab ili t y in t h e
land - o c ean - ic e - a tmospher e
system;

•

Detect emerging changes in the
contemporary state of the AHC in
near-real-time and to place such
changes into a broader historical
context.

Given the scope of these goals and
the relatively short time-frame of the
IPY, Arctic-HYDRA also forms part of
the parallel longer term (10- to 15year) objectives of the International
Conference on Arc tic Research
Planning (ICARP) Working Group 7
project— Terrestrial Cryospheric and
Hydrologic Processes and Systems.
Canada has an IPY activity that will
make a major contribution to ArcticHYDRA. A key component is freshwater
flux research and prediction, which

aims to quantify key hydrological/
cold region processes/parameters
af fecting freshwater flux to the
Arctic Ocean, validate and improve
coupling of hydrological/land-surface
models to predict freshwater flow/
flux to the Arctic Ocean and provide
an improved assessment of the
hydro-climatology of the Canadian
Arctic. This component is, in turn,
linked to aquatic ecosystems, through
nutrient flux research and prediction
initiatives, to aquatic ecosystem
hydro-ecology and ecological integrity
and to community-based monitoring,
hence providing an integrated view
of the northern freshwater aquatic
systems.
To optimize synergies bet ween
the hydrological and ecosystem
components and to build on existing
research programme infrastructure,
the Mackenzie region was selected as
the “supersite” location for the more
intensive process-based experimental
field work and data collection. In

addition, there will be data from nine
new Arctic stations made available
through Water Survey of Canada.
These studies will contribute to
improved climate modelling at the
regional scale and within numerical
weather prediction systems. Such

Arctic-RIMS, http://rims.unh.edu/

•

Figure 4 — Arctic-HYDRA will promote
a fully pan-Arctic perspective for its IPY
water studies.
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results will extend beyond the scope
of the IPY, and will provide a basis
for future studies in these northern
regions.

climate models to provide current
and future climate simulations of
the cryosphere for climate impact
and adaptation studies.

The planning and implementation of
Arctic-HYDRA, and many IPY studies
involving fieldwork and modelling
studies, require input from such
regional studies and will benefit from
experience gained in similar projects
conducted during the pre-IPY period,
such as the Nordic study on Climate
and Energy (http://www.os.is/ce/).

Key components are the fur ther
d e ve l o p m e n t o f t h e C a n a d ian
data portal to the IPY Distributed
Information System and development
of outreach activities to incorporate
traditional knowledge with remotely
sensed information and engagement of
northern communities in cryospheric
monitoring. It will provide northern
Canadians with new information on
how fast snow and ice are melting,
what causes conditions to vary from
one year to the next and what the ice
will look like to the next generation
in 30 years’ time.

National/regional
terrestrial cryospheric
contributions
The Variability and Change in the
Canadian Cr yosphere builds on
the Canadian CRYSYS project, on
Canadian strengths in remote-sensing,
climate analysis and modelling and
operational activities. It was designed
to make a signicant contribution to
WCRP/CliC’s State and Fate of the
Cryosphere project. It extends an
earlier study on Canadian Cryospheric
response during the extremely warm
summer of 1998 (Atkinson et al., 2006).
This project will:
•

Provide information on the current
state of the Canadian cryosphere
during IPY as a contribution to
the IPY snapshot and its legacy
datasets;

•

Place current cryospheric conditions in the contex t of the
historical record to document
the magnitude of changes over
the 50 years since International
G e o p h y s i c a l Ye a r ( I G Y
1957-1958);

•

Characterize and explain the
observed variability and changes
in the context of the coupled
climate-cryosphere system; and

•

Improve the representation of
the cryosphere in Canadian landsurface and global and regional
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Snow cover and its proper ties,
over land, sea ice and ice masses
will receive considerable attention
during IPY. The Russian Academy
of Sciences has planned several
initiatives, including measurement
of variations in snow-depth and snowwater equivalent over the Eurasian
region and investigation of the
influence of changes in snow-cover
thickness in the pre-winter period on
frozen ground regimes. For Canada,
a key deliverable is snow-cover and
snow-water equivalent information
for mountainous and high Arctic
regions. Integrated data products
using satellite, in situ and modelled
data are desired, but validation of
any product for remote regions is
essential.
A unique IPY contribution, already
c o m p l e t e d d u r i n g A p r i l 2 0 0 7,
was a coordinated series of snow
measurements made across the
Northwest Territories and Nunavut,
Canada, as part of SnowSTAR-2007
(M. Sturm, USA CRREL Fairbanks,
leader), a 4 000-km barren lands
traverse (http://www.barrenlands.
org/MainPage.html) from Fairbanks,
Alaska, USA, to Baker Lake, Nunavut.
The measurements of snowpack
physical and chemical properties
collected along the traverse represent
the first ever systematic acquisition of

snow data across this region. These
data will be used to refine satellite
snow-water equivalent retrieval
algorithms, assess the performance
of distributed snow models, and
determine regional gradients in
snowpack mercur y and soot. In
addition to the scientific objectives
of the traverse, more than 50 schools
in Canada and the USA participated in
the journey by tracking the progress of
the expedition via a Website updated
with daily text, audio and photographic
dispatches from the field. Informal
outreach activities were held in all
the communities visited. This is one
excellent example of outreach to
students and northerners to build
scientific capacity: a goal of IPY.
One cannot consider snow cover
and its change without considering
changes in precipitation, particularly
solid precipitation. As a contribution
t o I P Y, t h e W M O C o m mi s s i o n
for Instruments and Methods of
Observation (CIMO), in consultation
with the Executive Council Panel of
Experts on Antarctic Meteorology,
the World Climate Programme, the
Commissions for Basic Systems,
C l i m a t o l o g y, H y d r o l o g y a n d
Agricultural Meteorology, WCRP-CliC
and the Global Climate Observing
System, is to assess the methods
of measurement and observation
of solid precipitation, snowfall and
snow depth at automatic unattended
stations used in cold climates (polar
and alpine) (http://www.wmo.ch/
pages/prog/www/IMOP/reports/20032007/CIMO-MG-4_2006_Final-Report.
doc # Item_Annex_2, page 3). The
support of National Meteorological
and Hydrological Services for this
activity is an excellent example of
WMO Members’ contributions to IPY
and its legacy.
Chan g e s in r i ve r an d la ke i c e
are impor tant hydrological and
cr yo spheric components of the
high-latitude terrestrial system,
a f f e c tin g a qua tic e c o s y s t e m s ,
controlling spring runoff, impacting
transportation over ice and economic
development. Canada will update its

HENRY HUNTINGTON

Figure 5 — SnowSTAR 2007 traverses the Canadian tundra: challenges of deriving an areal snow-water equivalent estimate (a
collaborative effort of US and Canadian scientists, led by Matthew Sturm, US Cold Regions Research and Engineering Laboratory).

freshwater ice archive and conduct
a national assessment of changes in
land ice throughout Canada since IGY.
Research on pan-Arctic lake-ice cover
will provide a better understanding
of the impacts of the large-scale
atmospheric and oceanic oscillations
on past lake-ice conditions and,
together with modelled projections
of future climate, will offer insight
into future regional changes to lakeice characteristics and resulting
hydrological and ecological impacts
in various regions of the Arctic.
Environment Canada and the Russian
State Hydrological Institute are
beginning the processing of freezeup/break-up data for a collaborative
circumpolar analysis of temporal
trends in freshwater ice regimes.
The Russian Federation also plans
to investigate the variabilit y of
thermal and ice regimes of rivers in
the north of the European part of the
Russian Federation and to estimate
the influence of river runoff on heat
and salt balance and the ice regime of
the Arctic Ocean basin. The bases for
prediction of catastrophic situations,
related to the ice events in the river
mouth areas, are to be developed,
using data from observations and
numerical models.

Many institutes will contribute to
improving their modelling capabilities
for the terrestrial cryospheric and
hydrological components based on
the new observations and improved
model parametizations achieved
during IPY. This includes evaluation
of simulations of the cryosphere
in operational and developmental
versions of global and regional
c lima te models and numeric al
weather prediction models. Several
countries will lay special emphasis
on snow-cover parameterization
(snow/vegetation effects, snowpack
structure) to improve understanding
of cryosphere response/feedbacks
within the global climate system
and sensitivity and robustness of
climate-change projections in high
latitudes.

State and fate of
permafrost
One of the major contributions
to under s tanding the changing
cryosphere and hydrosphere will
be provided through the project
entitled “Thermal State of Permafrost
(TSP)” (IPY 50) coordinated by the
International Permafrost Association

(IPA). The permafrost temperature
regime (at depths of 10-200 m) is a
sensitive indicator of the decadeto-century climatic variability and
long-term changes in the surface
energy balance. TSP will measure
temperatures in existing and new
boreholes over a fixed time period to
provide a “snapshot” of permafrost
temperatures in both time and space.
Approximately 500 existing boreholes
have been identified in the northern
hemisphere and a limited number
of boreholes are also available in
the Antarc tic. TSP includes the
Circumpolar Active Layer Monitoring
project with its approximate 150 sites
(www.gtnp.org) (see Figure 6).
Several “regional transects” across
the major permafrost zones in North
America, Europe (Permafrost and
Climate in Europe (PACE) Project)
and Eurasia have been identified
to assess changes in south-north
permafrost boundaries. The IPA/TSP
network will provide the locations
for long-term measurements. No
global database currently exists
that defines the thermal state of
permafrost within a specific time
period. Reported or unpublished
temperature measurements were
obtained at various depths and
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no—or very few—individual model
simulations shows trends comparable
to observations, depending on the
time window for analysis (Stroeve,
2007).

Figure 6 — Location of permafrost candidate boreholes, active-layer monitoring sites
(after International Permafrost Association) and GLACIODYN target glaciers.

periods over the past five decades,
yet we know these temperatures have
changed and at different rates for
different regions.
The TSP temperature and active
layer datasets will serve as future
baselines for the assessment of
the rate of change of near-surface
permafrost temperatures, to assess
changes in permafrost boundaries
and to validate models, climatic
scenarios and temperature reanalysis
approaches. Each of the 18 countries
involved in TSP is responsible for
its own measurements. Data are
incorporated into the WMO/FAO/
IPA Global Terrestrial Network for
Permafrost (GTNP). Related IPY-IPA
projects include the monitoring of
coastal erosion at key sites under
the Arctic Coastal Dynamics project
(IPY 90) and the assessment of carbon
stocks in permafrost regions under
the project entitled “Carbon Pools in
Permafrost Regions” (IPY 373).
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Marine cryosphere
In our understanding of sea ice
and its changes, knowledge of ice
thickness and snow depth on the ice
are essential, in addition to extent,
in order to assess freshwater flux to
the ocean, local climate, changes in
marine ecosystems or trafficability.
Sea-ice cover, especially in the
Arctic (see Figure 1), is undergoing
significant climate-induced changes,
including a reduction in extent and a
net thinning. During IPY, researchers
from many nations will be studying
the properties and processes that
govern this s e a - ic e c over and
exploring its role as an indicator
and amplifier of climate change,
as part of their coordinated ocean
traverses. Improved representation
of sea-ice in climate models for both
the Arctic and Antarctic, based on
IPCC AR4 assessments, is needed as

Numerous techniques will be brought
to bear on this task, including expeditions, satellite remote-sensing,
autonomous rovers, buoys, ocean
moorings and numerical models.
Autonomous systems allow studies
of the sea-ice climate interactions in
regions not always readily accessible.
For example, project IPY 95 studies
the seasonal ice zone (SIZONET),
autonomously measuring sea-ice
mass balance and examining solar
radiation in the atmosphere-iceocean system (http: //w w w.crrel.
usace.army.mil /sid / IMB /). Again
for the IPY 2007-2008, the Russian
Federation deployed Nor th Pole
drifting station NP-35 the first station,
NP-1, having been deployed in 1937.
They will investigate the upper ocean,
sea ice and snow cover, and collect
meteorological and atmospheric
m e a s ur e m e n t s t o id e n t i f y key
processes in the atmosphere and
alterations of sea-ice cover to examine
atmosphere-sea-ice coupling.
Observing the sea ice itself forms
the principal component of several
IPY oceanographic projects within
the framework of the Integrated
Arctic Ocean Obser ving System
(iAOOS) proposed by the Arctic
Ocean Sciences Board and WCRP/
CliC (see article by Summerhayes,
Dickson et al., in this issue, 271284). One interesting component of
iAOOS was the International Sea-Ice
Summer School, held in Svalbard in
July 2007 to reflect recent progress
in our understanding of sea ice and
its interaction with the ocean and
atmosphere. It is part of the outreach
programme of IPY.
T h e on g oin g op e r a t ion of t h e
International Arctic Buoy Programme
by WMO Members is essential for
our understanding of the climate and
cryosphere of the changing polar
regions. In the Arctic in 2007, more

than 120 buoys were deployed for
national operational and research
purposes. Similarly, current and
historical products being produced
by Members through their national
ice services will provide valuable
information to establish the baseline
for sea ice for the IPY period and
beyond.
In the Antarctic, the major field
experiments are now in progress. The
WCRP/SCAR International Programme
for Antarctic Buoys plans to achieve
a significant increase in the buoy
development. The “Antarctic Sea Ice
in IPY”project (IPY 141) has two major
research activities in SeptemberOctober 2007. As in the Arctic Ocean,
observations of the sea ice in the
Southern Ocean will be coordinated
with oceanographic observations
in the framework of the WCRP
project Climate of Antarctica and the
Southern Ocean (IPY 132) and become
an intrinsic part of the developing
Southern Ocean Observing System
(see article by Summerhayes, Dickson
et al., in this issue, 271-284).
One is the Sea Ice Mass Balance in
Antarctica (SIMBA) programme on
the Nathaniel B. Palmer (Steve Ackley,
Chief Scientist) in the Bellingshausen
Sea, while the other is the Sea Ice
Physics and Ecosystem Experiment
(SIPEX) aboard the Aurora Australis
(Tony Worby, Chief Scientist) in
the area 120-130°E of the eastern
Antarctic. Both programmes will focus
on improving our understanding of
the physical characteristics of the
sea ice, sea-ice drift/dynamics, ice/
snow thickness distributions and the
relationship between ice physics, seaice algae and ecosystem dynamics.
The GLAS instrument aboard ICESat
will be activated on 1 October 2007 to
coincide with these field programmes
and every effort will be made to
coordinate field activities in the
regions covered by ICESat data.
The objective is to provide valuable
ground-truthing data for satellite
instrument calibration/validation.
Rela te d initia tive s in c lud e the

establishment of a new snow and
ice classification working group
and establishment of a sea-ice data
portal at the Australian Antarctic Data
Centre.

Ice sheets, ice masses
The world’s ice sheets, ice shelves,
ice caps and glaciers store most of the
world’s freshwater. Their response to
climate variability and change are now
being documented through enhanced
in situ and satellite observation and
monitoring and weather, climate and
process modelling. The stability of
these ice masses, their changing
surface characteristics and runoff
patterns and their ultimate contribution
to sea-level rise is a particular focus
of IPY.
The GIIPSY project noted above
will make an essential contribution
through new and continuing satellite
acquisitions over the ice masses of the
polar regions. For example, for the first
time, there will be: one summer and
one winter Synthetic Aperture Radar
(SAR) snapshot of the polar ice sheets,
glaciers and ice caps for documenting
ice-surface physical parameters;
pole-to-coast multi-frequency for
Interferometric Synthetic Aperture
Radar (InSAR) measurements of
ice-surface velocity and repeated Xband InSAR topography for detecting
local changes in ice-sheet elevation
associated with motion of subglacial
water.
Continuing studies will offer new
knowledge of volume change, melt
extent and mass balance. An example
of the latter is the project on ice and
snow mass change of Arctic and
Antarctic polar regions using satellite
gravimetry from the Gravity Recovery
and Climate Experiment (GRACE). The
project will map for the first time the
time variations of loss/gain of ice mass
observed by GRACE, in response to
climate change. This will provide
monthly time series and geographical
maps of the integrated variations of
mass over large remote regions such
as the Antarctic and Greenland, which

can then be further expressed in terms
of sea-level contribution.
There are many projects in and around
Greenland and the Antarctic that will
contribute to a better understanding
of the current and past climate system
of the polar regions and the Earth. The
Antarctic Surface Accumulation and
Ice Discharge project makes use of
the unique focus of IPY cooperation
to synthesize, collect, analyse and
produce comprehensive datasets
on the spatial and temporal patterns
of accumulation of snow and the
perimeter discharge of ice from the
Antarctic ice sheet. It will build on past
efforts and stimulate new ones:
•

To be able to represent the
spatial and temporal variability
of Antarctic accumulation at an
unprecedented level of detail;

•

To compare new surface velocity
data with the previous largescale mapping of ice speed, and
isolated older measurements, to
provide useful indications of the
temporal variation of ice discharge
and grounding line position along
large portions of the Antarctic’s
grounded perimeter; and

•

To determine ice thickness at the
grounding line to complete the
calculation of ice discharge: what
is happening at the edge of the ice
sheets is critical to understanding
stability and sea-level change.

One of the fastest warming areas
in the polar regions is the Antarctic
Peninsula. Studies using the Larsen B
and C ice shelves as laboratories will
be initiated during IPY. With the loss
of ice shelves such as these, outlet
glaciers that nourished them with
land ice accelerated rapidly, losing a
disproportionate amount of ice to the
ocean. A new initiative on Larsen C,
using coupled existing and new field
measurements, will determine the
state of its health and stability in
response to climate change. Existing
data and new field measurements
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(e.g. Global Positioning System,
automatic weather stations and
ground penetrating radar), coupled
with an analysis of remote-sensing
data, ice-shelf numerical models and
control methods, aim to provide a
more comprehensive analysis of
the ice-shelf evolution in a changing
climate.

glaciers and ice caps to sea-level rise
through improved obser vational
techniques and dynamic glacier
modelling to model runoff changes in
response to climate-change scenarios.
The experience gained in the Nordic
Climate and Energy project will benefit
this initiative.

Similarly, for Greenland, there is
an effort to determine its stability,
history, and evolution. Understanding
how Greenland will react to global
warming is crucially important. Using
seismic data, ice cores and radar,
laser ranging and echo sounders,
there will be new knowledge of
the Greenland Ice Sheet and it will
improve scientists’ ability to model
how it will react to climate change.
A new drilling site that will allow an
ice core to be extracted to extend
the record beyond 130 000 years is
in the process of being established,
giving a new perspective on climate
change.

Global Cryosphere
Watch—an IPY legacy

Likewise, in the Antarctic, the Chinese
Panda project will drill a new core at
Dome A, where ice thickness was
measured at over 3 000 m. It is a
potential site to reconstruct a 1 200year record of past climate. IPY was
the stimulus for such studies, bringing
new insight into past, present and
potentially future climates in the polar
regions. Information on national and
international IPY projects in Greenland
proper and surrounding waters is
available through the Danish Polar
Centre (http://www.ipy.dk).
Global warming will have a large
impact on glaciers in the Arctic
region. Sea-level will be affected, and
substantial changes can be expected
in sediment and freshwater supplies to
embayments and fjords. GLACIODYN
is an IPY project that will investigate
the effects of global warming on a
set of 20 target glaciers in the Arctic
region in the years 2007-2010 (see
Figure 6). It aims to improve current
estimates of the contribution of Arctic
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Fif teenth World Meteorological
Congress (May 2007) supported the
concept of a Global Cryosphere Watch
(GCW) as a WMO legacy of IPY 20072008. The GCW would provide an
intergovernmental mechanism for
supporting key cryospheric in situ
and remote-sensing observations,
which would also serve to implement
the recommendations of the IGOS
Cryosphere Theme. Meeting these
goals will require building links
and partnerships and developing
agreements between key observing
systems, networks, observation and
data providers, users and the research
community. The GCW is envisaged
as supporting the WMO Information
System initiative by providing a
one-stop portal for authoritative
cryospheric data and information. This
will facilitate assessment of changes
in the cryosphere and their impact,
and use of this information to aid the
detection of climate change. One of
the first GCW tasks would be to work
with relevant WMO mechanisms to
ensure that cryospheric observations,
monitoring and associated research
match requirements of a wide range
of users throughout the world.
Discussions on the concept are now
underway within WMO and with other
interested institutions, agencies and
scientists. Elaboration of the GCW
concept and initiation of a programme
of actions aimed at its creation will be
initiated by the WMO Intercommission
Task Group on IPY, scheduled to meet
in early 2008.
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A highly elliptical orbit space
system for hydrometeorological
monitoring of the Arctic region
by V. V. Asmus1, V. N. Dyadyuchenko2, Y. I. Nosenko3,
G. M. Polishchuk4 and V. A. Selin3

The lack of reliable, frequently
updated information on the Earth’s
polar ice caps is a significant problem
for weather forecasting, affecting
forecast skill for the entire planet. The
poor numerical weather prediction
(NWP) skill for the Arctic region
and the Earth’s northern territories
is caused primarily by errors in
determining initial conditions, which
depend on the qualit y of initial
data. Until now, initial data have
been received from meteorological
geostationary satellites, which are
not very effective in scanning high
latitudes and polar-orbiting satellites
with inadequate refresh rates. It is
therefore vital to ensure regular
reception of integrated satellite
information on the Arctic region in
order to address the most pressing
hydrometeorological, geophysical,
geochemical, ecological and disasterrelated tasks in this area.
Of course, the methods used to
analyse hydrometeorological fields in
modern numerical weather prediction
systems are universal and their
accuracy should not depend on one
particular region. However, acquiring
highly accurate initial conditions
(particularly wind vectors) would
be possible only with additional
ef fec tive obser vations made at

high latitudes. It has therefore been
suggested that demonstration of
a hydrometeorological system of
satellites on highly elliptical orbit
(HEO), called the “Arctica” system,
should be created to provide the
necessary complex information for the
difficult tasks involved in developing
the whole Arctic region.

•

Monitoring of climate change

•

Data collec tion and relay
from land-, sea- and air-based
observing platforms

•

Exchange and dissemination of
processed hydrometeorological
and heliogeophysical data.

Significantly, the hydrometeorological
obser vations carried out in the
Arctic within the framework of the
International Polar Year 2007-2008
are not provided with remote-sensing
data received simultaneously and
quasi-continuously throughout the
Arctic region.

Fur ther progress in global and
regional numerical weather prediction
depends to a large extent on:

To develop the Arctic region as a
whole, improvement is needed in
the following:
•

•

Analysis and forecasting of:
– Weather at regional (Arctic)
and global levels
– Ice cover in the Arc tic
Ocean
– Heliogeophysical conditions
in the near-Earth space
– Flight conditions for aviation (cloudiness, wind, jet
streams, etc.)

•

Quasi- continuous reception
of hydrometeorological and
heliogeophysical satellite data on
the Arctic region and the Earth’s
northern territories;

•

Reception of data from highlatitude drif ting buoys,
automatic weather s t ations
and emergency buoys of the
C o s p a s - S a r s a t a i r- a n d - s e a
search-and-rescue system, via
satellite communication channels
i n 2 4 - h o u r, u n i n t e r r u p t e d
teleaccess mode;

•

Operational delivery of shortrange weather forecasts and ice
cover data to users via satellite
communication channels.

Monitoring of disasters

1 Scientific Research Centre on Space Hydrometeorology “Planeta”
2 Russian Federal Service for Hydrometeorology and Environmental Monitoring
(Roshydromet)
3 Federal Space Agency (ROSCOMOS)
4 S.A. Lavochkin Scientific Production Association

Over the past few years, the
intensification of weather and climate
anomalies has made the task of
increasing the reliability of mediumand long-range weather forecasts
even more crucial.
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As of 2002, initial data from the
b a s i c g e o s t a t i on ar y s a t e lli t e s
have been supplemented (at first
experimentally but later operationally)
by calculations of wind field vectors
in polar areas (latitudes higher than
65°N) using Moderate Resolution
Imaging Spectroradiometer (MODIS)
observations from the low-orbiting
Terra and Aqua Earth Observing
Sys tem satellites (US National
Aeronautics and Space Administration
(NASA)).
Experimental use of MODIS data,
despite their local character, low
up da tin g f r e quen c y and other
disadvantages when compared with
geostationary data, has resulted in
a steady increase in the accuracy
of numerical weather predictions.
Moreover, a positive impact has been
noticed not only for high-latitude
regions, but also for extra-tropical
parts of the whole forecast area. It has
also been found that MODIS-derived
data on “polar” winds are most useful
in the event of “bad” forecasts.
This research was carried out at the
Goddard Space Flight Center (GSFC)
and NASA’s Jet Propulsion Laboratory
and the results have been reported
at international conferences on
satellite meteorology and meetings
of the International Working Group
on Satellite Methods of Wind Vector
Evaluation.
Two factors making reliable wind
vector evaluations using MODIS data
from low-orbiting satellites more
difficult to obtain are:
•

•

S i g n i f i c a n t t im e l a p s e ( u p
t o 10 0 min u t e s ) b e t w e e n
observations on two consecutive
passes (it takes about 2.5 hours
to receive a triplet of images,
as opposed to 0.5 hours with
geostationary satellites);
Need for highly accurate
geographical referencing
procedures and “correction” of
images, in other words: bringing
the images into nominal form.
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The effectiveness of the long-term
system of Arctic drifting buoys and
the network of automatic weather
stations in northern countries will be
largely determined by the possibilities
for efficient data transfer from these
platforms to regional and national
hydrometeorological centres.
The Arctic region presents
difficulties for observations using
the basic international meteorological
geostationary satellites, the area of
quality monitoring on geostationary
orbits being limited by the zenith
angle of observation of 70°, which
corresponds to 60° of latitude. The
communication channels available on
geostationary satellites cannot ensure
good-quality data reception from
Arctic drifting buoys and automatic
weather stations.
Over the past few years, therefore, the
Meteorological Services and Space
Agencies of Canada, the European
Union, the Russian Federation and
the USA have become increasingly
interested in the development of satellite hydrometeorological sys tems
on highly elliptical orbits (perigee ≈1 000 km; apogee ≈40 000 km;
inclination ≈ 6 3° ; orbital period
≈12 hours).
Highly elliptical orbits with an apogee
of ≈40 000 km and an orbital period of
12 hours are preferred because they
permit the use of scanner-imagers
from geostationary satellites with
slight improvements and have a
fairly long useful lifetime (≈7 years),
owing to more favourable radiation
conditions. These orbits have been
given the name “Molniya”* -type
orbits because of their priority and
considerable experience of the Russian
Federation in launching satellites of
the same name on these orbits.
The main aim of put ting these
systems on highly elliptical orbits
is to have quasi-continuous satellite
hydrometeorological data (particularly
on the so-called “polar” wind vectors)
* Molniya means: lightning

covering territories at latitudes higher
than 60°N within the Earth‘s Arctic
region (polar cap) using instruments
similar to the modern imagers on
basic meteorological geostationary
satellites.
R o s c o s m o s a n d R o s hy d r o m e t
propose to create and introduce the
Arctica highly elliptical orbit satellite
system to demonstrate monitoring
hydrometeorological conditions in the
Arctic region and within the Earth’s
nor thern territories (at latitudes
higher than 60°N), using the current
scientific and technological surfacebased infrastructure.
The design of the Arctica system
was outlined in the joint report by
the Roscosmos and Roshydromet
delegations to the seventh session of
the WMO Consultative Meetings on
High-level Policy on Satellite Matters
in January 2007 and Fifteenth World
Meteorological Congress in May
2007.
As recorded in the minutes of the first
meeting of the WMO International
Working Group to establish possible
international cooperation on the
Arctica project, held in April 2007,
it was r e c ommende d tha t this
project be discussed further within
the framework of the international
GEOLAB project.
The advantages of highly elliptical
orbits over geostationary orbits for
Arctic observations are shown in
Figure 1.
The Arctica system’s functionalities
would complement those of existing international geostationar y
meteo ro logical satellites, whose
data, according to WMO, form the
basis for continuous global Earth
observations in the 21st century.
Its main function is the operational
reception of hydrometeorological
information (wind speed and direction,
cloud parameters, precipitation,
ice cover, etc.) in the Arctic region
as input to weather analysis and
forecasting. In addition, the system

End of the operational
part of HEO

Beginning of the operational
part of HEO

70° limiting angle of qualitative observation
Area for qualitative
monitoring from HEO
Area for qualitative
GEO monitoring

Figure 1 — Advantages of highly elliptical orbits over geostationary orbits for Arctic
observations
is designed to collect and relay
information from land-, sea- and airbased observing platforms and to
exchange and disseminate processed
hydrometeorological data on the Artic
region.

The highly elliptical orbit with the
parameters adopted ensures:
•

Quasi-continuous observation of
the Arctic territories at latitudes
higher than 60°N;

Data from the Arctica system can be
used as background characteristics
for information received from other
remote - sensing spac e sys tems
which do not have such strict requirements for uninterrupted global
observations.

•

Continuous radio-visibility of
the satellites during the working
segments of the orbit for the
reception points located in the
northern regions.

Hydrometeorological monitoring
of the northern territories with an
imaging frequency and data quality
similar to those ob t ained with
geostationary satellites requires a
space system with two satellites
on highly elliptical orbits with the
following nominal parameters:
•
•
•
•

Apogee altitude ( α) ~40 000 km
Perigee altitude ( ϖ) ~1 000 km
Inclination (i) ~63°
Orbital period 12 hours.

T he pr op o s e d A r c tic a s y s te m,
together with the basic international
meteorological geostationar y
satellites, would permit global
monitoring of the whole Ear th,

Satellite no. 2

Satellite no. 1

Figure 2 shows the working orbits of
the Arctica satellites.
The ascending node of the orbit of
Satellite No.1 and the descending
node of that of Satellite No.2 coincide,
while the beginning and end of the
working segments for each satellite
fall 3.2 hours af ter the apogee.

Figure 2 — Working orbits of the Arctica
satellites

with the exception of the Antarctic,
although even this task could be
covered by increasing the number
of HEO satellites to four and selecting
appropriate orbits.
The Arctica space system consists
of two satellites on HEOs, a groundbased complex for the reception,
proc e s sing and dis tribution of
satellite data with data reception
points and a surface-based satellite
control complex. The Arctica system’s
surface-based resources consist
of a series of centres distributed
across the area for the reception,
proc e s sing and dis tribution of
information to users. It is intended to
create the Arctica satellites using the
scientific and technological reserves
of the S.A. Lavochkin Scientific
Production Association and the
“Planeta” Research Centre for the
hydrometeorological geostationary
satellite Electro-L, which is in the final
stage of development.
The payload of the Arctica satellites
includes:
•
•
•
•

Multi-channel scanner
Heliogeophysical instrument
complex
On board radio engineering
complex
On board data- collection
system.

This payload is not definitive and will
be fine-tuned, following suggestions
from the project participants. At the
time of writing, the possibility of
including a multichannel panoramic
video monitor developed by scientists
at the University of Calgary (Canada)
and the Finnish Meteorological
Institute was being studied. A multichannel panoramic video monitor
in the ultraviolet spectrum with
Molniya-type orbits will provide
many northern hemisphere images
of the northern lights area and the
polar cap during more than 60 per
cent of the mission.
It is planned to adapt the special
i n s t r u m e n t s f o r t h e El e c t r o - L
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Reception of data for weather
forecasts: wind, cloudiness,
precipitation, etc.

Hydrometeorological and
related services for shipping
and air navigation

Collection and relay of information from land,
sea and air-based high-latitude observing
platforms

Relay of signals from
Cospas-Sarsat emergency
radio-buoys

Area of hydrometeorological observation of the Arctic region: an area with uninterrupted routine and emergency
communications, to be ensured by two HEO “Arctica” satellites after 2011

Frequency of data
reception:
15 minutes

Boundary of the area of
uninterrupted "Arctica” satellite
radio-visibility for the surface-based
hydrometeorological data reception
stations

Area of observation of the
Northern Hemisphere by the
basic international
meteorological geostationary
satellites

Figure 3 — Capabilities of the Arctica high-orbit space system

satellite to meet the needs of the
Arc tica satellites, which, taking
into consideration experiments
to obtain wind vector evaluations
from geostationary satellite data
an d MO D I S d a t a in t h e v i s ib l e
and infrared ranges of the
spectrum, will have the following
characteristics:
•

Coverage: full visible disk of the
Earth (20° x 20°);

•

Ten imaging channels: (three
visible and seven infrared);

•

Spectral ranges (µm): 0.5-0.65;
0.65-0.8; 0.8-0.9; 3.5-4.0; 5.7-7.0;
7.5-8.5; 8.2-9.2; 9.2-10.2; 10.211.2; and 11.2-12.5;

•

Resolution: 1 km in the visible and
4 km in the infrared channels;

•

Signal-to-noise ratio in the visible
channel: ≥200;

•

Temperature sensitivity at 300K
in the infrared channels: 0.8K
in the 3.5-4.0 µm channel; 0.4K
in the 5.7-7.0 µm channel; and
(0.1 to 0.2)K in the 7.5-12.5 µm
channel;

•

Imaging repeat cycle (round-theclock): 15 minutes.
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The heliogeophysical instrument
complex measuring the characteristics
of radiation from the Sun, as well as
radiation and magnetic conditions
at the height of the orbit, includes
seven sensors:
•

Spectrometer for corpuscular
radiation with energy ranges of
0.0 to 20.0 keV; 0.03 to 1.5 MeV;
and 0.5 to 30.0 MeV;

•

Spec trometer for the Sun’s
cosmic rays with energy ranges
of 1-12 MeV; 30.0 to 300.0 MeV;
and >350.0 MeV;

•

Galactic cosmic ray detector with
an energy range of >600 MeV;

•

Gauge measuring the
solar cons tant in the range
0.2-100 µm;

•

Gauge measuring the flow of Xray radiation from the Sun with
an energy range of 3-10 keV;

•

Gauge measuring ultraviolet
radiation from the Sun at the
hydrogen resonance line (HLa)
(121.6 nm);

•

Magnetometer measuring tension
in the magnetic field with a range
of ±300 nTl.

The Arctica space system with the
above characteristics could be created
through collaboration bet ween
Roscosmos (the S.A. Lavochkin
Scientific Production Association) and
Roshydromet (the Planeta Research
Centre). Roscosmos and Roshydromet
are prepared to participate in further
discussions with IGEOLAB about
the details of possible international
collaboration, which could result
in the creation of the Arctica space
system within four years.

Seasonal tropical cyclone
forecasts
by Suzana J. Camargo¹, Anthony G. Barnston1, Philip J. Klotzbach2 and
Christopher W. Landsea3

Introduction
Seasonal fore c as t s of tropic al
cyclone activity in various regions
have been developed since the first
attempts in the early 1980s by Neville
Nicholls (1979) for the Australian
region and William Gray (1984(a), (b))
for the North Atlantic region. Over
time, forecasts for different regions,
using differing methodologies, have
been developed. Tourism in various
regions, such as the US Gulf and
East Coasts and the Caribbean,
is impac ted by these seasonal
forecasts. Insurance and re-insurance
companies also make use of seasonal
forecasts in their policy decisions.
It is fundamental to provide these
users with information about the
accuracy of seasonal forecasts.
Seasonal forecasts have limited use
for emergency managers, because of
the lack of skill in predicting impacts
at the city or county level.
As has been the case in some of
the previous WMO International
Workshops on Tropical Cyclones
(IT WC), a review of the progress
on seasonal forecasts of tropical
cyclone activity was presented at
the IW TC-VI in San José, Costa
Rica, in November 2006 (Camargo

Statistical and dynamical seasonal tropical cyclone
activity forecasts are proposed to be made available
on a public Website for forecasters and other users.

et al., 2006 ). These quadrennial
workshops, co-sponsored by the
WMO Commission for Atmospheric
S c i e n c e Tr o p i c a l M e t e or o l o g y
Research Programme and the
World Wea ther Wa tc h Tropic al
Cyclone Programme, bring together
tropical cyclone forecasters and
researchers to review progress and
plan for future activities in topics
such as seasonal forecasts. During
IWTC-VI, forecasters from various
countries shared information about
seasonal tropical cyclone forecasts
currently being issued by their
respective countries—which was
often information not well known
by other scientists present.

seasonal tropical cyclone forecasts
has increased tremendously since
they were first produced, especially
after 2004, when 10 tropical cyclones
struck Japan and four hurricanes
impacted Florida, USA.

Forecasters in National Meteorological
and H ydrologic al Ser vic e s are
interested in seasonal forecasts
because they are frequently asked
questions by the media and various
decision-makers. Interest from the
media and the general public in

With the popularization of these
forecasts, it is fundamental that
their documentation and verification
b e c ome w idely available. I t is
recommended that WMO develop
guidelines for the development
and validation of these forecasts,
similar to the protocol that has been
developed for global seasonal climate
(temperature and precipitation)
forecasts (WMO, 2001). A summary
of grops that issue tropical cyclone
s eas onal for e c as t s is given in
Table I.

1 International Research Institute for Climate and Society, The Earth Institute at Columbia
University, Palisades, New York, USA
2 Department of Atmospheric Science, Colorado State University, Fort Collins, Colorado,
USA
3 NOAA National Hurricane Center, Miami, Florida, USA

Although landfall forecasts are
par ticularly impor tant to users,
landfall forecast skill is still limited.
As seasonal tropical cyclone forecasts
improve, more attention will be given
to particular details such as regional
landfall probabilities. The use of
such specific forecasts will become
more widespread and significant to
decision-makers and residents in
coastal areas.
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Table I — Seasonal tropical cyclone forecasts: groups that issue the forecasts, regions in which the forecasts are issued, forecast
type, Website where the forecast is available.
Group

Basins

Type

Website

City University of Hong Kong,
China (CityU)

Western North Pacific

Statistical

http://aposf02.cityu.edu.hk

Colorado State University,
USA (CSU)

Atlantic

Statistical

http://hurricane.atmos.colostate.edu

Cuban Meteorological
Institute (INSMET)

Atlantic

Statistical

http://www.met.inf.cu

European Centre for MediumRange Weather Forecasts
(ECMWF)

Atlantic
Australian
Eastern North Pacific
North Indian
South Indian
South Pacific
Western North Pacific

Dynamical

http://www.ecmwf.int
(collaborating agencies only)

International Research
Institute for Climate and
Society (IRI)

Atlantic
Australia
Eastern North Pacific
South Pacific
Western North Pacific

Dynamical

http://iri.columbia.edu/forecast/tc_fcst/

Macquarie University,
Australia

Australia / southwest
Pacific

Statistical

http://www.iges.org/ellfb/past.html

Meteorological Office, United
Kingdom (MetOffice)

North Atlantic

Dynamical

http://www.metoffice.gov.uk/weather/
tropicalcyclone/northatlantic

National Meteorological
Service, Mexico (NSM)

Eastern North Pacific

Statistical

http://smn.cna.gob.mx

National Climate Centre,
China

Western North Pacific

Statistical

http://bcc.cma.gov.cn

NOAA hurricane outlooks

Atlantic
Eastern North Pacific
Central North Pacific

Statistical

http://www.cpc.noaa.gov
http://www.cpc.noaa.gov
http:// www.prh.noaa.gov/hnl/cphc

Tropical Storm Risk (TSR)

Atlantic
Western North Pacific
Australian region

Statistical

http://tsr.mssl.ucl.ac.uk

Statistical seasonal
hurricane forecasts
Colorado State University
Initial seasonal predictions for the
North Atlantic basin (Gray, 1984(a),
(b)) were issued by Colorado State
University in early June and early
August, beginning in 1984, using
statistical relationships between
tropical cyclone activity and El Niño/
Southern Oscillation (ENSO), the
Quasi-Biennial Oscillation (QBO) and
Caribbean basin sea-level pressures.
Comparatively, more tropical cyclones
were predicted in the cool phase
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of ENSO, when the QBO was in its
west phase and Caribbean basin sealevel pressures were below normal.
Statistical forecast techniques for
North Atlantic tropical cyclones have
evolved since these early forecasts.
Additional predictors were added to
the original forecast scheme, the QBO
is not used as a predictor anymore
and the seasonal forecasts started
being issued in early December of
the previous year. Klotzbach and Gray
(2004) and Klotzbach (2007) explain
the current forecast scheme.
Owens and Landsea (2003) examined
the s k ill of Gr ay ’s op er a tional

Atlantic seasonal tropical cyclone
forecasts relative to climatology and
persistence. Their analysis indicated
that for the analysed period (1984–
2001), both the basic statistical
forecasts and an adjusted version
demonstrated skill over climatology
and persistence, with the adjusted
forecasts being more skilful than the
basic forecasts.
Figure 1 shows the skill of the CSU
forecasts for various leads, using linear
correlation as a skill measure. The skill
improves tremendously in June and
August, probably because the ENSO
spring barrier is over. Since the ENSO

the number of tropical cyclones in the
Central North Pacific region based on
the ENSO state and the Pacific decadal
oscillation.

1

0.8

Correlation

0.6

NS
NSD
H
HD
IH
IHD
NTC

Tropical Storm Risk (TSR)
Tropical Storm Risk issues statistical
forecasts for tropical cyclone activity
in the Atlantic, western North Pacific
and Australian regions. The seasonal
prediction model uses ENSO forecasts
(Lloyd-Hughes et al., 2004) to predict
the western North Pacific ACE index
and is skilful in hindcast mode in that
region (Lea and Saunders, 2006).

0.4

0.2

0

-0.2

-0.4
December

April

June

August

Month

Figure 1 — Correlations of the CSU seasonal forecasts for different leads: December
(1992– 2006), April (1995-2006), June (1984-2006 or 1990-2006) and August (1984-2006
or 1990-2006). The correlations are given for: number of named storms (NS), number
of named storm days (NSD), number of hurricanes (H), number of hurricane days (HD),
number of intense hurricanes (IH), number of intense hurricane days (IHD) and net
tropical cyclone activity (NTC). Significant correlations at the 95% significance level are:
June – NS, NSD, H, HD, IHD, NTC, August – NS, NSD, H, HD, IH and NTC. None of the
correlations is significant for the December and April leads.

state is usually defined by June, the
hurricane forecasts made in June or
later become more skilful. Another
reason for a higher skill in June and
August is that the season is about to
start or has already started.
CSU started issuing forecasts of
landfall probabilities in August 1998.
The landfall probabilities are based
upon a forecast of net tropical cyclone
activity. In general, when an active
season is predicted (high net tropical
cyclone activity), the probability of
landfall is increased (Klotzbach,
2007).

National Oceanic
and Atmospheric
Administration (NOAA)
NOAA has been issuing seasonal
hurricane outlooks for the Atlantic and
the eastern North Pacific regions since
1998 and 2003, respectively. These
outlooks are provided to the public

as deterministic and probabilistic,
using terciles. They are based on
the state of ENSO (Gray, 1984(a))
and the tropical multi-decadal mode
(e.g. Chelliah and Bell, 2004), which
incorporates the leading modes of
tropical convective rainfall variability
occurring on multi-decadal time
scales. Important aspects of this signal
that are related to an active Atlantic
hurricane season include a strong
West African monsoon, reduced
vertical wind shear in the tropical
Atlantic, suppressed convection in
the Amazon basin and high tropical
Atlantic sea-surface temperatures
(SSTs) (Goldenberg et al., 2001). The
NOAA forecasts and verifications for
named storms, hurricanes, major
hurricanes and accumulated cyclone
energy (ACE) (Bell et al., 2000) over
the period from 1998–2006 are given
in Figure 2.
Sinc e 19 97, the Central Pacif ic
Hurricane Center issues in May
seasonal forecasts for the range of

In a recent paper (Saunders and Lea,
2005), TSR describes its new forecast
model, issued in early August, for
seasonal predictions of hurricane
landfall activity for the US coastline.
The model uses July wind patterns
to predict the seasonal US ACE index
(effectively, the cumulative wind
energy from all tropical cyclones
which strike the USA). The July heightaveraged winds in these regions are
indicative of atmospheric circulation
patterns that either favour or hinder
hurricanes from reaching US shores.
The model correctly anticipates
whether US hurricane losses are
above- or below-median in 74 per cent
of the hindcasts for the 1950–2003
period. The model also performed
well in “real-time” operation in 2004
and 2005, while over-predicting in
2006.

City University of
Hong Kong, China
Johnny Chan and colleagues have
issued seasonal tropical cyclone
forecasts for the North-west Pacific
basin (number of tropical cyclones and
typhoons) since 1997. The statistical
predictions are based on various
environmental conditions in the prior
year, up to the northern hemisphere
spring of the forecast season. The
most prominent atmospheric and
oceanic conditions include ENSO,
the extent of the Pacific subtropical
ridge and the intensity of the India-
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parameters (see Table II) (Ballester
et al., 2004(a) and (b)). The Cuban
Meteorological Institute also issues
statistical landfall forecasts for Cuba
based on a discriminant function
methodology (Davis, 1986).
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Climatological mean
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Figure 2 — NOAA forecasts (May and August leads) and observations for tropical
cyclones with tropical storm intensity or higher, hurricanes, major hurricanes and ACE
(Accumulated Cyclone Energy, Bell et al., 2000) for the period 1998-2006

Cuban Meteorological
Institute

City University of Hong Kong
June forecasts
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The Cuban Meteorological Institute
has been issuing seasonal forecasts
of Atlantic hurricane activity since
1996. Currently, the Cuban seasonal
forecast is based on the solution of a
regression and an analogue method
and predicts various tropical cyclone

300 | WMO Bulletin 56 (4) - October 2007

TS+TY forecasts
TS+TY observations
TS+TY forecasts
TS+TY forecasts

35
Number of tropical cyclones

Burma trough (Chan et al., 1998). For
a few years, forecasts of the number
of tropical cyclones making landfall
were also issued (Liu and Chan,
2003). Currently, the landfall forecast
scheme for the South China Sea is
being improved. The City University
of Hong Kong, China, forecasts
and the verifications are shown in
Figure 3. In most years, the observed
number of tropical cyclones is within
the range of the forecast number of
tropical cyclones, with the exception
of 2006.

James Elsner and colleagues have
been developing techniques for
modelling seasonal hurricane activity
and landfall. Although their forecasts
are not produced operationally, their
methodology is currently used to
issue region-specific forecasts for
various companies (James Elsner,
personal communication, 2006). The
FSU group pioneered various topics in
seasonal forecasting, such as the use
of a Poisson distribution for hurricane
counts (Elsner and Schmertmann,
1993), the influence of the phase
of the North Atlantic Oscillation on
Atlantic hurricane tracks and US
coastal hurricane activity (Elsner et
al., 2001), and the development of a
skilful statistical model for seasonal
forecasts of landfall probability over

2000

2001
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2003

2004

2005

2006

2007

Year

Figure 3 — Verification of the City University of Hong Kong, China, forecasts issued
in early June: (top) the number of tropical storms and typhoons (TS+TY) observed and
forecast range; (bottom) the number of typhoons (TY) observed and forecast range.
In green are the mean climatological number and the corresponding climatological
standard deviation.

Table II — Seasonal tropical cyclone forecasts: predictors and outputs used for each group. The group acronyms are defined in
Table I. Other acronyms: TCs (tropical cyclones), ENSO (El Niño-Southern Oscillation) , SST (sea-surface temperature), SLP (sealevel pressure), SOI (Southern Oscillation Index), OLR (outgoing long-wave radiation) and MDR (main development region).
Group

Predictors

Outputs

CityU

1. ENSO
2. Extent of the Pacifc subtropical ridge
3. Intensity of India-Burma trough

1. Number of TCs
2. Number of named TCs
3. Number of typhoons

CSU

1. SST North Atlantic
2. SST South Atlantic
3. SLP South Pacific
4. ENSO
5. Atlantic meriodinal Mode

1. Number of named TCs
2. Named of named TC days
3. Number of hurricanes
4. Number of hurricane days
5. Number of major hurricanes
6. Named of major hurricane days
7. Accumulated cyclone energy
8. Net tropical cyclone energy

INSMET

1. North Atlantic winds
2. ENSO
3. Intensity of the Atlantic subtropical ridge
4. SST North Atlantic
5. Quasi Biennial Oscillation

1. Number of named TCs
2. Number of hurricanes
3. Number of named TCs in the Atlantic MDR, Caribbean and
Gulf of Mexico (separately)
4. First day with TC genesis in the season
5. Last day with a TC active in the season
6. Number of named TCs that form in the Atlantic MDR and
impact the Caribbean

ECMWF

1. Coupled dynamical model
2. Model TCs identified and tracked

1. Number of named TCs
2. Mean location of TC genesis

IRI

1. Various SST forecast scenarios.
2. Atmospheric models
3. Model TCs identified and tracked.

1. Number of named TCs
2. Accumulated cyclone energy (northern hemisphere only)
3. Mean location of TCs (western North Pacific only)

Macquarie U.

1. SOI index
2. Equivalent potential temperature gradient

1. Number of TCs
2. Number of TCs in the Coral Sea

Met Office

1. Coupled dynamical model
2. Model TCs identified and tracked

1. Number of named TCs

SMN

1. SST anomalies
2. Equatorial wind anomalies
3. Equatorial Pacific OLR

1. Number of TCs
2. Number of tropical storms
3. Number of hurricanes
4. Number of major hurricanes

NOAA
(Atlantic and
Eastern Pacific)

1. ENSO
2. Tropical multi-decadal mode
3. Atlantic SST

1. Number of named TCs
2. Number of hurricanes
3. Number of major hurricanes
4. Accumulated cyclone energy

NOAA
(Central Pacific)

1. ENSO
2. Pacific Decadal Oscillation

1. Number of TCs

Tropical Storm
Risk (TSR)

1. Trade winds
2. MDR SST
3. ENSO
4. Sea-level pressure central Northern
Pacific

1. Number of named TCs
2. Number of hurricanes
3. Number of major hurricanes
4. Accumulated Cyclone Energy
5. ACE landfalling TCs
6. Number of landfalling named TCs
7. Number of landfalling hurricanes
8. Number of landfalling major hurricanes
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the south-eastern USA (Lehmiller et
al., 1997). More recently, Elsner and
Jagger (2006) built a Bayesian model
for seasonal landfall over the USA,
using as predictors May-June values
of the North Atlantic Oscillation; the
Southern Oscillation Index; and the
Atlantic Multi-decadal Oscillation.

National Meteorological
Service of Mexico
The National Meteorological Service
of Mexico has produced a seasonal
tropical cyclone activity forecast
for the Nor th-east Pacific basin
since 2001. Their methodology uses
analogue years and was originally
developed by Ar thur Douglas at
Creighton University. The forecasts
are first issued in Januar y and
updated in May, June and August.
Various predictors are used, including
SSTs and atmospheric circulation
patterns over the North Pacific and
outgoing long-wave radiation over the
equatorial Pacific. A cluster analysis is
then used to identify the most similar
years in the historical record.

Australia/SouthWest Pacific
Forecasts for the Australian/SouthWest Pacific region are presented
annually in the December issue of
the Experimental Long-Lead Forecast
Bulletin since the 2004–2005 season.
These forecasts are based on a
Poisson regression model and use
as predictors the September saturated
equivalent potential temperature
gradient and the Southern Oscillation
Index (McDonnell and Holbrook,
2004(a), (b)). They also developed
forecasts for smaller subregions,
among which the highest hindcast
skill is in the Coral Sea, where ENSO
has its strongest influence.

Other forecasts
The China Meteorological
Administration has been issuing
forecasts of typhoon activity for the
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western North Pacific since the early
1980s. Since 1995, when the National
Climate Centre was established, a
nationwide workshop has been held
in April. Forecasts for landfalling
typhoons in the South China Sea
and eastern China have also been
developed. These seasonal forecasts
are being continuously improved by
the National Climate Centre and the
Shanghai Typhoon Institute.
The North Carolina State University
forecast group presented a new
seasonal forecast methodology
for Atlantic hurricanes at the 27th
C onferenc e on Hurric anes and
Tropical Meteorology of the American
Meteorological Society (T. Yan et al.,
2006) and gave their forecast for the
2006 season. These forecasts for
number of hurricanes and number
of landfalling hurricanes are based
on ENSO, vertical wind shear, the
Atlantic dipole mode and the North
Atlantic Oscillation, as discussed in
Xie et al. (2004, 2005).
It is likely that other statistical
forecasts are being issued by various
agencies around the world of which
we are not aware.

Dynamical tropical
cyclone seasonal
forecasts
Many studies have shown that lowresolution climate models are able
to simulate tropical cylone -like
disturbances (e.g. Manabe et al.,
1970; Bengtsson et al., 1982). These
disturbances have properties similar
to those of observed tropical cyclones
but are typically weaker and larger
in scale. They are more realistic in
higher-resolution simulations (e.g.
Bengtsson et al., 1995).
While low-resolution simulations are
not adequate for forecasting individual
cyclone tracks and intensities, some
climate models have skill in forecasting
levels of seasonal tropical cyclone
activity. They are able to reproduce
typical ENSO influences (e.g. Vitart
et al., 1997).

The International Research Institute
(IRI) for Climate and Society, the
European Centre for Medium-range
Weather Forecasts (ECMWF) and
more recently the UK Met Office issue
experimental seasonal forecasts of
tropical storm frequency based on
dynamical models. The IRI and Met
Office forecasts are freely available
on the Web. The ECMWF forecasts
are available online to collaborating
agencies. The ECMWF and Met Office
forecasts are based on coupled oceanatmosphere models (Vitar t and
Stockdale, 2001). The experimental
IRI forecasts are obtained using a twotier procedure. First, various possible
scenarios for SSTs are predicted,
using statistical or dynamical models.
Then, atmospheric models are forced
with those predicted SSTs. In both
cases, the tropical cyclone -like
vortices are identified and tracked
in the atmospheric model outputs
(e.g. Camargo and Zebiak, 2002). The
IRI also issues ACE forecasts based
on dynamical models for several
northern hemisphere regions. The IRI
forecasts are probabilistic by tercile
category (above normal, normal,
below normal), as in the example for
the Atlantic in 2006 (Figure 4). The
rank probability skill score for the
IRI July forecasts for the months of
August to October in the Atlantic for
the period 2003-2006 is positive with
an approximate value of 0.12.
T h e s k ill o f s o m e o f t h e b e s t
performing dynamical models in
predicting the frequency of tropical
storms is comparable to the skill of
statistical models in some ocean
basins. Over the North and South
Indian Ocean, dynamical models
usually perform poorly (Camargo
et al., 2005). It is not clear to what
extent this is due to model errors or
to a lack of predictability. Similarly
to the seasonal climate forecasts,
combining different model forecasts
(multi-model ensemble forecasts)
appears to produce overall better
forecasts than individual model
ensemble forecasts (Vitart, 2006). The
hindcast skill of various dynamical
climate models in predicting seasonal

Probability forecasts for number of tropical cyclones
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An alternate approach for forecasting
tropical cyclones using climate models
involves simulating the interannual
variability of environmental variables
that affect tropical cyclone activity (e.g.
Ryan et al., 1992). A drawback of this
approach is that it requires a choice
of which variables or combinations
of variables should be analysed.
Recently, a few studies compared
both approaches using the same
climate models (e.g. McDonald et al.,
2005; Camargo et al., 2007(b)). Both
approaches may be used in the future,
since they are complementary.

0
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Figure 4 — IRI experimental dynamical forecast probabilities for the August-October
(ASO) 2006 period in the Atlantic for different lead times. The normal category is defined
as six to nine named tropical cyclones, the below-normal category as five or less named
tropical cyclones and the above-normal category as 10 or more named tropical cyclones.
In 2006 there were seven named tropical cyclones in the Atlantic during ASO, i.e. the
season was in the normal category.

Seasonal prediction of tropical cyclone
landfall represents a major challenge
for dynamical models. Tropical
cyclones take an unrealistically
poleward track in some of the models
used in seasonal forecasting systems,
due partly to the coarse horizontal
model resolution, which leads to
larger vortices than observed ones.
These larger vortices would likely be
more influenced by the beta effect.
Finer-resolution climate models are
able to reproduce landfall differences
related to ENSO impacts, such as in

Mozambique (Vitart et al., 2003).
Another possible approach to predict
the risk of tropical cyclone landfall
using dynamical models would
incorporate statistical techniques
such as track clustering (Camargo
et al., 2007(a)).
Forecast

Number of tropical storms

tropical cyclone activity is discussed
in Camargo et al. (2005) and Vitart
(2006). The European multi-model
(EUROSIP) dynamical forecasts of
tropical cyclone frequency skilfully
distinguished the very active Atlantic
hurricane season in 2005 from the
below-average season in 2006 (Vitart
et al., 2007). The EUROSIP forecasts are
not currently available to the public.
The predicted number of tropical
storms in the EUROSIP hindcasts
(1993-2004) and real-time forecasts
(2005-2006) is shown in Figure 5
(Vitart et al., 2007, Figure 3).

The importance of
ENSO prediction
ENSO events shif t the seasonal
te mp er a t ur e and pr e c ipi t a tion
patterns in a consistent manner in
many parts of the world (Bradley et al.,
1987; Ropelewski and Halpert, 1987).
Depending on the time of the year,
ENSO phenomena can be predicted
with modest-to-moderate skill months
in advance (Cane and Zebiak, 1985).
ENSO forecasts are routinely used as
a major component in probabilistic
seasonal climate forecasts at various
centres (Goddard et al., 2001).

Observations
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Figure 5 — Number of tropical storms from July to November predicted by the EUROSIP
(median) starting on 1 June (blue solid line) for the period 1993-2006. Hindcasts were
used for the period 1993-2004, and real-time forecasts in 2005-2006. The observations
are given in the dotted red line and the green vertical lines represent two standard
deviations within the multi-model ensemble distribution. (Figure originally from Vitart
et al., 2007)
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Tropical cyclones are also affected by
ENSO in various parts of the world.
The relationship between them was
first documented in a series of papers
by Neville Nicholls for the Australian
region (Nicholls, 1979). During warm
ENSO events, fewer cyclones occur
near Australia, while in cold events, an
enhanced risk of landfall in Australia
exists with more cyclones affecting
Queensland. The impact of ENSO
on North Atlantic cyclones was first
discussed by William Gray (Gray,
1984(a)). The influence of ENSO on
western North Pacific typhoon activity
was first explored in Chan (1985). In all
cases, the relationship of ENSO and
tropical cyclones was subsequently
developed into statistical forecasts
predicting seasonal activity.

predicting its continuation for the next
9 to 12 months is a much easier task
than predicting its initial appearance.
Even a strong El Niño, such as that of
1997/1998, was not well anticipated
before signs of the initial onset were
observed in the northern hemisphere
spring of 1997 (Barnston et al., 1999).
Even after becoming apparent in the
observations in late April and May
1997, the strength of this extreme
El Niño event was underpredicted
by most models, although a few
models did correctly anticipate the
rapid weakening in the spring of 1998
(Landsea and Knaff, 2000).
There is var ying skill in ENSO
forecasts as evidenced by the Nino3

forecasts obtained with the Zebiak
and Cane (1987) simple coupled
model (Figure 6). While these skills
are for a par ticular model, they
roughly approximate the skills for
predictions of other dynamical as
well as statistical models, because
they represent basic predictability
that is reflected similarly across most
of the present models. It is clear that
predictive skill for forecasts made in
March is high for only 2-3 months,
while, for forecasts made in August,
the skill ex tends to longer lead
times. Improvements in predictive
skill using today’s more advanced
dynamical models have been small
and it remains to be seen whether
or not substantial improvements

Jan.

The state of ENSO is of fundamental
importance in the seasonal activity
level and character of tropical cyclones
in all ocean basins. This is the case not
only because of the obvious relevance
of the ENSO state to the SST anomaly
pattern in the tropical ocean basin
but also because of the influence of
ENSO on fields of local atmospheric
variables, such as the large-scale
horizontal pattern of anomalous
circulation and geopotential height,
upper-level divergence and vertical
wind shear. Thus, our ability to predict
ENSO state several months in advance
is critical to being able to predict
tropical cyclone activity in the same
timeframe, using either statistical or
dynamical methodologies.

Nov.

Sept.

July
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Mar.

Jan.

ENSO predictability follows a wellknown seasonal cycle, in which the
ENSO state for 4-6 months into the
future is more accurately predicted
from a starting time between July and
November than between January and
March. This is due to a “predictability
barrier” that exists between April and
June, such that forecasts made just
before this period are hindered by
the barrier. The seasonal timing of
the predictability barrier is related to
the life cycle of ENSO episodes, which
often emerge between April and June
and endure until the following March
to May. Once an episode has begun,
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Figure 6 — Skill of the Zebiak and Cane ENSO forecast model for prediction of Nino3
sea-surface temperature anomalies for varying hindcast start months and hindcast
lead time. The colours indicate skill as a correlation between the hindcasts and the
corresponding observations. The vertical axis indicates the month from which the
hindcast is made and the horizontal axis is the lead time. For example, a hindcast made
from July with a lead time of two months would be a hindcast for September and with a
lead time of 24 months (right side of figure) would be a hindcast for the July two years
after the hindcast was made.

The ENSO predictability barrier has
clear-cut implications for predictions
of tropical cyclone activity in the
northern hemisphere when compared
to predictions of activit y in the
southern hemisphere. Tropical cyclone
activity in the northern hemisphere
is considerably more challenging to
predict because its peak seasons occur
shortly after the ENSO predictability
barrier. When an ENSO event appears
somewhat later than usual (as was the
case in the late northern hemisphere
summers of 1986 and 2006), the
inhibiting effect on North Atlantic
tropical cyclones is unanticipated
until the peak season of August to
October is already beginning. This can
necessitate a sudden change as a final
update to the seasonal prediction and
can potentially disrupt plans already
being followed in accordance with an
earlier seasonal prediction.
The peak season for southern hemisphere activity occurs at least 6 months
after the northern hemisphere spring
ENSO predictability barrier, which
provides a safer cushion of lead time
in which to become fairly certain about
the ENSO state to be expected during
the peak season. Thus, last-minute
surprises in seasonal outlooks for
basins south of the Equator are less
likely to be impacted by inaccurate
ENSO outlooks. Nonetheless, it is
clear that a major hurdle in improving

IRI Model Forecasts of ENSO from May 2006
3
Verification
Observations by April 2006
Dynamical forecasts
Statistical forecasts

2.5
2
1.5
Nino3.4 (°C)

are possible, given the inherent
signal-to-noise characteristics of the
ocean-atmosphere system. The “slow
physics” relevant to ENSO dynamics
may become better predicted by both
statistical and dynamical models of
the future. However, better prediction
of the shorter time-scale events that
can also be important in triggering
El Niño onset, such as the MaddenJulian Oscillation, may prove to be
nearly impossible at multi-month lead
times. The May forecasts by many
statistical and dynamical models for
the El Niño event of 2006/2007 are
shown in Figure 7. Very few models
were able to forecast this event, which
had a late onset and was not very
strong.
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Figure 7 — May 2006 statistical and dynamical forecasts for the Nino 3.4 index
(anomalies) using April observations. Observations for the Nino 3.4 region are also
shown.
predictions for any ocean basin is the
far-from-perfect quality of today’s
state-of-the-ar t ENSO forecasts.
Indeed, Landsea and Knaff (2000)
showed that it is still very difficult to
outperform a simple statistical model
that uses as predictors only the recent
evolution of SST anomalies in a few
tropical Pacific regions. This modest
skill level for detecting El Niño onset
still exists in 2007, as demonstrated
by the poor predictions of the latestarting 2006/2007 El Niño (Figure 7). If
the ENSO forecast challenge could be
overcome, the skill of predictions could
improve significantly—most notably
in the northern hemisphere.

Verification and
evaluation of
seasonal tropical
cyclone forecasts
As for predictions of any aspect
of seasonal climate, predictions
of tropic al cyclone ac tivit y are

subject to legitimate verification and
evaluation (Hastenrath, 1990; Owens
and Landsea, 2003). Verification
measures help communicate the
quality of future predictions to users
who need to know how to reasonably
apply them in their decision-making
processes. Predictions of tropical
c yc lone ac tivit y are expre s sed
deterministically (e.g. a forecast of
either the exact number of tropical
cyclones or a specif ic range of
their numbers in a given ocean
basin during the p eak s eason )
or probabilistically (e.g. forecast
probabilities for an underactive,
a near-normal or an over-active
s e a s o n ) . S u i t a b l e ve r i f i c a t i o n
measures for past predictions of the
same kind given in real-time and/or
properly cross-validated hindcasts
over an extended past period during
which real-time forecasts were not
issued, are an absolute necessity.
Even the best attempts at crossvalidation may produce a somewhat
too optimistic skill estimate relative
to the skill expected for real-time
forecasts (Barnston et al. 1994).
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Given the widespread dissemination
of new seasonal tropical cyclone
forecasts, it is fundamental that
all forecast agencies should follow
standard guidelines for producing and
verifying these forecasts. A Website
is currently being developed that will
include seasonal climate forecasts
issued by various agencies. To
participate, the agencies must follow
the WMO guidelines for seasonal
forecasts. At the IWTC-VI meeting
in Costa Rica, it was suggested that a
similar Website could be developed for
seasonal tropical cyclone forecasts.
Guidelines and standards must first be
developed such as for other seasonal
climate forecasts.
One necessar y step is to define
common metrics for the seasonal
tropical cyclone forecast outputs,
such as number of named storms,
number of hurricanes, number of
major hurricanes, and accumulated
cyclone energy). Dynamical forecasts
currently do not issue forecast number
of hurricanes and major hurricanes,
mainly because of the low resolution
of the models, but that could be
achieved in the future with higher
resolution models. Some forecast
variables produced by individual
groups, such as number of hurricane
days, would not be required for all
agencies.
Another important consideration
for setting up guidelines for tropical
cyclone seasonal forecasts is the
verification measures. Table III has
a list of skill measures that could
be used. It is emphasized that a
combination of various skill measures
gives a more complete evaluation of
the skill of the forecasts.
Verification measures are of ten
formulated as a comparison with
a set of reference forecasts made
using a much simpler and uninformed
method, such as perpetual climatology
forecasts or perpetual persistence
of observations from the previous
year or averaged over the previous
n years. Such so-called “skill scores”
are often scaled to be zero when the
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actual forecasts attain skill equal to
that of the reference forecasts and
one (or 100 per cent) when they
are perfectly accurate. The choice
of a reference forecast is vital to an
understanding of the meaning of
the skill score. Climatology is often
used as the reference forecast—
a forecast for the long-term mean
number of tropical cyclones as a
deterministic forecast or a forecast
for climatological probabilities (e.g.
33.3 per cent for each of the tercilebased categories) as a probabilistic
forecast.
Outperforming a climatology reference
forecast is not usually considered
difficult when some predictive skill is
assumed to exist. On the other hand,
setting the reference forecast to be the
skill of a statistical model in verifying
a dynamical model could be setting
the reference forecast standard too
high. Statistical models may be able
to capture much of the available
predictability inherent in the climate
system through the observed historical
data. Table III has a suggested list of
verification measures for deterministic
and probabilistic forecasts.
Examples of verification measures
that have commonly been used with
climatology forecasts as the reference
are the mean square error skill
score (MSESS; WMO, 2002) and the
ranked probability skill score (RPSS;

Epstein, 1969) for deterministic and
probabilistic forecasts, respectively.
The conventional (i.e. Pearson)
correlation coef ficient or the
Spearman rank correlation coefficient
are also informative when applied to
deterministic forecasts. When the
correlation is applied to a small subset
of a much longer climatological base
period, the uncentred correlation
coefficient, where the climatological
mean is not removed in computing the
standard deviations and subsequently
for the deviations of the crossproducts, may be a more suitable
verification measure than the standard
correlation. This is particularly true
when the mean values for the subperiod differ noticeably from the
overall climatological means.
In the case of dynamical forecasts,
the skill of hindcasts should be
provided (e.g. Camargo et al., 2005).
For statistical prediction methods,
cross-validation (Michaelsen, 1987) is
needed to help reduce artificial skill
that can exist in the training data
sample but vanishes when the method
is applied to a real-time forecast for the
future. Statistical methods optimize
results within the training sample and
cannot filter out the component of
skill related to fitting the adjustable
parameters (such as the weighting of
each of the predictors in a multiple
linear regression technique) to the
random variations in the sample being

Table III — Verification skill scores suggested for deterministic and probabilistic
TC activity seasonal forecasts. Most of these scores are described in standard
statistical books, such as Wilkes (1995). The natural categories skill score is in
Owens and Landsea (2003), while the likelihood score is described in Harte and
Vere-Jones (2005).
Type of Forecast

Verifications : skill scores

Deterministic

1. Root mean square error skill score
2. Pearson correlation coefficient
3. Spearman rank correlation coefficient
4. Uncentred correlation coefficient (short periods)
5. Bias compared to climatology
6. Percentage improvement over trend
7. Normalized natural categories skill score

Probabilistic

1. Ranked probability skill score
2. Relative operating characteristic (ROC) skill score
3. Likelihood skill score

used. In cross-validation, forecast
models are derived from all cases
except for one (or more) that are
withheld, and these cases are then
used as the target(s) of the prediction.
This is repeated with all possible
cases, or sets of cases, withheld and
used as the target(s). The anomaly
values of the cases withheld must be
expressed in terms of the climatology
formed from the remaining years,
which changes slightly each time a
new case(s) is withheld.
Skill estimates resulting from crossvalidated forecasts are nearly always
somewhat lower and more indicative
of skills to be expected in future cases.
When true skill is very high (e.g. the
correlation between forecasts and
corresponding observations > 0.6),
cross-validation results in only slightly
lower skill than those in the training
sample. When true skills are low (e.g.
0.2 to 0.4), cross-validation results
are markedly lower and occasionally
negative.
Skill estimates produced using crossvalidation may be used to dampen
the amplitude of real-time statistical
forecasts that use an entire training
sample for predicting a future case in
real-time. Such damping helps hedge
against some artificial skill that may
be present in the real-time forecast.
For example, if a real-time regression
forecast has an expected skill of 0.5 (as
indicated by the variance explained by
the model using all available past years
for training) but the cross-validated
correlation skill score for the same
model is 0.4, then the amplitude of the
anomaly of the real-time forecast for a
future month would be decreased by
the factor of 0.4/0.5 or 0.8 to account
for the over-confidence associated
with over-fitting to the finite data
sample.
One important aspect to keep in
mind is that different tropical cyclone
regions have very different potential
predictabilities. These differences are
due to various factors, such as the
basin climatological characteristics,
the strength of the basin relationship

with ENSO and the timing of the basin
tropical cyclone season relative to
the ENSO cycle. Further research
is necessary to gain a clear picture
of this potential predic tabilit y.
Unfortunately, the inhomogeneity
of best-track datasets and possible
biases in dynamical models prevent
an accurate estimate of the potential
predictability.

Currently, various agencies are issuing
tropical cyclone forecasts. It is of
fundamental importance to establish
standards for the development and
verification of these forecasts, so
that users are able to apply them
appropriately. A single Website could
be developed by WMO to give easy
access to all forecasts that follow the
WMO guidelines.

Summary

Acknowledgments

Statistical seasonal tropical cyclone
forecasting has come a long way since
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Title
Fifty years ago ...
and regional associations and the
Technical Assistance Programme.

International
Geophysical Year

The picture on the cover showed
instrument mechanics in a workshop
of the Pakistan Meteorological
Service.

Contents*
Contents in the October 1957 Bulletin
covered the second sessions of the
Commission for Instruments and
Methods of Observation and of the
Commission for Aerology, international
coordination of meteorological
activities, International Geophysical
Year, Hamburg comparisons of longwave radiometers and meteorology as
a three-dimensional science, as well as
activities of the technical commission
* A fuller account of the October Bulletin
50 years ago is available in the October
2007 edition of MeteoWorld on the Web:
http://www.wmo.int/pages/publications/
meteoworld/_en/index_en.html
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The opening of the International
geophysical Year on 1 July 1957 was
appropriately heralded by a burst of
solar activity ad a severe magnetic
storm which were duly announced
to observing stations all over the
world by the ALERT warning system.
For meteorologists the IGY began
a few minutes before midnight on
30 June 1957 when several hundred
radiosonde balloons were launched
to measure the temperature, pressure
and humidity to heights of up to
30 km.
T ha t is was p os sible to a t t ain
unanimous decision on the technical
aspects of this major project [world
weather charts] is a good illustration
of what might be termed “the IGY
spirit”, thanks to which countries have
shown themselves willing to make
considerable sacrifices in order to
contribute to the success of the IGY.

The Hamburg
comparisons of longwave radiometers
The comparisons took place over
two periods partly with the same

and partly with different instruments.
Sixteen different models were tested
and 23 radiation specialists from
10 countries participated in these
first comprehensive comparison of
radiation instruments.
T h e H a mb ur g c o mp ar i s on s o f
long-wave radiometers and
radiation balance-meters represent
a ver y s a tis fac tor y suc c e s s of
international cooperation in the
field of meteorological radiation
research; they have led to a thorough
knowledge of the problems arising
in such investigations and to a
better understanding of the various
constructions.
… It is to be hoped … that the occasion
of the International geophysical Year
will increase the interest for the study
of long-wave radiation processes in
the atmosphere and of the radiation
balance of the ground.

New building for
the Secretariat
Since 1951, when the Secretariat
moved from Lausanne to Geneva it has
been housed in a barrack-type building
which was offered temporarily by the
Canton of Geneva.
The question of a permanent
building for the Secretariat was
discussed as early as first Congress
but the realization of this project

has always been delayed by various
difficulties.
As a result of its growth during the last
six years, it has become increasingly
difficult for the Secretariat to perform
its func tions adequately in this
temporary building both on account
of its unsuitable nature and its
inadequate size. Last year it became
necessary to rent three flats in the
neighbourhood of the Secretariat to
house the Technical Assistance Unit
and the International Geophysical
Year Meteorological Data Centre,
and storerooms have also had to be
rented in other parts of the town.
This dispersal of accommodation has
proved to be very inconvenient.
Af ter various possibilities of
constructing a permanent building
for the Secretariat had been carefully
investigated, the Executive Committee
in Januar y 1957 agreed that the
offer of the Canton to construct this
building in the Avenue GiuseppeMotta near the Place des nations
should be put before the Members
of the Organization for their final
approval. After a postal ballot the
Members approved the proposal by
a very large majority. Negotiations
are now proceeding with the Canton
authorities for the construction of the
building which should be completed
in 1959 or 1960.
The building will consist of a main
part, containing offices and an annex

containing the library and a conference
room large enough for the sessions
of the Executive Committee. The total
useful space will be approximately
2 360 square metres. The building
may be either rented from the canton
or purchased by the Organization.

Meteorological
photographs
The photographic archives of the
WMO Secretariat now contain a
series of photographs illustrating
the activities of the Organization in
various parts of the world as well as
different aspects of meteorology and
its applications. A selection of these
photographs has appeared in past
issues of the WMO Bulletin.
Most of these photographs have been
specially commissioned whilst others
were supplied by meteorological
services. To enable this collection
to be improved still fur ther, the
secretariat would be glad to received
from meteorological ser vices or
individuals negatives of any good
photographs on agricultural or
maritime meteorology.

Obituary for Carl
Gustaf Rossby

Rossby was an outstanding scientist
in meteorology and oceanography
and pioneered research in many
branches of these sciences.
Together with E. Palmén, Rossby
proved the existence of the jet steam
and his work on the conservation of
absolute vorticity became the basis
for modern numerical forecasting
methods.
Alf Nyberg recalled that Rossby had
studied under Vilhelm Bjerknes in
Bergen. He went on to work at the
Massachusetts Institute of Technology
where he established a meteorological
department, which he directed until
1939. After two years with the United
States Weather Bureau he became
professor at the University of Chicago
in 1941. After 6 years there he was
called back to Sweden as professor
at the University of Stockholm and
scientific adviser at the Swedish
Meteorological and Hydrological
Institute.
Rossby created the International
Meteorological Institute in Stockholm
with support from UNESCO.

Membership
Albania became a Member State
of WMO on 28 August 1957. There
were now 75 Member States and 22
Territories.

Carl Gustaf Rossby died suddenly,
aged 59, in Stockholm on 19 August.
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Title
Reviews
Reviews
The Science and
Politics of Global
Climate Change—A
Guide to the Debate

Andrew E. Dessler,
Edward A. Parson.
Cambridge University Press (2006).
ISBN 0-521-53941-2.
ix + 190 pp.
Price: £19.99/US$ 34.99

The book tries, successfully, “ to
clarify both the scientific and policy
arguments now being waged over
climate change” and “to help the
concerned,non-exper t citizen to
understand what is known about
climate change and how confidentially
it is known in order to develop an
informed opinion of what should be
done about the issue”. The authors
(A.E. Dessler is Associate Professor in
the Dept of Atmospheric Sciences at
Texas A & M University and E.A. Parson
is Professor of Law and Associate
Professor of Natural Resources and
Environment at the University of
Michigan) provide not only a resum of
the scientific knowledge available on
global climate change but also of the
problems - and some of the solutions
- with regard to policy options. The
material is suitable for use in high
schools and colleges.
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The first Chapter examines “global
climate change as a new and difficult
to manage environmental problem”
particularly because the changes
projected for the twenty-first century
are much larger than those of the
twentieth century variations and
their human impacts are likely to be
correspondingly greater - and possibly
catastrophic. The authors provide a
series of published statements that
give “a sense of the range of views
about climate change” from, for
example, Jerry Mahlmann, former
Director of the US Geophysical Fluid
Dynamics Laboratory and from “ the
well-known scientific skeptic S. Fred
Singer”. The book draws attention to
the attempts made by government
and learned society bodies to obtain
information about misinformation,
which underline the fact thatthere
is more and more evidence that
p s e ud o / p hon ey s c ie n tis t s an d
media professionals are willing to
propound and to publish - if paid
enough - messages dictated by their
media masters or by multinational
corporations. The authors suggest
that “the risk of being discredited
for advancing weak or false scientific
arguments is small due to the lower
standards of evidence and argument
in policy than in scientific areas”.
Mike Baker

The Turbulent
Ocean

S.A. Thorpe. Cambridge University
Press (2005).
ISBN 0-521-83543-7.
xviii + 439 pp.
Price: £45/US$ 75.

Early studies of ocean turbulence
required profound creativity. The
ocean offers a vast range of potential
time- and space-scales, but the
technological challenge in sampling
more than a tiny slice of this range was
overwhelming. For example, could
turbulent dispersion over sufficiently
large scales be parameterized as
diffusivity, as in the theory of Geoffrey
Ingram Taylor (1921)? If so, what is
“sufficiently large” in the ocean? In
an attempt to answer this question,
Lewis Fry Richardson and Henry
Stommel dropped pairs of parsnips
from a pier in 1948, measuring their
separation rate; they determined
that the effective diffusivity grows
with separation distance out to
the largest distances observable
in the experiment, consistent with
Richardson’s earlier observations of
plumes from a smokestack.
By the 1980s, the study of ocean
turbulence had become a specialized

subset of physical oceanography. As
such, the primary focus remained on
relatively small scales, although the
advent of satellite-tracked floating
instruments allowed early pioneers
to examine dispersion (driven by both
turbulence and large-scale shear in
the mean currents) over ever-broader
distances. Theoretical calculations,
most notably by Walter Munk, had
already demonstrated the large-scale
significance of diapycnal (densitychanging) mixing in set ting the
structure of abyssal stratification,
but these theoretical values were
not testable with the existing suite
of observations.
Then, in the 1990s, ocean turbulence
became a central focus of physical
oceanography when in situ
observations of effective diapycnal
diffusivity, pioneered by James Ledwell
and collaborators, demonstrated an
order-of-magnitude mismatch with
the canonical theoretical value. A large
number of studies have subsequently
focused on spatial variations in mixing
rates, driven, for example, by internal
wave-breaking in undersea valleys, and
the relative significance of processes
(not only mixing) that change water’s
density and set the structure of the
ocean’s three-dimensional circulation.
None of these developments would
be possible without the recent
introduction of robust, high-tech
instruments capable of collecting
and transmitting data in the harsh
environment of corrosive saltwater,
often under extreme pressure.
The Turbulent Ocean approaches
this subject with a focus on the
range of processes associated with
turbulence, the suite of observations
characterizing these processes,
and the effects of turbulence (e.g.
mixing) on the ocean. The author is a
leading expert in the field, with a vast
publication history focused primarily
on internal waves, seiches and finescale ocean turbulence.
The first chapter of the book is
an over view of the terminology
and fundamentals of turbulence

and demons trates a c onc er ted
effort throughout to minimize the
mathematics so that it is accessible
to a physics undergraduate student.
It proceeds to highlight the historical
development and f undament al
significance of ocean turbulence in
modern physical oceanography, from
Richardson and Stommel’s parsnip
experiment to the latest estimates
of globally-averaged energy transfer
into breaking internal waves.
Chapter 2 presents an over view
of internal waves, including their
characteristics, wave-wave interaction
and generation. Chapters 3-5 describe
various turbulent processes, with
numerous clear illustrations and
laborator y tank photographs of
developing instabilities, convective
over turning and other t ypes of
turbulent processes to guide the
reader in understanding generation,
development and structure.
Chapter 6 reviews the instruments
used in past and present studies
to measure turbulence and mixing
and focuses upon how, and how
well, various key coefficients and
parameters are measured. Chapters 79 present observations of turbulence,
and related proper ties, such as
dispersion, in the interior, bottom and
surface boundary layers of the ocean.
Chapters 10-12 focus on particular
subdomains : shallow seas, sur f
zones, and bathymetric features such
as submarine canyons and fjords.
From these relatively small scales,
Chapter 13 jumps to the mesoscale
and gyre-scale features of ocean
turbulence, including its impacts on
ocean dispersion and mixing.
The Tubulent Ocean cannot replace
basic textbooks, nor is it intended
to do so. Thorpe aims instead to
provide an accessible look at the
basic processes that lead to ocean
turbulence and their ef fec ts on
ocean dispersion, characteristics
and c ir c ula tion. The Turbulent
Ocean succeeds impressively in
this endeavour. It certainly provides
a comprehensive overview of the

field, from the earliest experiments in
turbulence to recent multi-institution
oceanographic projects such as the
Brazil Basin and Hawaiian Ocean
Mixing experiments. Numerous
footnotes provide examples, citations,
and colourful asides.
The most impressive aspect of The
Turbulent Ocean is the obvious
effort to provide clear illustrations
whenever possible, ranging from data
time series to sketches and diagrams
to photographs. For example, a
discussion of turbulence in unstratified
shear flow, focusing on the billows,
braids and knots that characterize
the flow, is accompanied by a colour
photograph of the ocean surface, a
series of schematic diagrams and
several photographs from laboratory
tank experiments. Similar examples
can be found throughout the book,
and serve to guide the reader toward
a more intuitive feel for the processes
being described.
Thorpe takes the reader on an
impressive and inspiring tour of
ocean turbulence. His passion for the
subject is obvious and infectious. The
Turbulent Ocean is ideal for exposing
higher-level undergraduate and
graduate students to our current state
of knowledge in this field and how we
obtained it. It is also an excellent field
guide for researchers seeking both
a comprehensive review of ocean
turbulence literature and a deeply
insightful and experienced view of
what is unknown. The reader will
undoubtedly recall passages of the
book when watching a tide course
through a restricted channel or
convergent streaks forming across
the surface of a bay … or even when
passing the parsnips at the local
grocery store.
Rick Lumpkin
Rick.Lumpkin@noaa.gov
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Title
Obituaries
Roman Kintanar
He was, for 36 years (1958-1994), the
revered leader of meteorology in the
Philippines and for eight remarkable
years (1979-1987) the much-loved
President of WMO; a brilliant member
of a brilliant family, a veteran of eight
World Meteorological Congresses and
a man so modest that, in early 1979, he
was among the last to realize that the
entire WMO community had already
decided that he should become the
fifth President of WMO.
Roman L Kintanar was born in Cebu
City, the Philippines, on 13 June 1929
and died on 6 May 2007 in Manila
in his 78th year. Fifth in a family of
12 children and the son of a Philippine
Congressman who chose resistance
over surrender during World War II,
his boyhood was shaped by politics,
family, war and a love of nature. With
top marks at school, he was admitted
to the University of the Philippines
in 1947. In June 1948, he added a
part-time job as an observer with
the Weather Bureau, later, under his
leadership, to become the Philippine
Atmospheric, Geophysic al and
Astronomical Services Administration.
Bachelor’s degree completed, he
threw himself into teaching university
physics but it was not long before he
succumbed to the promise from elder
brother Dodong, a 1952 Fullbright
Scholar, of a much-longed-for 22calibre rifle if he too would apply
for a scholarship to study abroad.
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So, by mid-1953, with the support
of his own Fullbright Scholarship,
he was off for a Master’s degree in
physics from the University of Texas,
chosen, as much as anything, so that
he could “be in the big wide country
among cowboys”. Back in Manila,
he became engaged to law student
Generosa (Genie) Perez in mid-1956,
but it was not long before he was
off again to the University of Texas
and his PhD. As Doctor Kintanar, he
returned to Manila in June 1958 and
was appointed by President Carlos P.
Garcia of the Philippines as the new
Director of the Weather Bureau on
1 August 1958. He was just 29.
On 10 January 1959, Roman married
Genie at Lourdes Church, Quezon City.
They had two sons Maharlika and
Tagumpay, born in 1960 and 1961, and
a daughter Lualhati (Ningning) born
in 1964. It was Ningning who painted
the engaging portrait of Dr Kintanar
which now hangs in the entrance
hall of the WMO Headquarters in
Geneva. The wonderful Kintanar
family story, the farming and building
years, the typhoon traumas, the
international career, and the love
of art and collections of every kind
are told with characteristic Kintanar
simplicity and humour in his memoirs
published in 1998: Shapers of New
Asia. Some fascinating insights into
Roman Kintanar’s career are to be
found in Hessam Taba’s interview in
the October 1994 issue of the Bulletin
and the Kintanar retrospective on
WMO’s first 50 years in his World

Meteorological Day Address of March
2000 in Melbourne.
The s tor y of Roman Kintanar ’s
international career is a large part
of the story of WMO. He served as
Permanent Representative of the
Philippines with WMO from 1959 to
1995, vice-president of WMO Regional
Association V (South-West Pacific)
from 1962 to 1966 and President from
1974 to 1978. He then served briefly
as Third Vice-President before his
unanimous election as President in
May 1979. He was a member of the
Executive Council for 22 years (19741995) and Chairman of the Executive
Council Panel of Experts on Education
and Training for 16 years (1979-1995),
as well as chairman of many other
WMO and related international panels
and committees, especially those
associated with typhoon research
and natural disaster reduction.

Roman Kintanar began his career
as a wea ther ob ser ver and he
maintained a life-long affection for
weather observers throughout the
world. He enjoyed teaching and took
great pride in the establishment of
a WMO Regional Meteorological
Training Centre at the University of
the Philippines. He attended his first
WMO Congress in 1963 and, 12 years
later, was the obvious choice for the
daunting task of chairing one of the
two Working Committees of Seventh
Congress.
Such was his efficient, insightful,
endearing style of chairmanship
that no one was surprised when the
Congress Nominations Committee
submitted his name for election as
Second Vice-President of WMO,
against Yuri Izrael of the USSR. Such
was his humility and personal loyalty
that, on learning of his nomination, he
was aghast at the thought of running
against his good friend Yuri Izrael,
the more so since his election would
probably have excluded another
good friend and mentor, Bill Gibbs
of Australia, from a place on the
Executive Committee. So, in one of
the most gracious speeches at that or
any other Congress, Dr Kintanar asked
for the floor, expressed his thanks for
the honour of nomination, declined to
stand and concluded to resounding
applause: “I have the highest regard
for Dr Yuri Izrael as a scientist, an
administrator and a leader, I would
much rather vote for him than for
myself”. There were few dry eyes in
the room and few who did not, at that
moment, recognize in Dr Kintanar the
personal qualities that were destined
to bind WMO together into the tightly
knit global family that it was, just a
few years later, to become under his
presidency.
Dr Kintanar was widely honoured
during his career but he always found
it hard to accept that the recognition
he received really was for him rather
than for those who worked with him
who he felt were more deserving.
But, in retirement, he gained special
pleasure from two awards that he

received in February 1996, the 40th
IMO Prize and a presidential citation
from President Fidel V. Ramos of the
Philippines.
Dr Kintanar’s years of leadership
in WMO were deeply grounded
in his belief in the importance of
understanding all points of view.
He travelled widely for WMO and,
wherever he went, he was always
listening, watching and learning.
All who ser ved with him on the
WMO Executive Committee/Council
and Bureau, especially his closest
friends and admirers, Patrick Obasi
(Secretary-General 1984-2003), Zou
Jingmeng (his successor as President
of WMO), Yuri Izrael, Dick Hallgren,
Salvador Alaimo, Ber t Berridge,
Chris Abayomi, Ho Tong Yuen and
many others, often recalled the great
moments shared with Roman doing
puzzles, performing magic tricks,
or quietly solving WMO problems
whether on board ship in the South
China Sea or talking quietly late at
night in some far-flung corner of the
world. Some of the great problems of
international meteorology—including
the for-a-time threatened breakdown
of international data exchange—found
the elements of their solution in such
unlikely places as the back of a minibus on the winding road from Quezon
City to the Romarosa farm in Tanay,
Rizal.
He and Genie were warm, welcoming
and gracious hosts to the thousands
of foreign meteorologists who visited
the farm and the Kintanar family home
in Don Antonio Heights, Quezon City.
Few who have been there will ever
forget Dr Kintanar’s pride in the
floodlit statue of Christ overlooking
his garden, the specially built family
chapel or the delightful meals with
the extended family. He was, in every
sense, a people person who spent
much of his life, quietly behind the
scenes, helping others with problems
or creating opportunities from which
they would benefit. He had a special
affection for his Filipino protégés in
the WMO Secretariat and everyone
with whom he worked in WMO was

special to him, each in their own
way.
He was a font of great wisdom but he
never sought to dominate and, even
amongst those who knew him best,
he seemed almost shy, sitting quietly
in the corner of the room at WMO
social functions, his face lighting up
in an enormous smile as each old
friend came up to talk about deer
or pigs or fruit trees or the work of
the Typhoon Committee. The entire
WMO community were his friends.
As President of WMO, he had few
critics and no detractors and no one to
begrudge him his gradual realization
that, in his field, he had gained for his
country the admiration of the entire
global community. He was, in his
modest and gentle way, one of the
truly outstanding shapers of new Asia
and as fine an internationalist as the
world will ever see.
All those whose lives were touched by
the warmth and kindness of Roman
Kintanar, in the WMO Secretariat and
among his fellow “weather workers”
around the world, mourn his passing.
We all, each in our own way, give
thanks for the privilege of having been
part of his generation. We extend our
sincere sympathy to his beloved Genie
and his large extended family. As we,
in our turn, fade from the scene, our
most precious memories will always
include those of a shy, smiling, softspoken Filipino scientist who never
really quite came to understand
that, to the WMO community of his
generation, he was the best in the
world.
John Zillman
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Petru Serban

Applications (1999); Intercomparison
of Forecast Models for Streamflow
Routing in Large Rivers (2003); Water
Management—European Principles
and Rules (2006). He also coordinated
over 15 international projects.

As coordinator of water resources
management activities and of
international cooperation with
neighbouring and Danube countries,
he initiated a number of changes,
p a r t i c i p a t i n g d ir e c t l y i n t h e
development in Romania of the new
concept of river development and
restoration. Romania thus became
an important actor in Europe and
the Danube basin in the field.
Petru Serban, Director of the River
B a s in M a n a g e m e n t P l an s an d
International Cooperation Department
within the National Administration
“Romanian Waters” died on 26 May
2007. Mr Serban was an important
figure in the field of hydrology and
water management at the national and
international level, a loving father and
husband and a devoted colleague.
Immediately after graduating in 1970
from the Hydroenergetics Department
of the Poly technical Institute of
Bucharest, he worked in the field of
hydrology and water management, at
first with the Somes Water Directorate,
then with the National Institute of
Meteorology and Hydrology for
18 years of which between 1987 and
1990 he was Director of the Hydrology
Department and, after 1990, with the
National Administration “Romanian
Waters”. As a result of his research
activity we can mention his Ph.D.
thesis “Mathematical models for the
flood waves forecast under conditions
of complex water hydraulic structures”
in 1983. He also published more than
170 papers in scientifi c journals at
home and abroad, made numerous
presentations at various scientific
events and more than 10 books.
These included Dynamic Hydrology
(1989); Hydrological Synthesis and
Regionalization (1994); Deterministic
Hydrological Models (1995), Water
M anag e me nt and Hydrolo gy
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In recognition of his work, he
became, at an early age, member
of various national and international
organizations and scientific
associations: the Romanian National
Committee of the International
H yd r o l o g y P r o gr a m m e ( I H P )
(UNESCO); the Inter-governmental
Council of the IHP; the Romanian
Hydrologists’ Association; the
Academy of Agricultural and Forestry
Sciences; the Hydrology Commission
of the International Association of
Hydrological Sciences; and the New
York Science Academy. He was also
an expert in the WMO Commission
for Hydrology and rapporteur for
the WMO RA VI Working Group on
Hydrology. Within the Coordination
Council of the European Centre for
River Restoration, he was a member
of the River Basin Management
Expert Group of the International
Commission for the Protection
of the Danube River. Latterly, he
was head of the working groups of
bilateral cooperation on themes of
water management with Bulgaria,
Hungary and Serbia.
Among his contributions to WMO
activities we may mention the technical
report for the 11th session of RA VI
(Europe) (1986); Hydrological models
for water resources system design
and operation (Operational Hydrology
Report No. 34); Simulated real-time
intercomparison of hydrological

models (Operational Hydrology
Report No. 38); and elaboration of
the 39th chapter of the Guide to
hydrological practices, (WMO No.
168, fifth edition, 1994).
His scientific achievements were
recongized by the Romanian Science
Academy with the Gheorghe Munteanu
Murgoci Prize (1991) and the Stefan
Hepites Prize (1996). He was included
in the book Five Hundred Founders
of the 21st Century (International
Biographical Centre, Cambridge,
England, 2005).
Moreover, he was, at the same
time, an associated professor at
the Technical University of Civil
Engineering in Bucharest, where he
taught the postgraduate course of
Water Resources Engineering within
the TEMPUS programme, and at the
Environment Section, Geography
Faculty, University of Bucharest.
What we can say in these sad moments
is that the entire hydrology and water
management Romanian community
will try to continue what Petru Serban
started and could not end. He will
remain a living presence among those
who were close to him.
Petre STANCIU

Director, National Institute
of Hydrologyand Water
Management, and Hydrological
Adviser of Romania with WMO

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
briefl y reported below. He wishes
to place on record his gratitude to
those Members for the kindness and
hospitality extended to him.

France
On 12 June 2007 the Secretary-General
visited the Institut de recherche pour
le développement (IRD) in Paris. He
met with the Director General, Mr
Michel Laurent ,in the presence of
Mr Pierre-Etienne Bisch, Permanent
Representative of France with WMO, to
sign an agreement in the context of the
World Hydrological Cycle Observing
System (WHYCOS). Carib-HYCOS is
expected to contribute significantly
to reducing the loss of human life
and material damage caused by
water-related natural disasters in the
Caribbean, through the introduction of
modern flood forecasting and warning
systems.
The project will also serve to support
sustainable development through
the integrated management of
water resources. In order to meet
the s e obje c ti ve s, the Na tional
Meteorological and Hydrological
Services (NMHSs) of the participating
countries will be supported in the
modernization and strengthening

of their water-resources-related
activities, especially in terms of
disaster risk reduction. The project
will help to promote the exchange
of information, technology and
experience among par ticipating
countries, through the development
of a regional database that will be
accessible to all participants via the
Internet. The IRD and WMO have
reiterated their resolve to work
closely on WHYCOS implementation
and other water-related issues of
common interest, such as climate
change adaptation in the water
sector.

Tunisia
At the kind invitation of Mr Francesco
Frangialli, Secretary-General of the
World Tourism Organization (UN
WTO), Mr Jarraud visited Tunisia to
participate in the Fifth International
Tourism Forum for Parliamentarians
and Local Authorities: “Resilience,
sustainability, poverty reduction
and ef fec tiveness of tourism
policies”, which was held in Yasmine
Hammamet from 13 to 15 June 2007.
Mr Jarraud gave a keynote speech on
the subject “The impacts of climate
change on tourism”, in which he
referred to the potential impacts
of climate variability and change
in the context of natural disaster
prevention and mitigation, as well as
the increasing relevance of weather,
climate and water information for
the tourism communit y and its
operations.

Nigeria
The Secretary-General joined the
President of WMO, Mr Alexander
B e dr i t s k y, in r e pr e s en ting the
Organization at the funeral service
for the late WMO Secretary-General
Emeritus, Godwin Olu Patrick Obasi, in
his hometown of Ogori, Kogi State, on
16 June 2007. Prof. Obasi was born in
Ogori on 24 December 1933 and died
on 3 March 2007 in Abuja, Nigeria.

United Kingdom
At the kind invitation of its Director,
M r D o m i n i q u e M a r b o u t y, t h e
Secretary-General participated in
the inauguration of a new office
block at the European Centre for
Medium-Range Weather Forecasts
(ECMWF), Shinfield Park, on 28 June.
In his presentation, the SecretaryGeneral recalled some of the major
contributions of ECMWF, which will
celebrate its 32nd anniversary in
November 2007. Mr Jarraud also
mentioned some personal memories
from his years at the Centre.
He further recalled that the ECMWF
Convention was signed in October
1973, 100 years after the founding of
WMO’s predecessor, the International
Meteorological Organization, and
that its first Director, Aksel WiinNielsen, was subsequently appointed
Secretary-General of WMO by the
Eighth World Meteorological Congress
(1979). Mr Jarraud stressed that WMO
appreciated the collaboration that has
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London, United Kingdom, 9 July 2007 — Mr Jarraud with Mr Efthimios Mitropoulos,
Secretary-General of the International Maritime Organization (right) and Mr Andreas
Chrysostomou, Chairman of the IMO Marine Environment Protection Committee
developed with ECMWF over more
than three decades. He acknowledged
the assistance that the Centre provides
to WMO’s 188 Members, in particular
developing countries, which went
beyond its responsibility to ECMWF
Members.

Italy
The Secretary-General visited Rome
on 29 June 2007, on the occasion of
a meeting at the headquarters of the
International Fund for Agricultural
Development to discuss United
Nations System cooperation in
the issue of climate change and in
response to an invitation made by
the UN Chief Executives Board for
Coordination (CEB). The meeting
was organized to identify all current
and potential climate-related roles
of the UN System and to develop a
basis for further work in response to
climate change, drawing upon the
different capacities of the system.
Discussions focused, in particular, on
adaptation, mitigation, science and
monitoring, technology and financing,
in preparation for the regular autumn
2007 meeting of the CEB.

the International Meteorological
Organization—which at the time was
also known as IMO—was established
in 1873 in response to the growth in
international trade and increasing
concern for safet y in marine
transportation. He also referred to
a long history of cooperation in the
provision of meteorological forecasts
and warnings in support of safety at
sea, in particular within the context
of the International Convention for
the Safety of Life at Sea and the
Global Maritime Distress and Safety
System.

Finland
The Secretary-General addressed
the opening ceremony of the Third
International Conference on Climate
and Water, organized by the Finnish
Environment Institute in Helsinki on
3 September 2007. This was part
of a sequence of such events that
began in 1989. Mr Jarraud noted
some specific indications of changes

in the hydrological cycle, observed
in connection with global warming
over the past several decades and
stressed the impor tance of the
potential consequences for the world’s
freshwater resources, specially in
terms of poverty alleviation and food
security. The Secretary-General met
with Ms Sirkka-Liisa Anttila, Minister
of Agriculture and Forestry, and Ms
Lea Kauppi, General Director of the
Finnish Environment Institute.

Belgium
On 10 September 2007, the SecretaryG e n e r a l v i s i t e d t h e Eur o p e a n
Commission in Brussels. He met with
the Deputy Director General of the
Directorate General for Development,
Mr Bernard Petit, to discuss WMO’s
role in climate change issues and
disaster management, especially
in connection with the European
Union’s development policies and
the needs of the Least Developed
Countries (LDCs) and Small Island
Developing States (SIDS). Mr Jarraud
also had a meeting with Mr Olli Rehn,
European Union Commissioner for
Enlargement, to discuss the SouthEast European Project and possible
avenues to fund its implementation,
including the establishment of a
Drought Management Centre for
South-Eastern Europe (DMCSEE) in
Slovenia.
The Secretar y-General also
participated as an expert in the first
public session of the new European
Parliament Temporary Committee on

United Kingdom
At the kind invitation of its SecretaryGeneral of the International Maritime
Organization (IMO), Mr Efthimios
Mitropoulos, Mr Jarraud addressed
the 56 th session of the Marine
Environment Protection Committee
in London on 9 July 2007. Mr Jarraud
recalled that WMO’s predecessor,
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Brussels, Belgium, 10 September 2007 — Mr Jarraud with Mr Bernard Petit, Deputy
Director General of the Directorate General for Development, European Commission

Climate Change (CLIM) and gave a
presentation entitled “Climate change
and sustainable development—a
WMO perspective”. He recalled the
long experience and involvement of
WMO in climate change issues and
highlighted a number of significant
examples with particular reference to
LDCs and SIDS. Mr Jarraud stressed
that more efforts will be required;
among them, observation networks
and research activities will have
to be maintained or augmented to
determine the future evolution of
climate change and to ascertain any
progress being made.Although the
task would be global, it was not yet
sustainable for many developing
countries.

Spain
In Madrid, on 12 and 13 October 2007,
the Secretary-General participated
in the High-Level segment of the
eighth session of the Conference of
Parties (COP-8) of the United Nations
Convention to Combat Desertification
(UNCCD) . Mr Jarraud took par t
in a Ministerial Round Table on
Climate Change and Desertification,
chaired by HE Ms Cristina Narbona,
Minister of Environment of Spain
and President of the COP-8 session.
Eleven ministers, deputy ministers
and heads of UN agencies gathered to
discuss the issues of climate change
and desertification. The SecretaryGeneral also addressed the High Level
segment of COP-8 to deliver WMO’s
statement, as in previous years.
Mr Jarraud held discussions with Mr
Luc Gnacadja, the newly appointed
Executive Secretary of UNCCD, on
cooperation and the strengthening

Madrid, Spain, October 2007—Mr Jarraud with (on his right) Mr Constantin Mihailescu,
Minister of Environment and Natural Resources of the Republic of Moldova, and other
participants in a meeting with representatives of NMHSs held during COP-8

of linkages bet ween WMO and
UNCCD. He also met with HE Mr
Constantin Mihailescu (Minister of
Environment and Natural Resources of
the Republic of Moldova), HE Laurent
Stefanini (French Ambassador for the
Environment), Mr Francisco Cadarso
González (Director of the National
Meteorological Institute of Spain
and Permanent Representative of
Spain with WMO), as well as with all
permanent representatives with WMO
participating in the COP-8 session.

UN New York
The Secretary-General of WMO took
part in the High-Level Event (HLE)
on Climate Change on 24 September
2007 at the invitation of the SecretaryGeneral of the United Nations. HLE
was one step in the process leading

up to the United Nations Climate
Change Conference to be held in Bali,
Indonesia, in December 2007. It was
attended by top officials from more
than 150 nations, including 80 Heads
of State or Government and Executive
Chiefs of other UN programmes and
organizations. The President of WMO,
Alexander Bedritsky, also attended
as head of the Russian Federation
delegation.
The United Nations system, a unique
international institution with diverse
capacities, is developing a strategic
vision of its role in tackling climate
change. It will bring to bear the
collective strength of its different
entities, including the specialized
agencies, in addressing a wide variety
of relevant issues.
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Staff matters

Transfers

Appointments

Miroslav ONDRAS, formerly
Senior Scientific Officer, Observing
Systems Division, World Weather
Watch Department, to Chief,
Observing Systems Division, on
1 July 2007

Mary C. Power:
Director, Resource
Mobilization
Service, Devel
opment
Cooperation and
Regional Activities
Department, on

Isabelle Rüedi: assigned Acting
Senior Scientific Officer in OSY, on
1 July 2007

30 July 2007
Filipe D.F. Lúcio:
Senior Scientific
Officer, Disaster
Risk Reduction
Office, on 1 August
2007

Maya C. BACHNER:
Chief Evaluations
and Performance
Audit Service,
Internal Oversight
Office, on
1 September 2007
Michael J.
Williams: External
Relations Manager,
Group on Earth
Observations
Secretariat, on
1 September 2007
Hendrik BAEYENS:
Project Officer,
Group on Earth
Observations
Secretariat, on
16 July 2007

Chloé TIBERGHIEN:
Secretary, Group on
Earth Observations
Secretariat, on
3 September 2007

Re-assignments
Rodolfo de GUZMAN, formerly
Director, Strategic Planning Office,
to Special Adviser to the SecretaryGeneral, on 6 July 2007
Dieter SCHIESSL, formerly
Director, Coordination of Crosscutting Activities, to Director,
Strategic Planning Office and
Coordination of Crosscutting
Activities, on 6 July 2007
Alexander KARPOV, formerly Chief,
Observing Systems Division, World
Weather Watch Department, to
Programme Coordination Officer for
the Director of the World Weather
Watch Department, on 1 July 2007

Departures
Zhaochong LEI, Chief, Weather
Prediction Research and Tropical
Meteorology Division, Atmospheric
Research and Environment
Programme Department, on
31 Jully 2007
John (Jack) L. Hayes, Director,
World Weather Watch Depart
ment: retired on 31 August 2007.
Ion Draghici, Director Education
and Training Department: retired
on 31 August 2007.
Gilles Sommeria-Klein, Senior
Scientific Officer, World Climate
Research Programme: retired on
31 August 2007.
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Telma Viale, Chief, Human Re
sources Division, returned to ILO
on 1 September 2007 at the end
of her period of secondment.

Anniversaries
Marina DUPONT, Proofreader, LSP
Department: 20 years on 18 July
2007
Christine Qarbal, Administra
tive Assistant, Applications Pro
gramme Department: 25 years on
1 August 2007

Recent WMO publications
Guide to the Global Observing
System (WMO-No. 488)
[E]
2007; loose-leaf, updated by supplements
when necessary, third edition
ISBN 92-63-13488-3
Price: CHF 30
Economic Aspects
of Integrated Flood
Management (WMONo. 1010)
[E]
2007; xi + 53 pp.
ISBN 92-63-11010-7
Price: CHF 20
Weather, Climate
and Water Services
for everyone
(WMO-No. 1024)
[E]
2007; 70 pp.
ISBN 92-63-11024-7
Price: CHF 26
Ninth International
Workshop on Wave
Hindcasting and
Forecasting (WMO/
TD-No. 1368)
[E]
2007; CD-ROM
Price: CHF 30

Sixth WMO International Workshop
on Tropical Cyclones (IWTC-VI)
(WMO/TD-No. 1383)
[E]
2007; ii + 31 pp.
Price: CHF 30
WMO Global
Atmosphere Watch
(GAW) Strategic
Plan: 2008–2015
(WMO/TD-No. 1384)
[E]
2007; iv + 104 pp.
Price: CHF 30
International Core
Steering Committee
for THORPEX—Final
Report (WMO/TDNo. 1389)
[E]
2007; iv + 36 pp.
Price: CHF 30
Aviation Hazards
(WMO/TD-No. 1390)
[E]
2007; iii + 53 pp.
Price: CHF 30
Third WMO International Verification
Workshop Emphasizing Training
Aspects
(WMO/TD-No. 1391)
[E]
2007; CD-ROM
Price: CHF 30

WMO International
Training Workshop
on Tropical Cyclone
Disaster Reduction
(WMO/TD-No. 1392)
[E]
2007; CD-ROM
Price: CHF 30
Ship Observation Team (SOT)—
Annual Report 2006
(WMO/TD-No. 1394)
[E]
2007; CD-ROM
Price: CHF 30
Report of WMO/CAS Working Group
on Tropical Meteorology Research
(WMO/TD-No. 1393)
[E]
2007; iii + 22 pp.
Price: CHF 30
Expert meeting on water manager
needs for climate information in
water resource planning
(WMO/TD-No. 1401)
[E]
2007; iii + 40 pp.
Price: CHF 30
WCRP Annual
Report 2006-2007
(WMO/TD-No. 1404)
[E]
2007; 48 pp.
Price: CHF 30

New book received
Climate and Land
Degradation

Mannava V.K. Sivakumar, Ndegwa’ui
(Eds). Springer (2007).
IBSN 978-3-540-72437-7.
xxv + 623 pp.
Price: US$ 229

In many parts of the world, climatic
variations are recognized as one of
the major factors contributing to land
degradation and impacting agricultural
systems performance and management.
To accurately assess sustainable land
management practices, the climate
resources and the risk of climate-related
or induced natural disasters in a region
must be known. Only when climate
resources are paired with management
or development practices can land
degradation potential be assessed and
appropriate mitigation technologies
developed.
This book is based on an International
Workshop held in Arusha, United
Republic of Tanzania.
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Calendar
Date

Title

Place

2-6 October

First Scientific and Technical Symposium on Storm Surge
(co-sponsored by WMO)

Seoul, Republic of Korea

8-9 October

Meeting on the Marine Meteorology and Oceanographic component of the
Shanghai Multi-Hazard Early Warning System Demonstration Project

Shanghai, China

22-25 October

Ninth WMO Scientific Conference on Weather Modification
and Weather Modification Workshop

Antalya, Turkey

24-26 October

Joint Committee for International Polar Year 2007-2008—sixth session

Québec, Canada

29-31 October

Seventh Climate Outlook Forum for the Western Coast of South America
(COR7-WCSA) (co-sponsored by WMO)

La Paz, Bolivia

29 October-9 November

RAI Regional Training Seminar on use of GDPFS products especially for
Severe Weather Forecasting and Public Weather Service in Support of
National Disaster Reduction

Pretoria, South Africa

7-9 November

WMO/GEO Expert Meeting on an International Sand and Dust Storm
Warning System

Barcelona, Spain

12-14 November

Second Space for Hydrology Workshop

Geneva

12-17 November

27th session of IPCC and Press Conferece (17 November)

Valencia, Spain

12 November-7 December

Training Workshop on Climsoft, Climate Data Homogenization and
Climate Change Indices

Hanoi, Viet Nam

13-16 November

Tenth Meeting of the AMDAR Panel

Langen, Germany

15-16 November

Workshop on African Fire Danger Requirements

Accra, Ghana

20-23 November

Roving Seminars on Weather, Climate and Farmers

Bogota, Colombia

26-28 November

Expert Meeting on Guidelines for NMHSs’ Participation in Disaster Risk
Reduction Coordination Mechanisms and Early Warning Systems

Geneva

28-30 November

Fifth Latin-American Meeting in Agrometeorology

San Cristóbal, Venezuela

28-30 November

International Workshop on the Rescue and Digitization of Historical
Climate Records

Tarragona, Spain

3-5 December

WMO International Symposium on Public Weather Services: a Key to
Service Delivery

Geneva

4-5 December

International Fire Early Warning Workshop

Edmonton, Canada

5-7 December

Expert Meeting on Requirements of Catastrophe Insurance and
Weather Risk Management Markets

Geneva

6-7 December

Meeting of the CAgM Expert Team Agrometeorological Aspects of
Sustainable Agricultural Development

Edmonton, Canada
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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

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
A.D. Moura (Brazil)

Ex officio members of the Executive
Council (presidents of regional
associations)
Africa (Region I)
M.L. Bah (Guinea)
Asia (Region II)
A.M.H. Isa (Bahrain)
South America (Region III)
R.J. Viñas García (Venezuela)
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.A. Abbas
(Egypt)
O.M.L. Bechir
(Mauritania)
R.C. Bhatia
(India)
P.-E. Bisch
(France)
Y. Boodhoo
(Mauritius)
S.A. Bukhari
(Saudi Arabia)
F. Cadarso González
(Spain)
M. Capaldo
(Italy)
H.H. Ciappesoni
(Argentina)
W. Gamarra Molina
(Peru)
D. Grimes
(Canada)
S.W.B. Harijono (Ms)
(Indonesia)
T. Hiraki
(Japan)
J.J. Kelly (United States of America)
W. Kusch
(Germany)
M.-K. Lee
(Republic of Korea)
G.B. Love
(Australia)
L. Makuleni (Ms)
(South Africa)
J. Mitchell
(United Kingdom)
J.R. Mukabana
(Kenya)
M. Ostojkski
(Poland)
P. Plathan
(Finland)
M.M. Rosengaus Moskinsky (Mexico)
F. Uirab
(Namibia)
K.S. Yap
(Malaysia)
G. Zheng
(China)
(one seat vacant)

Presidents of technical
commissions
Aeronautical Meteorology
C. McLeod
Agricultural Meteorology
J. Salinger
Atmospheric Sciences
M. Béland
Basic Systems
A.I. Gusev
Climatology
P. Bessemoulin
Hydrology
B. Stewart
Instruments and Methods of
Observation
J. Nash
Oceanography and Marine Meteorology
P. Dexter and J.-L. Fellous
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Meteorological Balloons
Meteorological Balloons
Parachute Inside Balloons
AB Balloons
Parachutes for Radiosonde Balloons
Meteorological Instruments

Head Office and Factory
765 Ueno, Ageo-shi, Saitama-ken 362-0058, Japan Tel:(048)725-1548
Tokyo Office (International Division)
Katakura Bldg, 1-2 Kyobashi 3-chome, Chuo-ku, Tokyo 104-0031, Japan
Tel:+81-3-3281-6988 Fax:+81-3-3281-7095
E-mail: metballoon@totex.jp
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GEONETCast and EUMETCast DVB User Stations
SpaceCom
VCS is a leading supplier of GEONETCast and EUMETCast DVB receiving
stations based on the standard DVB multicast technology.
Currently, the EUMETCast dissemination system is providing a variety of
data to the user community like HRIT, LRIT, RSS, HRI, IODC, DCP, MDD,
EARS, DWDSAT, SAF and MODIS products. The GEONETCast concept is to
use the multicast capability of a global network of communications satellites
to transmit environmental satellite and in situ data and products from providers to users within the GEO community.
Based on the well-known 2met! concept, our systems are ready to work with all
data disseminated by the GEONETCast and EUMETCast dissemination systems.
Please ask us for your solution
by emailing peter.scheidgen@vcs.de or by calling +49 234 9258-112
VCS Aktiengesellschaft · Borgmannstrasse 2 · 44894 Bochum · Germany · www.vcs.de

To prepare for the worst,

you need the best.
When severe weather strikes, emergency response teams must mobilize quickly. Early Warning is key.
It takes sophisticated technologies to integrate large numbers of sensors with analysis and prediction
tools to get the right information to the right people. The solution? Lockheed Martin’s Integrated Weather
and Environmental Systems. Fully integrated national-level systems tailored to our customers’ needs.
Backed by 30 years of leadership in meteorological, hydrological and environmental systems.

www.lockheedmartin.com
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This global focus on frozen regions
simultaneously provides a test of our
ability to understand the planet, a
warning of our impact on the planet
and an opportunity to develop a new
science paradigm-public partnership
that will act for the benefit of the planet
and humanity.
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