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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.
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In this issue

Commission for Oceanography and
Marine Meteorology (JCOMM). The
objective of JCOMM is to benefit
the international community in the
coordination, regulation and management of a fully integrated global
marine system that uses state-ofthe-art technologies and capabilities.
It responds to the evolving needs of
users of marine data and products
and enhances the national capacity
of all maritime countries.
As nations prepare to meet for the
second session of JCOMM (Halifax,
Canada, 19-28 September 2005), this
issue of the Bulletin reviews the
progress attained and identifies
some of the challenges that lie
ahead.

Modelling the complex relationship between
atmosphere and ocean helps predict and
monitor weather and climate events such as
tropical cyclones and El Niño.

Safety at sea has for ever been a primary driver for internationally coordinated marine observations. The First
International Meteorological Conference, which took place in Brussels in
1853, was largely concerned with
maritime meteorological problems.
This Conference led ultimately to the
inception of the International Meteorological Organization, the predecessor of WMO. In 1951, the First
Wo r l d M e t e o r o l o g i c a l C o n g r e s s
formed the Commission for Marine
Meteorology.
In 1999, this Commission merged
with the Integrated Global Ocean
Services System of UNESCO’s Intergovernmental Oceanographic Commission to form the Joint Technical
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Over the past two decades, demand
has steadily grown for expanding
marine observation systems to support other applications such as the
initialization of increasingly sophisticated and longer-range weather-forecast systems, coastal area management, optimization of commercial
fishing activities, ship routeing, offshore resource exploration and
development, pollution prevention
and clean-up; and, most recently, climate modelling and prediction.
These applications require global
observational datasets and prediction products for both the ocean and
the overlying atmosphere.
Concerning coupled model climate
predictability and prediction, the
challenge facing the research community is to determine the extent to
which climate is predictable and
then making climate predictions that
are of social benefit. Successful climate prediction requires comprehensive computer models that include
all the interactions among the components of the climate system:
atmosphere-ocean-land-ice.

Short-term variations in coupled models lead to the question“Why make
seasonal forecasts?”. Seasonal forecasts are useful for decision-making
and that progress in modelling and
assimilating the atmosphere and
ocean will make those seasonal forecasts more credible and more useful.
The Arctic is an area of economic and
strategic importance. In view of the
harsh operating conditions, polar-ice
forecasting presents particular difficulties. Moreover, only limited realtime tools are available to provide
information of ice conditions. The
future trends in ice forecasting, especially the importance of appropriate
international cooperation and ongoing
scientific research, need to be
enhanced to contribute to operational
forecasting capability, given the global
interest in the Arctic.
This issue also carries an interview
with Prof. Larry Gates. A specialist in
coupled atmosphere-ocean modelling, Prof. Gates has been associated
with WMO activities for more than 30
years, starting with the Global Atmospheric Research Programme and then
the World Climate Research Programme, which celebrates its 25th
anniversary this year.
Other items include a review of the
2005 drought in Australia and a
description of how climate predictions help fishermen increase their
catch in the Small Island Developing
States of the Pacific. A review is
made of the exceptional 2004 tropical cyclone season. Not yet half-way
through at the time of writing, the
2005 tropical cyclone season in the
Atlantic has already been more than
usually active. A new feature in this
issue highlights some of WMO’s
concerns and activities which were
covered by the WMO Bulletin 50
years ago.

Building
cooperation in
meteorology
and
oceanography

A large number of the articles in this
edition of the Bulletin address the
scientific issues in understanding the
coupled atmosphere-ocean system,
and Mike Johnson’s article (page
138) directly addresses the logistical
and political challenges in building a
global network to observe the
oceans and their interaction with the
atmosphere. The present article
focuses on the cooperation between
oceanographers and meteorologists
to observe the marine environment,
and to transform those observations
into useful products.
Challenges in observing the
marine environment

By Albert Fischer, Programme
Specialist, Global Ocean Observing
System and Joint WMOIntergovernmental Oceanographic
Commission (IOC/UNESCO) Technical
Commission for Oceanography and
Marine Meteorology (JCOMM)

Introduction
Humans live in the atmospheric realm
but, with the population density in
coastal areas twice that elsewhere,
and with the ocean’s effect on climate
and weather variability, an understanding and ability to observe and predict
the oceans and their interaction with
the atmosphere are important.

Observing in the marine realm carries
its own special challenges. Saltwater
and sea spray are corrosive to metals,
and, as anyone who has seen a boat
come into dry dock for periodic maintenance can testify, many forms of
marine life like to attach themselves
to fixed objects. This “bio-fouling” is a
major concern for the design and lifetime of instruments in the upper
ocean, where marine life is abundant.
Water is also a thousand times denser
than air and the pressure increases
quickly below the first few metres of
the ocean.
The oceans are large, covering 70 per
cent of the Earth’s surface—and most
of this surface is far removed from
routes and places of regular human
occupation. This means that there are
few human observers to maintain
instruments and platforms. Instruments, therefore, have to survive for
long periods of time unattended and
careful calibrations are needed to
ensure the reliability of the data.
To be useful for weather and ocean
forecasting, the data have to be sent
back to mainland data centres in
real-time, which brings additional

The Joint WMO-IOC
Technical Commission for
Oceanography and Marine
Meteorology (JCOMM)
JCOMM is one concrete sign of
cooperation between
oceanographers and
meteorologists, but their
cooperation in the taking and
transformation of raw data on
the coupled atmosphere-ocean
system spans many international,
national and regional efforts.
The Commission provides the
international, intergovernmental
coordination, regulation and
management mechanism for an
operational oceanographic and
marine meteorological observing, data management and
services system.

challenges in setting up the necessary
satellite communications. For many
autonomous systems, this is the main
consumer of power and a limiting factor in the lifetime of the instrument.
In the last few decades, satellites
observing the oceans have brought a
revolution in our ability to observe—
globally and simultaneously—sea-surface temperature; ocean colour; and
an estimate of marine life at the surface. More recently, satellite observations have become available of
ocean-surface topography, charting
the high- and low-pressure “weather
systems” of the oceans; the ocean
mesoscale circulation; and sea-surface wind stresses, a measure of the
transfer of momentum from atmosphere to ocean. One major drawback
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The Data Buoy Cooperation
Panel (DBCP)
The Data Buoy
BCP
Cooperation
Panel (DBCP)
was established
M
as a joint body
O-IO
of WMO and
UNESCO’s Intergovernmental
Oceanographic Commission
(IOC) in 1985. Its mission is to
coordinate deployment of drifting
and moored buoys worldwide.
http://www.dbcp.noaa.gov/dbcp
TA
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Meteorological societies and agencies
in many countries have a long history
stretching back to the 19th century,
when interest in improving meteorological and related sciences was
spurred by elements of society particularly susceptible to variability in
weather and climate. Oceanographic
societies and agencies tend to be
much younger, with real growth coming only after World War II, often
driven by concerns of national security. In many countries, responsibility
for ocean observations and forecasts

D

A number of merchant vessels, primarily in the North Atlantic, are equipped
to launch automatic balloon-based
radiosondes. They are also equipped
to carry out profiles of the upperocean temperature, which give the

These data are available to all over the
WMO Global Telecommunications
System (GTS) and through a dedicated data centre. More than 1 800
Argo floats now seed the world’s
oceans, and the network is scheduled
to reach its designed resolution of 3°,
with 3 000 floats, by 2007. Already, in
many parts of the world ocean, in just
a few short years, Argo has returned
more information about the ocean
temperature and salinity structure

Formal cooperation at the
international level

W

These observational challenges have
forced marine and ocean observational scientists to develop creative
solutions to observing the oceans.
Many of the in situ data globally collected from the marine surface and
upper ocean are collected from volunteer observing ships, most often merchant ships that carry meteorological
and oceanographic instruments. Surface meteorological measurements
are made from instruments mounted
high on the ship, to avoid interference
from the ship’s superstructure, and
transmitted multiple times daily by
satellite communications.

Further innovative technology for
observing the subsurface ocean,
deployed globally only in the last few
years, are Argo profiling floats
(argo.jcommops.org). These floats are
about one metre tall, and are carefully
ballasted to have the same density as
the water at their parking depth, usually 2 000 m or half the average ocean
depth. They stay at this parking depth
for 10 days, then pump oil from a
reserve inside the float to a bladder
outside. This changes the density of
the float, making it buoyant so that it
rises to the surface. On the way up, it
measures the temperature and salinity and, once at the surface, transmits
the data back by satellite before
returning to its parking depth.

A final challenge to observations
comes from the fact that the oceans
are largely international territory, not
belonging to any one nation. In some
ways, this makes the construction of
a global observing network easier,
but a concerted effort to make
national funding priorities mesh with
global concerns is ongoing, and will
continue.

EL

of satellite observations of the
oceans is that electromagnetic radiation penetrates only a short way into
the oceans, making the subsurface
ocean invisible from space. While
inferences can be made about the
upper ocean from looking at the surface, in some weather and in climate
prediction applications subsurface
data are critical.

than was found in the entire historical
database.

D

[This] article focuses on the
cooperation between
oceanographers and
meteorologists to observe
the marine environment and
to transform those
observations into useful
products ... for tangible and
immediate social and
economic benefits.

heat content of the upper ocean, a
quantity important to predictions of
tropical cyclones and short-term climate variations. The observers on
these ships deploy expendable
bathythermographs (XBTs). These are
simple devices carrying a thermistor
to measure temperature, shaped like
a fist-sized rocket. They fall at a predetermined rate controlled by balance of
drag and gravity-induced acceleration,
and have two spools of copper wire,
thinner than human hair. One spools
from inside the dropping XBT, the
other from the ship as it moves forward, eliminating drag at the air-sea
interface. The data are collected
aboard the ship and reported via satellite communications.
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Adopt a drifter programme
The National Oceanic and Atmospheric Administration (NOAA) Office of Climate Observation established the
Adopt a Drifter Programme (ADP) in December 2004. The programme provides teachers with an opportunity to
infuse ocean observing system data into their curriculum.
A global array of 1 250 drifting buoys is scheduled to be
completed during 2005 with the official launch of the
1250th buoy planned at a celebration during the second
session of the Joint WMO-IOC Technical Commission for
Oceanography and Marine Meteorology in Halifax, Nova
Scotia, Canada, in September (see article on page 138).
The ADP invites a school from the USA to collaborate with
a school in another country in the adoption of a drifter to
be deployed from a ship at sea. A teacher from each
school may be on board the ship during deployment,
although this is not a prerequisite. A sticker or drawing
from each school is adhered to the drifter before deployment and photos taken to document the activity. The
teachers receive the WMO number of their adopted driftA middle school science teacher from Arkansas (right)
ing buoy in order to access its data online and develop
deployed the first adopted drifting buoy off the Chilean Coast
lesson plans to encourage their students to apply those
from the NOAA ship Ronald H. Brown in December 2004. Her
data. Students receive a drifter tracking chart to plot the
students adopted this buoy and nicknamed it “Bob” (see also
photo on page 142). (Photo: JCOMMOPS)
coordinates of the drifter as it moves freely in the surface
ocean currents. Teachers and students alike can make
connections between the data accessed on line and other maps showing currents, winds, etc.
Drifter data are used to track major ocean currents and eddies globally, ground truth data from satellites, build
models of climate and weather patterns, predict the movement of pollutants if dumped or accidentally spilled into
the sea, and assist with the forecast path of approaching hurricanes. It is important, therefore, to understand how
the data are measured, how often they are downloaded, and what data are available for schools and the general
public. Students have full access to data (e.g. latitude/longitude coordinates, time, date, sea-surface temperature
(SST)) in real- or near-real-time from their adopted buoy, as well as all from drifting buoys deployed as part of the
Global Ocean Observing System. They can access, retrieve and plot, as a time-series, various subsets of data for
specified time periods for any drifting buoy (e.g. sea-surface temperature) and track and map their adopted drifter
buoy for short and long time periods (e.g. one day, one month, one year).
The Adopt a Drifter Website is http://osmc.noaa.gov/OSMC/adopt_a_drifter.html. Educators and students wishing
to participate should contact Diane Stanitski: diane.stanitski@noaa.gov.

now fall to the National Meteorological Service.
WMO and the Intergovernmental
Oceanographic Commission (IOC) of
the UN Educational, Scientific and
Cultural Organization (UNESCO)
joined forces in 1999 to create the
Joint WMO-IOC Technical

Commission for Oceanography and
Marine Meteorology (JCOMM). The
goal of the Commission is to coordinate and manage a fully integrated
global marine observing, data-

management and services system,
made up of national efforts.
JCOMM has a short history but is
built upon successful experience of
technical commissions on both the
WMO and IOC sides. JCOMM is
organized into four programme
areas, covering: observations,
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Data buoys reporting surface data via the Global Telecommunication System in May 2005: 1 081 drifting buoys; 198 moored buoys.
Participating countries: Australia, Brazil, Canada, European Union, Germany, India, Ireland, Japan, Netherlands, New Zealand, Norway,
South Africa, United Kingdom and the USA. (Data received from the GTS at JCOMMOPS via Météo-France).
See http://www.jcommops.org/

data management, the provision of
services, and capacity building. The
programme areas have a number of
expert teams and international coordinating groups, with activities spanning the coordination of observations
from ships, autonomous oceanic
buoys, and coastal tide-gauge stations, the coordination of data infrastructure, dissemination and telecommunications systems and the
coordination of services in marine
weather bulletins, sea ice, sea state
and other forecasts.
Transforming observations into
useful products
The transformation of ocean and
marine observations into useful information and decision-aid tools requires
infrastructure and models that transform the raw data, and human skill
that interprets the results.
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The basic equations governing the
fluid flow of the atmosphere and
oceans are identical, but many details
vary between the two media. While
ocean models do not have to account
for phase changes of water and
clouds—a major difficulty in atmospheric modelling—they do have to
treat salinity, which strongly affects
the density of seawater. The high density of seawater and the consequent
slower speed of propagation of information in waves mean that the average size of features in the oceans is
much smaller than in the atmosphere—an atmospheric weather system will span thousands of kilometres,
while a Gulf Stream eddy will span
tens of kilometres. Ocean models are
therefore run with finer resolution, taking more computational power.

of these are organized under the banner
of the Global Ocean Data Assimilation
Experiment (GODAE, www.bom.gov.
au/bmrc/ocean/GODAE/), a pilot project
which has helped coordinate a common infrastructure of data gathering
and dissemination, upon which a large
number of national and regional
efforts have been built. These oceanforecasting products are freely available. Links and feedback from user
communities have been established
and are growing. The products are
being actively used for varied applications, ranging from oil-spill predictions
and simulations, prediction of oceanfront locations for the fishing industry,
prediction of ocean currents for ship
routeing (including both industrial
applications and yacht racing) and for
scientific research.

In recent years, a number of efforts to
build operational ocean forecasting
models have begun to bear fruit. Many

True coupled atmosphere-ocean forecast systems are just now beginning
to emerge from research centres into

Concrete efforts have been
made in transforming
seasonal climate forecasts of
physical quantities into
information useful for
particular economic and
social sectors.

operational use. Knowledge of the
upper-ocean thermal content has
improved predictions of tropical
cyclone strength, for example. And,
far from the tropics, knowledge of
sea-ice coverage and the emergence
of open-water leads has proved
important in the forecasting of winter
storms, as the moisture flux into the
atmosphere from open ocean is much
higher.
WMO has recently launched an international research programme, THORPEX (www.wmo.int/thorpex/), which
focuses on the long-term prediction
of severe weather and consequent
social and economic benefits. A few
key areas similar to the examples
above have been identified, where
the oceans are a key player in severe
weather. As the programme develops, meteorologists and oceanographers will increase their working
interactions.

Niño forecasts: the International Centre on Research “El Niño” (Centro
Internacional para la Investigación del
Fenómeno del El Niño, CIIFEN,
www.ciifen-int.org), based in
Guayaquil, Ecuador.
The livelihoods of people living on the
western coast of South America and
the economies of their countries are
inextricably tied to the changes in
ocean conditions and precipitation
brought about by the coupled tropical
Pacific ocean-atmosphere oscillation
El Niño. The investigators at the Centre are building models and tools that
have direct application to agriculture
and fisheries and to disaster reduction. These efforts build on an already
large infrastructure for observations
in and over the tropical Pacific, coupled ocean and atmosphere datamanagement and forecast systems,
and apply them at a level with tangible and immediate social and economic benefits.
It is living proof of the ultimate and
very worthwhile goal of bringing the
meteorological and oceanographic
communities closer together.

Concrete efforts have also been made
in transforming seasonal climate forecasts of physical quantities into information useful for particular economic
and social sectors. Many of these are
national or regional efforts. One such
example, where the WMO and the
IOC, amongst other agencies, are
already cooperating, is a regional center dedicated to the application of El
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Coordinated Observation and Prediction of the Earth System

Coupledmodel climate
predictability
and prediction

WCRP has defined a new strategic framework for the next 10 years under
the title Coordinated Observation and Prediction of the Earth System
(COPES). It will capitalize on past progress with the aim of facilitating
analysis and prediction of Earth system variability and change for use in
an increasing range of practical applications of direct relevance, benefit
and value to society.
COPES will provide the unifying context and agenda for the wide range
of climate science coordinated by, and performed through, WCRP core
projects and other activities, and for demonstrating their relevance to
society.
Under this strategic framework, WCRP will aim to determine what aspects
of climate are predictable, and how far in advance and for what regions
they can be predicted. This information will provide invaluable input for
climate risk management in both the public and private sectors,
contribute to planning for sustainable development and form a basis for
natural hazard disaster reduction and mitigation. An essential step for
better prediction of climate and its application is observing and understanding the current climate state. Deficiencies in understanding will
reveal the need for new observing strategies (for both remote-sensing and
in situ systems), process studies and improved prediction models.

El Niño is perhaps one of the best known
ocean-atmosphere-land interactions.
(Image: JPL, NOAA)

By Ben P. Kirtman,
Center for Ocean-Land-Atmosphere
Studies and George Mason University,
Climate Dynamics Program

The grand challenge facing the
research community is determining
the extent to which climate is predictable and then making climate predictions that are of societal benefit.
Recognizing this challenge and opportunity, the World Climate Research
Programme (WCRP) has initiated a
major international research strategy
called the Coordinated Observations
and Prediction of the Earth System
(COPES) (see box). The underpinning

122

for COPES is the recognition (based
in part on several years of WCRPcoordinated research) that successful
climate prediction requires comprehensive computer models that
include all the interactions of all the
components of the climate system
(atmosphere-ocean-land-ice). Perhaps, the best known of these interactions, primarily due to air-sea coupling in the tropical Pacific, are those
associated with the El Niño/Southern
Oscillation (ENSO) phenomenon.
COPES necessarily extends beyond
ENSO to foster the use of comprehensive coupled ocean-land-atmosphere-ice general circulation models
(CGCMs) to improve seasonal-tointerannual prediction.
For example, how do land-atmosphere-ocean interactions impact climate predictability outside the tropical

Pacific? Indeed, as the climate
changes on longer time-scales, capturing all these interactions become
all the more important for useful seasonal to interannual predictions. In the
light of the emerging COPES activities, this article is intended to briefly
survey the current status of CGCMs
in terms of both simulating and predicting seasonal-to-interannual climate
variations. The emphasis is on how
the CGCMs simulate and predict tropical sea-surface temperatures, and
careful attention is given to some of
the rather daunting model errors
which indicate that the CGCM community has much work ahead.
During the last decade there has
been steady progress in simulating
seasonal-to-interannual global climate variability using CGCMs (Davey
et al., 2002; AchutaRao and Sperber,

2002). Over the last several years,
the parameterized physics (i.e. how
radiation from the Sun interacts with
clouds and precipitation processes
on spatial scales that are unresolved
by the CGCMs) has become more
comprehensive (Gregory et al., 2000;
Collins et al., 2001; Kiehl and Gent,
2004), the horizontal and vertical resolution, particularly in the atmospheric component model has
markedly increased (Guilyardi et al.,
2004) and the application of observations in initializing forecasts has
become more sophisticated (Alves
et al., 2004). Despite this progress,
serious systematic errors in both the
simulated mean climate and the natural variability persist. For example,
the so-called “double ITCZ” problem
n o t e d b y M e c h o s o et al. (1995)
remains a major source of error in
simulating the annual cycle throughout the tropics. This ultimately
impacts the fidelity of the simulated
sea-surface temperature (SST) and
the accuracy of the predictions.
The double ITCZ problem is seen as a
marked tendency for the CGCMs to
produce an erroneous band of heavy
rainfall just south of the Equator in
both the eastern Pacific and Atlantic
Oceans. The fact that this problem
continues to plague current state-ofthe-art CGCMs indicates that fundamental modelling issues remain in
terms of understanding how atmospheric convection and the boundary
layer interact with the ocean surface.
In terms of evaluating CGCMs, one
key measure has been to compare
the simulated sea-surface temperature along the Equator with the
observed sea-surface temperature. In
Figure 1, we show examples based
on several CGCM simulations. The
thick black line corresponds to observations and the various coloured lines
correspond to the various CGCM
simulations. The results

Figure 1 — Annual mean sea-surface temperature, 2°N-2°S, without flux correction

shown in Figure 1 were coordinated
by the WCRP CLIVAR Working Group
for Seasonal to Interannual Prediction
(WGSIP).
Throughout much of the equatorial
Pacific there is an overall tendency for
the models to be too cold, although
they do simulate a contrast between a
warm western and cold eastern
Pacific. Near the east coast of South
America, almost all the models are
too warm. In the Atlantic, the models
universally fail to capture the eastwest contrast in the sea-surface temperature. This model error in the
Atlantic creates a considerable challenge when trying to use ocean observations to initialize forecasts. Coordinated international research efforts
are designed to ameliorate these
problems. In the equatorial Indian
Ocean, the east-west contrast seems
to be fairly well simulated, but sub-

stantial warm and cold biases can be
detected.
In addition to the mean sea-surface
temperature discussed above, a
major issue is how well the CGCMs
simulate the sea surface temperature
variability on seasonal-to-interannual
time- scales.
In the same format as Figure 1, the
sea-surface temperature variability
simulated by several CGCMs is
shown in Figure 2. Here, the monthly
standard deviations of the sea-surface
temperatures are shown. This is the
variability about the annual cycle.
Again, the thick black line corresponds
to the observational estimates. The
largest observed variability is in the
Pacific to the east of 150° corresponding to ENSO, and overall the models
capture this preference for the largest
variability to occur in the Pacific. However, most CGCMs underestimate the
ENSO sea-surface temperature variability in the tropical Pacific
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increasing the atmospheric resolution in both the horizontal (Guilyardi
et al., 2004) and vertical (Saha et al.,
2005) may reduce the fast ENSO
problem; ocean parameterized
physics has also been shown to significantly influence the coupled variability (Meehl et al., 2001); and continued methodical numerical
experimentation into the sources of
model error (e.g. Schneider, 2001)
will ultimately suggest model
improvement strategies.

Figure 2 — Mean standard deviation of sea-surface temperature, 2°N-2°S, without flux
correction

(AchutaRao and Sperber, 2002), fail to
capture the meridional extent of the
anomalies in the eastern Pacific (not
shown) and tend to produce anomalies that extend too far into the western tropical Pacific. This erroneous
westward extension can clearly be
seen in the relatively large values of
simulated standard deviation to the
west of 150°. Most, but not all,
CGCMs produce ENSO variability that
occurs on time-scales considerably
faster than observed (AchutaRao and
Sperber, 2002). What this means is
that the observed ENSO period is
somewhere between three and seven
years, whereas the models tend to
produce ENSO periods in the order of
two to four years.
This “fast” ENSO problem has implications in terms of understanding
what limits predictability and has a
deleterious impact on forecast skill.
The models also have too little low
frequency variability (i.e. on timescales longer than ENSO), which
may have serious implications in
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terms of understanding variations in
predictability, particularly in the presence of climate-change scenarios. In
the Atlantic and Indian Oceans,
observed variability is considerably
smaller and, generally, the models
perform better. Despite the relatively
small amplitude, recent research suggests a potential for currently
untapped predictability in both the
Indian and Atlantic Oceans.
Current research also appears promising in addressing some of the
above problems. For example:

The grand challenge facing
the research community is
determining the extent to
which climate is predictable
and then making climate
predictions that are of
societal benefit.

To date, most seasonal prediction
activities have focused on ENSO
and, as with CGCM simulation, there
has been steady progress. (As noted
earlier, recent research has identified
the importance of capturing the variability in the Indian and Atlantic
Oceans).
The 1997-1999 warm-cold ENSO
episode was a striking example of
how CGCM prediction has improved,
but was also indicative of persistent
modelling challenges. For example,
almost all the models predicted that
the boreal winter of 1997/1998 would
be a warm ENSO event one to two
seasons in advance—a clear success.
However, none of the models captured the early onset of the event or
its amplitude and many of the forecast systems had difficulty capturing
the demise of the warm event and
the development of cold anomalies
that persisted through 2001—
arguably, a failure. More recently,
many models failed to predict the
three consecutive years (1999-2001)
of relatively cold conditions and the
development of warm anomalies in
the central Pacific during the boreal
summer of 2002.
In part, the successes and failures in
predicting the 1997-1999 ENSO
episode has led to two important
shifts in thinking throughout the
CGCM forecast community.

• Forecasts must include quantitative information regarding uncertainty (i.e. probabilistic prediction)
and that verification must include
probabilistic measures of skill
(Kirtman, 2003);
• A multi-model ensemble strategy
may be the best current approach
for adequately resolving forecast
uncertainty (Palmer et al., 2004).
The recognition that the forecasts
must include quantitative measures
of uncertainty is where the CGCM
seasonal-to-interannual prediction
community is most likely to provide
forecast products that are in high
societal demand.
Figure 3, for example, highlights
both the probabilistic verification
and the potential power of the
multi-model approach. The results
presented summarize the retrospective forecast experiments
from the Development of a European Multi-model Ensemble system for seasonal to inTERannual
prediction (DEMETER) project. The
variable plotted on the y-axis is the
ranked probability skill score
(RPSS). Larger RPSS values imply
larger probabilistic skill and values
less than zero imply no useful skill.
The x-axis corresponds to the number of ensemble members.
Ensemble forecasting is how probabilistic predictions are made. For
instance, in the case of a single
model, multiple forecasts are made
using slightly different estimates of
the observed initial state. As the
forecasts evolve, they diverge and
spread and it is this spread that is
used to assess uncertainty in the
forecast due to uncertainty in the
initial condition. The forecast skill
can then be assessed, using probabilistic verification measures (i.e.
RPSS). The multi-model ensemble

The 1997-1999 warm-cold
ENSO episode was a striking
example of how CGCM
prediction has improved, but
was also indicative of
persistent modelling
challenges.

approach, in contrast, can be used
to probe both the uncertainty in the
initial condition and the uncertainty due to model formulation.
Figure 3 clearly shows that, even
for relatively large ensemble sizes,
a multi-model ensemble approach
outperforms any one single
model. Another way of interpreting the results of Figure 3 is that
differences among the models are
used to obtain better probabilistic
estimates of a particular forecast
outcome.
The importance of this multi-model
approach cannot be overstated.
However, the multi-model approach

also presents the international
research and operational communities with difficult practical and theoretical problems:
• What is the optimum multi-model
strategy?
• Which models should be used?
• How are the models to be
weighted?
• How is multi-model CGCM prediction
activity coordinated internationally?
Indeed, it is just these questions that
the COPES strategy is designed to
help us solve.
There have also been steady
improvements in the use of data,
particularly in the ocean. Research
on initializing forecasts continues to
yield enhancements in forecast skill
(Alves et al., 2004). Moreover, recent
work indicates that forecast initialization strategies that are implemented
within the framework of the coupled
system as opposed to the individual
component models may also lead to
substantial improvements in skill
(Chen et al., 1995).

Figure 3 — Temperature of the 2 m above the surface of the Earth: ranked probability
skill score over the tropics
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Basic questions regarding the predictability of sea-surface temperature
in the tropics remain open challenges
in the forecast community, however.
For instance, it is unclear how westerly wind bursts, intraseasonal variability or atmospheric weather noise
in general limits the predictability (e.g.
Thompson and Battisti, 2001; Kleeman et al., 2003; Flugel et al., 2004;
Kirtman et al., 2004). There are also
apparent decadal variations in forecast
skill (Balmaseda et al., 1995; Ji et al.,
1996; Kirtman and Schopf, 1998) and
the sources of these variations are the
subject of some debate. Finally, it
remains unclear how changes in the
mean climate will ultimately impact
seasonal to interannual predictability
(Collins et al., 2002).
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Coupling
models:
short-term
variations

give a credible answer. About
10 years later, the development of
coupling techniques has allowed the
same tools to be used for seasonal
forecasting.
One reason for this lag is the fact that
coupled seasonal forecasts need a
good knowledge of the initial state of
the ocean. Before the satellite era,
such information was not available,
contrary to that for the atmosphere. In
this article, we will describe how and
why operational seasonal forecasts
are issued: the role of coupling with
the ocean will be emphasized.
What is a seasonal forecast ?

By Michel Déqué,
Météo-France/CNRM/GAME

Introduction
Once numerical computers allowed
fluid dynamics equations to be solved
with some accuracy, the development
of atmospheric and oceanic models
started independently. Atmospheric
models were used to investigate predictability (including long-range predictability), whereas oceanic models
were devoted to more theoretical
studies.
In the late 1980s, the need for coupled ocean-atmosphere models was
essentially motivated by the big question of anthropogenic climate change.
Neither an oceanic model with a simple atmospheric forcing, nor a comprehensive atmospheric model coupled with a simple ocean was able to

The word “forecast” had a blurred
meaning at the beginning of meteorological science in the late 19th century. The public was aware that
meteorological forecasts were not
accurate enough to deserve the name
of prediction. A meteorological forecaster was making a reasonable
hypothesis, not telling the truth about
the future, at least a reasonable forecaster. With the progress of meteorological science, the words forecast
and prediction have converged toward
a common meaning for the public.
People accept that weather forecasts
fail, but not too often (one case in ten,
for example). For longer ranges (a
week), the public accepts that the rate

The butterfly effect is easy
to
demonstrate
in numerical
models, but
impossible to
prove by observations.

of error increases. Indeed, it is possible to correct a forecast as the target
date gets nearer, and the average
user can thus adapt (cancel an outside
lunch, postpone a journey, etc.).
Admittedly, in early May 2003, we
were not able to predict the hot 10day period in August in France with a
one-day accuracy. But people expect
that a seasonal forecast is able to
announce that a summer will be
warmer than the previous ones.
Nature, however, is less deterministic—or our conception of Nature
through the laws of physics is wrong.
Since Poincaré (1881), scientists have
considered that there is a limit to the
deterministic prediction of atmospheric phenomena. This is due to the
type of equations governing the
atmosphere. Attempts to solve these
equations with computers during the
second half of the 20th century have
shown that this limit is between 10
and 20 days.
What can we do beyond? We enter
the domain of the probabilistic
approach. There are several possibilities for the atmosphere and these
possibilities are not equally probable.
Scientists call “seasonal forecasting”
the calculation of different probabilities. But Nature will choose one of
these possibilities—not necessarily
the most probable—and no model can
predict, beyond a few weeks, which
possibility will be chosen. This is why
even a seasonal mean cannot be predicted in a deterministic way.
In the scientific literature, one can
often find deterministic scores of
seasonal forecasts (the list of references would be too long), but this is
just a first step to ensuring that the
forecast model is not just producing
noise. This is not an evaluation of
practical skill. Some Websites show
maps of seasonal means for the
forthcoming season, but this is just
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Figure 1 — Probability
density function for
winter daily 2 m
temperature in
Toulouse for
climatology (red), the
cold winter 1962/1963
(green) and the warm
winter 2000/2001
(yellow)

an easy-to- understand way of displaying the probability distribution.
This is not the final product, from
which a user can gain benefit.
Figure 1 shows the empirical probability distribution function (pdf) for daily
temperature in winter in Toulouse
(France). The two extreme winters (on
average) in the last 50 years are
1962/1963 (green curve), and
2000/2001 (yellow curve). A good seasonal forecast would be able to produce pdfs in good agreement. This is
not yet the case, and the first challenge is to beat the climatology forecast (red curve) corresponding to the
pdf of the full 50 winters.
For the public, using probabilities may
appear as a way to escape criticisms
in case of error. In the short range,
meteorological forecasting is also a
probabilistic exercise, but the probability density function is sharp. The role
of a weather forecaster is to transform probabilistic information (using
several model outputs, his memory of
past analogue situations) into a deterministic one. By doing this, he will fail
from time to time, but he is right to do
so. If a short-range forecaster simply
transmitted the probabilistic information, the user would have to take the
decision himself. Thus, he would be
responsible for the failures and he
does not want this. In the case of seasonal forecasting, the predictability
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level is much lower, and there is little
to expect from an “experienced forecaster”. This is why the number of
users really concerned by seasonal
forecasting is small.
Why make seasonal forecasts?
Most Meteorological Services, including Météo-France, produce seasonal
forecasts; some broadcast them. The
main reason for doing this is the weak
marginal cost for a Meteorological
Service to produce operational numerical weather predictions: there is no
need for an observation network with
high density, or for a new computer,
or for forecasters in different regions.
Adapting the numerical model to
longer ranges and devoting a fraction
of the computer power to longer forecasts is a small investment, compared
with building an observation/assimilation/forecast system ex nihilo. Shortrange forecast models need to deliver
their output as quickly as possible, but
not necessarily each hour: this leaves
some free time on the computer for
seasonal forecasts which are not to
be delivered within the next few
hours.
Numerical models in use for seasonal
forecasting are based on versions of
short- or medium-range forecast models. They can be identical, as at the

European Centre for Medium-range
Weather Forecasts (ECMWF). A
Meteorological Service carries out
research in order to improve the specific aspects of the model that are not
required in short-range forecasting,
and commercialization to convince
potential customers to use a product
with a reliability far below 100%.
In the case of meteorological centres
which do not produce ocean analyses, there is always the possibility of
using products built outside, as the
ocean assimilation can be done independently of the atmospheric model.
At Météo-France, the ocean analyses
are provided by the MERCATOR
consortium (see article on page 144).
Seasonal forecasts are feasible, at
least in meteorological centres already
involved in numerical prediction.
A basic analogy in physics
The atmosphere obeys laws, therefore the weather is predictable, and
the next season should be predictable
as well. A tossed coin also obeys
laws. But using these laws indicates
that, if the coin is made of a uniform
material, the probability of turning up
heads or tails is 50 per cent. If one
side is covered with a dense material,
two approaches may be followed. The
first one consists of repeating the
experience hundreds of times and to
estimate the new frequency of heads
by counting. The second one consists
of using a numerical model based on
the laws of mechanics, in particular
Archimedes’ Principle.
Seasonal forecasting works like the
second example. Predicting 50 per
cent for heads corresponds to the climatological prediction. Climatological
prediction is not just saying that the
winter temperature in Toulouse is
5°C, but providing the probability

distribution function (red curve in Figure 1). This information can be very
useful to some users.
Repeating the coin experiments in the
last example corresponds to statistical
prediction. Many years ago, this was
the only solution, since computers did
not exist or were not powerful
enough. The Southern Oscillation was
discovered by researching predictors
for Indian monsoon. Weather
proverbs result from the basic statistical approach of our ancestors. In the
seasonal range they were based on a
few tens of cases, and biased toward
extreme phenomena which were
more easily kept in memory: this
explains why they do not work. Nowadays, we have many more data, unbiased methods and PCs to produce a
result in a few seconds. However this
approach has a limitation.
Tossing a coin can be repeated as
often as necessary to obtain a statistically significant response. In statistical
seasonal forecasting, we have about
50 years, which mean 50 cases.
Given the complexity of the atmosphere, do we need 50, 500 or
5 000 years? During the second half
of the 20th century, two major El Niño
Southern Oscillation (ENSO) events
occurred: one in the winter of
1982/1983 and one in the winter of
1997/1998. If we consider winter temperature over France, the first winter
was a normal one, the second a warm
one. This illustrates how difficult it is
to find in the recent past a sufficient
number of analogue situations to calculate statistics of stable conditions.
Following the analogy of coin tossing, using a numerical model for the
movement of the non-homogeneous
coin, is similar to what we do in
numerical seasonal forecasting. We
have to use a probabilistic approach,
which means producing an
ensemble of simulations.

Calculating a single trajectory is nonsense, for the coin as well as for the
atmosphere. The probability for the
coin cannot be calculated analytically.
For the atmosphere, the analytical
approach is even less tractable. In
both cases, we have to use a deterministic model, and to produce many
simulations by modifying the initial
conditions. At Météo-France, this
model is ARPEGE (Déqué et al.,
1994). Once we have chosen the
equations to describe the phenomenon, and a numerical model to solve
them by approximations, we need a
third ingredient: the forcing. If we
ignore the forcing, the probability is
50 per cent for the coin, and the climatological distribution for the atmosphere. In the case of the coin, the
forcing is simple: we need the density
and depth of the two materials. In the
case of the atmosphere we need to
know, for example, in which respect a
cold winter like 1962/1963 or a warm
one like 2000/2001 (Figure 1) is different from other winters.
Where does predictability come
from?
The butterfly effect was popularized
by Lorenz in the 1960s and illustrated
by the famous model with three variables (Lorenz, 1963). It consists of the
rapid (a few tens of days) divergence
of two trajectories initially very close
to each other (different by a butterfly
wing beat). This effect shows that
knowing the conditions of today with
imperfect accuracy (network density,
observation errors) proscribes telling
anything about the forthcoming season. The butterfly effect is easy to
demonstrate in numerical models, but
impossible to prove by observations
(we need thousands of years to find

Weather proverbs result
from the basic statistical
approach of our ancestors.
In the seasonal range they
were based on a few tens of
cases, and biased toward
extreme phenomena which
were more easily
remembered: this explains
why they do not work.

two atmospheric situations which are
quasi-identical over the globe for all
measurable parameters).
In seasonal forecasting, two model
inputs change from one year to the
other: initial conditions and boundary
conditions. If the atmosphere model
is not coupled with an ocean model,
sea-surface temperature and sea-ice
extent are key boundary conditions for
seasonal forecasting. Other boundary
conditions play a minor role (volcanic
aerosols, anthropogenic greenhouse
gases, solar constant) because their
forcing on the atmosphere is weak for
short time-scales.
As far as initial conditions are concerned, atmospheric state, soil moisture and snow cover are potential predictors. Despite the butterfly effect,
atmospheric initial state plays some
role in the mid-latitudes through
slowly evolving teleconnection patterns (e.g. the North Atlantic Oscillation): seasonal forecasts with a wrong
initial atmosphere produce smaller
scores than forecasts with the right
one.
Simplified numerical experiments
with extreme forcings have shown
the predictability potential of
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On the timescale of one
season, the
butterfly
effect in the
ocean does not dominate
and the evolution of tropical
sea-surface temperature can
be considered as
deterministic.

initial soil moisture or snow cover.
The major parameter in present-day
models, however, is the sea-surface
temperature (SST) anomaly in tropical
oceans. By heating or cooling the
atmosphere column above and exciting Rossby waves which propagate
toward mid-latitudes, they produce
year-to-year differences in the general circulation. These differences are
of a statistical nature: because of
butterflies, a given season can
behave differently from its statistical
expectation.
As SST is the major forcing, we need
to predict it. But this SST depends on
atmospheric fluxes, so that the problem to be solved is a coupled one. In
the case of coupled ocean-atmosphere models, the main forcing is not
a boundary condition, but the initial
condition of the ocean. On the time
scale of one season, the butterfly
effect in the ocean does not dominate
and the evolution of tropical sea-surface temperature can be considered
as deterministic.
How to predict the ocean?
A good forecast of the sea-surface
temperature is the key to seasonal
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prediction. However, this is not a sufficient condition. In the PROVOST
European project (Doblas-Reyes et al.,
2000) atmospheric models were
forced by observed monthly mean
sea-surface temperature. The scores
were encouraging, but modest.
Despite the forcing, the atmosphere
has enough freedom to create seasons from its own fantasy. A coin with
heads made of lead and tails made of
aluminium will not systematically turn
up tails when tossed.
Météo-France has used operationally
since 1999 an uncoupled atmospheric
model. Sea-surface temperature is
predicted by a statistical scheme
based on persistence. This system is,
or has been, used by many Meteorological Services (Canada, Morocco,
United Kingdom). The alternative system is a coupled ocean-atmosphere
system (in operation for many years at
the ECMWF and National Centers for
Environmental Prediction). The DEMETER European project (Palmer et al.,
2004) was an opportunity to build an
international multi-year re-forecasting
experiment using coupled models.
The large number of cases (44 for
each season) allows reliable estimates
of forecast scores, even at local scale.
Figure 2 shows winter temperature
correlations (based on series of
44 seasonal means) over Europe for
the Météo-France model. The first
three panels ((a),(b) and (c)) correspond to uncoupled forecasts,
whereas the fourth corresponds to
DEMETER coupled forecasts. Figure 2(a) is not really a forecast, since
observed SST has been used, as in
PROVOST. In Figure 2(b), the SST is
really predicted, using the same statistical scheme as in the MétéoFrance operational suite, In Figure
2(c), the SST comes from DEMETER:
although the SST is the same (in
monthly average) as in Figure 2(d), the
scores are higher with the coupling.

This shows that the interaction
between ocean and atmosphere plays
a role and explains why it is important
to consider coupled forecasts.
In winter, the coupled forecasts are
the best. In summer (not shown), the
scores are weak or negative, except
when prescribing observed SST. The
contrast between summer and winter
is a characteristic of the Météo-France
model. With the ECMWF model, the
scores are greater in summer than in
winter. The superiority of the coupled
approach versus the uncoupled one is
also obtained in tropical precipitation
forecasts (Guérémy et al., 2005), and
with the Met Office, UK model. For
this reason, ECMWF, the Met Office,,
UK and Météo-France decided to continue the DEMETER activity in realtime to produce an operational multimodel forecast.
Many scores can be found on the
DEMETER Website: http://www.
ecmwf.int/research/demeter/d/charts/
verification
At this stage of the article, we have not
yet evaluated probability forecasts, but
we can say that in some regions or
seasons, deterministic forecasts are
not independent on data to be predicted. Seasonal forecasts are credible.
Statistical adaptation
Do we still need uncoupled forecasts?
The first answer is that this approach
is different and therefore complementary to the coupled approach. DEMETER has shown that using several
models is better than using a single
model, albeit the best one. The second answer is that the final outcome
of a seasonal forecast is not just the
model output. Forecasts can be
adapted to a smaller scale than the
one of the model (300 km for MétéoFrance).

Figure 2 — 850 hPa temperature correlation
for 44 winters (December, January and
February) with ARPEGE and prescribed seasurface temperature: (a) observed; (b)
calculated with a statistical scheme; (c)
calculated by DEMETER; panel (d)
corresponds to forecasts with the coupled
model (DEMETER); contours ±0.1, ±0.2 and
±0.3.

Some biases can be corrected
through model output statistics. This
is exactly the same approach as in
short-range forecasting. An important
difference is that the size of the samples necessary for a good and robust
fit is not reached if limited to the last
10 years. On the other hand, in order
to derive maximum benefit from a
coupled model, good-quality ocean
analyses are needed. This kind of data
is available only after the late 1980s.
Producing probability forecasts also
needs a kind of statistical postprocessing. Indeed, the model produces deterministic forecasts and
considering an ensemble of forecasts
as a representation of the probability
distribution function is based on the
wrong assumption that the model is
perfect. Techniques based on analogues (Clark and Déqué, 2003) produce unbiased probability forecasts.
Other techniques are the multi-model
approach or a model using random
terms in its physics.

(a)

(b)

(c)

How to use seasonal forecasts?
The fact that the correlation is not
zero is not sufficient to make a forecast useful. An approach to forecast
evaluation is based on the expectation
of gain with a cost:loss model. This
very simple economic model is
described in Palmer (2000). It has
been applied to Météo-France forecasts of tropical precipitation in Déqué
(2001). This method applies to binary
forecasts for which a probability forecast is issued.

(d)
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previous sections that the answer to
the three questions is “yes”. Given
the present generation of numerical
models and the available computer
power, running an ensemble of
10 forecasts every month for the
forthcoming six months is feasible
and takes a couple of days.

Figure 3 — Economic value (%) for winter
temperature seasonal forecast in Toulouse
as a function of cost:loss ratio for a warmeragainst colder-than-average seasonal
prediction

Figure 3 shows an illustration of
colder- versus warmer-than-normal
winter temperature. If the consequences of a decision based on the
forecast are a cost C or a loss L, the
expected gain versus the basic strategy based on the climatological forecast can be calculated as a function of
C, L, and the 2x2 matrix of probability
of occurrence of the event (predicted
versus observed). When scaled by the
expected gain with the best possible
forecast, the result depends only on
the C/L ratio. This relative gain is
named “economical value”.
Figure 3 indicates that this value is
maximum when C/L is close to 0.5.
The probability of the event is indeed
0.46 (winter temperature in Toulouse
below the seasonal mean). When C/L
is greater than 0.65, a climatological
forecast is better than the DEMETER
forecast. But between 0.45 and 0.55,
the gain is about 30 per cent that of a
perfect forecast.

International re-forecasting experiments have shown that the scores,
although weak, cannot be obtained by
a pure random process and do not
result from an artifact, assessing the
credibility of forecasts beyond one
month. Simple economic approaches
(and actual use by non-meteorologists
in some cases) show that these forecasts may be useful, provided the
problem is well posed: knowledge of
the costs and benefits of successes
and errors, possibility of evaluation
over a long period in the past, probability approach in a multi-factor decision context. One should just keep in
mind that the fact that the problem is
well posed does not necessarily imply
that its solution is satisfactory.
The main message from recent scientific advances is that seasonal forecasts are not—and will not be for a
long time—of the same nature as
short-range forecasts. Nobody can tell
what the future at such a range will be,
even with an error margin. But seasonal forecasts help to take a decision
when the consequences of this decision depend on the weather of forthcoming months. Progress in modelling
and assimilating both atmosphere and
ocean will make our seasonal forecasts
more credible and more useful ... but
still not absolutely certain.

Seasonal forecasts are thus useful—
at least for some users.
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Operational
polar ice
forecasting

USS Honolulu in Arctic pack ice
(Photo: Arctic Submarine Laboratory)

By Pamela G. Posey and Ruth H. Preller
(US Naval Research Laboratory
Oceanography Division) and Magda
Hanna (US National Ice Center)

volume of traffic is likely to increase in
the near future because of diminishing ice cover. Canada, Denmark, the
Russian Federation, the USA and
other Arctic bordering nations have a
presence in the Arctic.
Scientists have conducted extensive
research in the Arctic for the past several decades, but more recently, oil
and gas interests have spurred
increased Arctic exploration. Recently,
a team of over 300 scientists confirmed unprecedented changes occurring north of the Arctic Circle. The Arctic Climate Impact Assessment (ACIA)
released in November 2004 describes
these changes, including a 3 per cent
per decade northerly retreat of the ice
edge or extent at the end of the summer season (Figure 1).
As the Arctic becomes increasingly
accessible with diminishing ice, large
reserves of oil and gas are simultaneously being discovered, adding to the
Arctic’s strategic and economic value.
A combination of commercial and scientific interests makes knowledge of

The ice and snow that cover
the cold Arctic Ocean area
vary on decadal, interannual,
seasonal and even short
time-scales, such as days to
weeks.

current Arctic conditions critical to
support operations.
Arctic conditions and operational
requirements
Arctic conditions are highly variable
and thus difficult to predict. The ice
and snow that cover the cold Arctic
Ocean area vary on decadal, interannual, seasonal and even short timescales, such as days to weeks. This
variability in the sea-ice cover is due
to a combination of dynamic and
thermodynamic effects. Surface
stresses on the top and bottom of the

Introduction
The Arctic is one of the most hostile
operational environments in the
world. Free drifting icebergs, shifting
boundaries of pack ice, 24-hour darkness, sub-zero temperatures, icing on
ship’s equipment and superstructures
and a lack of dependable logistical
support can make Arctic operations
extremely dangerous for ships, aircraft and submarines. Given these
harsh operating conditions, real-time
information and accurate forecasts
can mean the difference between
mission success and major equipment
damage.
Despite the difficulty of operations in
this environment, numerous vessels
transit the Arctic regularly and the

North-west
passage

Figure 1 —
Projected ice
extent for 20102090 (Arctic
Climate Impact
Assessment,
2004)

Northern
sea route
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Figure 2 — Typical winter (left) and summer (right) ice-thickness (m) forecast from the Polar
Ice Prediction System (PIPS 2.0).

ice cause the movement of sea ice,
as well as the deformation of the ice,
building ridges and generating areas
of open water. Heating and cooling
from the atmosphere and ocean in
combination with the ice motion are
largely responsible for the growth and
decay of sea ice.
On a basin scale, Arctic variability is
seen by ice thinning in some regions
while growing in others. This variability is often represented by a see-saw
effect, when one part of the Arctic
basin experiences a “mild” ice year,
while another part has an increase in
ice extent and thickness (Preller et
al., 2002). However, during the past
two decades, decreases in ice extent
have been observed throughout the
periphery of the Arctic Ocean (ACIA,
2004).
The thinnest sea ice and largest
amount of open water in the Arctic
appear from June to September. Ice
begins to grow in the autumn and
builds to a maximum thickness in the
late winter and early spring, MarchApril (Figure 2). Many of the marginal
seas, such as the Barents and Greenland Seas are nearly ice-free in the
summer. Other marginal seas, such
as the Bering Sea and the Sea of
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Okhotsk, are completely ice-free in
the summer.
Viewing the Arctic from an operational
perspective requires a focus on highly
variable parameters such as: knowledge of ice extent, coverage, thickness and movement in small and
defined areas. To a submarine or surface ship, knowing the location of
divergent motions that produce open
water and regions of strong convergent motion is also critical. Awareness
of ridging or folding of the ice along
with the locations of small and large
cracks in the ice and open pools of
water (referred to as fractures, leads
and polynyas), is additionally required
for traversing the Arctic. Because of
these specific needs, forecasting
tools, observations and ice charting
must either be developed specifically
to match operational requirements or
modified to suit these specialized
needs.
Status of Arctic observations and
forecasting capabilities
The real-time tools available to provide
information on ice conditions operationally are limited. To obtain an accurate “nowcast” or present snapshot

of the Arctic requires a combination of
in situ observations and satellite
imagery. As an “Action Group” of the
WMO’s Data Buoy Cooperation Panel
(DBCP), the International Arctic Buoy
Programme has been a cornerstone
of these operations since 1979. During this time, an array of buoys has
collected and transmitted data on air
temperature, pressure and position in
the Arctic (http://iabp.apl.washington.edu). Newly engineered buoys are
capable of measuring ice thickness,
as well as collecting oceanographic
data. This observational array of information is growing through international cooperation and provides high
temporal resolution, in situ observations, which complement the high
spatial resolution of remotely sensed
imagery.
Ice-charting agencies rely most heavily upon real-time satellite observations from many different sources
such as the US National Oceanic and
Atmospheric Administration (NOAA),
the National Aeronautics and Space
Administration (NASA), Canada’s
RADARSAT and Europe’s ENVISAT.
Satellite observations are used daily
by operational centres such as the US
National Ice Center (NIC) to provide a
picture of current ice conditions in
both the Arctic and Antarctic.
Unfortunately, satellite observations
and buoy data are not enough to give
full coverage of the ice conditions.
Often, satellite coverage is incomplete, as in the case of commercial Synthetic Aperture Radar (SAR)
observations. In the case of visible imagery, clouds and precipitation degrade the image, thus causing gaps that must be fillied in by
the analyst using computer-generated models and algorithm ouputs
as guidance.
Ice models are designed to fill these
gaps and make up for the deficien-

cies in both satellite imagery and
observational data. Generated on
large-scale super computers, models
use an analysis or initial state of the
ice field before generating a “forecast” (future guess of ice conditions).
These analyses can be combined
over the past several days to compile
a history or “hindcast” of ice motion
and other information. Thus, the ice
extent and partial concentrations of
various stages (proxies for thickness)
of ice can be estimated by starting at
the last known analysis and then projecting the probable state of the ice
field forward in time using the “hindcast” data. Without this model guidance, the analyst would be left to
estimate the state of the ice in the
gaps by generating ice motion manually, which would be a tedious and
almost impossible task.

in the northern hemisphere (down to
30°N latitude). The horizontal grid resolution of the PIPS 2.0 model is 0.28°
and ranges from 17 to 34 km. Figure 3
shows the PIPS 2.0 grid (red dots)
plotted at every fourth grid point. PIPS
2.0 uses the Hibler dynamic/thermodynamic ice model (Hibler, 1979) coupled to the Bryan and Cox ocean
model (Cox, 1984).

The Naval Research Laboratory (NRL)
has been developing sea ice forecast
systems tailored to fit the needs of
their Navy customers. The existing
forecast system currently in operational use is the Polar Ice Prediction
System (PIPS 2.0). PIPS 2.0 provides
forecasts in all sea-ice-covered areas

The Navy Operational Global Atmospheric Prediction System (NOGAPS)
(Hogan and Rosmond, 1991) provides
atmospheric wind stresses. Fluxes to
the ice model and ocean forcing come
from a fully coupled ocean model. The
forecast products from PIPS 2.0
include ice drift, ice thickness and ice

... real-time information and
accurate forecasts can mean
the difference between
mission success and major
equipment damage.

concentration. These products are disseminated daily from the operational
centre to the National Ice Center for
use by the ice analyst. Along with
these existing products, PIPS 2.0 has
the capability to forecast ocean currents, ocean temperature and salinity.
In real-time forecasting, unexpected
problems (such as computer downtime or cloudy days for imagery)
could cause serious problems if the
analyst were dependent on only one
source of information. At most of the
operational centres, ice-forecasting
systems (e.g. PIPS 2.0) are the only
objective input for locating the ice
edge and concentration boundaries
when SAR or clear and daylight visible imagery (Advanced Very High
Resolution Radiometer (AVHRR),
Operational Line-Scan (OLS), etc.) is
not available. For this reason, the
computer-generated forecast helps
the analyst determine where the ice
has moved over a period of time and
thus estimates the ice edge/location.
With the variety of information (ice
forecasts, satellite data, observations
etc.) the analyst is not dependent on
one particular data source to produce
an ice edge chart.
International collaboration and
ice charting

Figure 3 — Polar Ice
Prediction System (PIPS
2.0) model domain and
grid: every fourth point is
plotted.

Real-time sea-ice observations, analyses and forecasts are now available
from ice centres around the world
(Canada, Denmark, Finland, Iceland,
Japan, Norway, Russian Federation,
Sweden and the USA). These centres are usually responsible for providing information on ice conditions
near their own coastlines (e.g. the
Russian Federation in the Arctic Shelf
Sea, Finland, Germany and Sweden
in the Baltic) and supply the user
with products ranging from harbours
and bays to tactical routeing of icebreakers. Forecasting is critical to all
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agencies with an operational Arctic
interest.
Given the global interest in the Arctic,
international collaboration is key to
maintaining the best operational Arctic
information possible. The International
Ice Charting Working Group (IICWG)
was formed in October 1999 to promote operational cooperation
between the world’s ice centres on all
matters concerning sea-ice products
and icebergs (http://nsidc.org/noaa/
iicwg/). This Group strives to maintain
ice charting as well as to share
remote-sensing and forecasting information. Members of the IICWG are
partnering to promote cooperation in
mutual areas of interest and to reduce
redundancy.
The Canadian Ice Service and the US
National Ice Center, under the auspices of the North American Ice Service, have formed such a partnership
to provide forecasts for US and Canadian waters, including the Great
Lakes. This type of collaboration promotes consistency between the icecharting agencies and are critical for
sharing scientific knowledge.

Understanding sea-ice dynamics and
thermodynamics, as well as observing
ice conditions, are all critical to improving the quality of operational models
and forecasts. New ice models such
as the Los Alamos Sea Ice Model
(CICE) (Bitz and Lipscomb, 1999;
Hunke and Dukowicz, 1997) have synthesized the technology of the last
10 years. In addition, ocean models
have advanced over the past decade
into fully global ocean models (Chassignet et al., 2003), capable of predicting ocean currents, temperature and
salinity with greater accuracy (Rhodes
et al., 2002). These improved ocean
products will, in turn, be used as input
into sea-ice forecasting systems.

Future trends in ice forecasting
Scientists and modellers are currently validating the newest shortand long-range ice-forecast models.
Increased knowledge of the correlation between the winter Arctic Oscillation (AO) and summer sea-ice
extent has been documented and is
being incorporated into new seasonal
forecasts (Rigor et al., 2000; Rigor
and Wallace, 2004). Resolving smallscale features such as fractures,
small polynyas and the formation of
ridges is another area of current
research (Gow and Tucker, 1990;
Kwok et al., 2003). This work will
enable ice services to improve shortand long-range forecasts.
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... the harsh conditions ...
make operators heavily
reliant upon accurate ice
information to protect life
and equipment. Ice-charting
agencies must use all
resources available to create
an accurate snapshot of the
Arctic, including the use of
in situ observational and
remotely sensed data.

An additional critical factor in the
improvement of ice modelling and
forecast capabilities is computer technology. Computer codes now make
use of multiple processors and can
perform more extensive computations
in operationally acceptable time periods. With all of these recent improvements, a more sophisticated ice-andocean model, together with assimilating improved real-time satellite
imagery, will be able to produce more
realistic ice conditions for the polar
regions.
Conclusions
The Arctic has been, and will continue
to be, a region of strategic and operational interest. Given the potential
energy resources available in the Arctic and reports of diminishing ice, the
Arctic remains economically important. However, the harsh conditions in
this environment make operators
heavily reliant upon accurate ice information to protect life and equipment.
Ice-charting agencies must use all
resources available to create an accurate snapshot of the Arctic, including
the use of in situ observational and
remotely sensed data.
Given the limitations of both of these,
operational ice-forecasting systems
are critical components of ice-chart
creation. It is vital that international
cooperation and ongoing scientific
research continue to contribute to
operational forecasting capability. This
work will make major strides toward
making the Arctic a safer place in support of global strategic, economic, and
scientific interests.
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Implementing
the Global
Ocean
Observing
System

By Mike Johnson
Director, NOAA Office of Climate Observation and JCOMM Observations
Programme Area Coordinator

Introduction
Safety at sea has been a primary
driver for internationally coordinated
marine observations ever since the
foundation of the World Meteorological Organization and its predecessor,
the International Meteorological Organization. Over the past two decades,
demand has steadily grown for
expanding marine observation systems to support other applications
such as the initialization of increasingly sophisticated and longer range
weather-forecast systems, coastal
area management, optimization of
commercial fishing activities, ship
routeing, off-shore resource explo-
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ration and development, pollution prevention and clean-up and, most
recently, climate modelling and prediction. These applications require global
observational datasets and prediction
products for both the ocean and the
overlying atmosphere.
Such interdisciplinary requirements
have necessitated the development of
ever closer working relationships
between oceanographers and marine
meteorologists, and the development
of a “systems approach” to international coordination of national implementation efforts. By definition, a
global observing system crosses international boundaries with the potential
for both benefits and responsibilities
to be shared by many nations.
Recognizing these needs, WMO and
UNESCO’s
Intergovernmental
Oceanographic Commission (IOC)
established in June 2001 the Joint
WMO/IOC Technical Commission for
Oceanography and Marine Meteorology (JCOMM). JCOMM now provides
an intergovernmental framework for
global system planning and coordination. As the maritime nations prepare
to meet again in September 2005 for
JCOMM-II, it is timely to reflect on
progress over the past four years and
the challenges that lie ahead.
Implementation plan
There is currently significant international momentum for implementation
of a global ocean observing system.
The GCOS Implementation Plan for
the Global Observing System for Climate in support of the UNFCCC
(GCOS-92) has now been endorsed by
the United Nations Framework Convention on Climate Change (UNFCCC)
and by the Global Earth Observation
System of Systems (GEOSS). The
ocean chapter of GCOS-92 provides
specific implementation targets for

Safety at sea has been a
primary driver for
internationally coordinated
marine observations ever
since the foundation of the
World Meteorological
Organization and its
predecessor, the
International Meteorological
Organization.

building and sustaining an initial global
ocean observing system.
The ocean observing system documented in GCOS-92 is a composite
system of systems, made up of sustained high-quality satellite measurements of the atmosphere and ocean
surface, in situ measurements of the
ocean surface and the subsurface
ocean, and of the atmosphere over
the ocean. Each component subsystem brings its unique strengths and
limitations; together they build the
composite system of systems.
Figure 1 illustrates this initial global
ocean observation system of systems. In addition to the platforms
illustrated in Figure 1, two more components are essential: data and
assimilation subsystems, and product
delivery.
Although this baseline system is
designed to meet climate requirements, marine services in general will
be improved by the implementation of
the systematic global observations
called for by the GCOS-92 plan. The
system will support global weather
prediction, global and coastal ocean
prediction, marine hazard warning,
marine environmental monitoring,
naval applications and many other
non-climate uses.

Total in situ ocean observing networks
Continuous satellite measurements of
sea-surface temperature, sea-surface
height, surface winds, ocean colour,
and sea ice

53%

April 2005
54%



Surface measurements from
volunteer ships (VOSclim)

200 ships in pilot project
85%

Global drifting surface
buoy array

5° resolution array; 1 250 floats
59%

Tide gauge network (GCOS
subset of GLOSS core network)

170 real-time reporting gauges
54%

XBT sub-surface temperature
section network
50 lines occupied

60%

Profiling float network
(Argo)

3° resolution array; 3 000 floats

Reference 48%
time series

21% Global reference
mooring network

58 sites
29 moorings planned

66%

Global tropical moored
buoy network

 moorings planned
119

42%

Repeat hydrography and
carbon inventory

Full ocean survey in 10 years

Figure 1 — A schematic of the initial composite ocean observing system, including the current status against the goals of the GCOS Implementation Plan (GCOS-92)

An urgent and fundamental need identified by GCOS-92—and endorsed by
the UNFCCC and the GOESS 10-Year
Implementation Plan Reference Document—is the need for achieving
global coverage by the in situ networks. These include moored and
drifting buoys, tide gauge stations,
profiling floats and ship-based systems. Coordination of national contributions to the implementation of
these networks is the task of the
JCOMM Observations Programme
Area (OPA). Within the ocean chapter
of GCOS-92, JCOMM is identified as
the implementing agent, or a contributing implementing agent, for
21 of the specific actions. These specific actions for implementation of the
in situ elements have been adopted
by the JCOMM Observations Programme Area as an implementation
roadmap. This article provides a summary of the OPA work plan, including
coordination with other global pro-

grammes, in support of building the
global ocean component of a Global
Earth Observation System of Systems.
Achieving global coverage by the in
situ networks
The JCOMM Observations Programme Area includes three implementation panels—the Data Buoy
Cooperation Panel (DBCP), the Ship
Observations Team (SOT), and the
Global Sea Level Observing System
Group of Experts (GLOSS GE). Since
JCOMM was established in 2001,
there has been a link to the international Argo programme as well. Over
the past two years, the OPA has also
been working to coordinate globally
with the international Ocean
Sustained Interdisciplinary Time
series Environmental observation
System (OceanSITES), and with the

International Ocean Carbon Coordination Project (IOCCP). These four
efforts—JCOMM, Argo, OceanSITES
and IOCCP—represent major international activities dedicated to implementing sustained global oceanobserving systems.
The JCOMM implementation panels
focus on coordinating deployment of
moored and drifting buoys on the high
seas, coordinating volunteer ship
observations from commercial vessels transiting the world’s oceans, and
coordinating a core subset of tidegauge station operations that have
been committed by the WMO
Members/IOC Member States to help
monitor global sea-level in a systematic way. The Argo programme is
focused on establishing a global array
of subsurface profiling floats.
OceanSITES has undertaken establishment of a sparse global network of
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Some challenges to Members/Member States in completing
the global system
Data Buoy Cooperation Panel
•
•
•

•

Deploy and maintain a sustained array of 1 250 surface drifting buoys (presently 1 022 buoys) for
measuring sea-surface temperature and surface currents.
Add barometers to 700 drifters (presently 280 barometer upgrades in service) to measure sea level
pressure.
Extend the Tropical Moored Buoy network across the Indian Ocean (six of 33 sites have been deployed) to
complete coverage of the equatorial regions of the Atlantic, Pacific and Indian Oceans—the heat engine of
global climate and weather patterns.
Coordinate with OceanSITES for common use of platforms and logistics support.

Ship Observations Team
•
•
•
•

•

Improve Volunteer Observing Ship (VOS) reporting of marine weather and ocean surface conditions (of the
approximately 6 700 ships registered, less than 2 300 report regularly).
Implement 200 VOS Climate (VOSClim) ships (presently 112 ships) as a high-quality subset for climate
analysis of the long-term records that have been kept by commercial ships.
Implement Automated Weather Systems on volunteer ships (presently 140 ships) to improve real-time
reporting for weather forecasting and climate.
Fully occupy 51 high-resolution and frequently repeated expendable bathythermograph lines that were
specified by the 1999 upper-ocean thermal workshop (presently 27 lines) to measure the upper-ocean
temperature structure and
transports.
Coordinate with the International Ocean Carbon Coordination Project to use common platforms and
logistics infrastructure for both the physical and chemical measurements in the global ocean and surface
atmosphere.

Global Sea Level Observing System Group Experts
•
•

Improve station reporting (only 204 of the 290 core network stations report regularly) to provide
continuous high-quality measurements of tides and sea level.
Implement the GCOS Reference Station subset of 170 globally distributed tide gauge stations with realtime reporting and geocentric location (presently 91 real time reporting and 53 geocentrically located) for
long-term monitoring of climate change and for real-time support of tsunami warning systems.

Argo
•

Achieve a global array of 3 000 floats (currently 1 807 floats) for measuring subsurface ocean temperature
and salinity.

OceanSITES
•

Establish a sparse global network of moored buoys and subsurface moorings to monitor various
ocean/climate regimes and measure global-scale ocean circulation.

International Ocean Carbon Coordination Project
•
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Conduct a complete carbon inventory of the global ocean once every 10 years, using oceanographic
vessels, and monitor the ocean-atmosphere exchange of carbon dioxide from volunteer ships and moored
buoys.

deep ocean moored buoys and subsurface moorings for long time-series
monitoring of the ocean and oceanatmosphere interactions. The IOCCP
is adding carbon measurements to
the ships and buoy systems to monitor the ocean’s role in the global carbon cycle. The foci of all four of these
major international global programmes
are needed for building a comprehensive sustained global ocean-observation system and there is opportunity
for significant implementation efficiencies in working together.
Substantial progress has been made
in implementing the observing networks since JCOMM-I in 2001. The
total composite in situ ocean system
achieved a significant milestone in
February 2005 by surpassing the
50 per cent completion mark. At the
time of JCOMM-I, the system was
estimated to be about 34 per cent
complete, which can be compared to
the present estimate of 51 per cent as
JCOMM-II approaches. These percentages are based on the system targets identified in GCOS-92. The last
five years of progress and the plan for
the next five years are summarized
graphically in Figure 2. Progress has
been made over the past four years,
but the task is only half done. Completion of the initial ocean climate
observing system by 2010, as the
plan in Figure 2 envisages, will require
substantial additional yearly investment by Members/Member States.
A major milestone will be achieved by
the Data Buoy Cooperation Panel in
September 2005. The global drifting
buoy array will reach its design goal of
1 250 buoys in sustained service.
Thus the global drifting buoy array will
become the first component of the
initial Global Ocean Observing System
(GOOS) to be completed. This is an
accomplishment worth celebrating. It
has taken 10 years to reach this milestone since the international commu-

Figure 2 — The history and future plan for the implementation of the in situ elements of the
ocean observing system. The plan envisages completion of the initial ocean-climate observing system by 2010, which will require substantial additional investment by Members/
Member States.

nity began implementation of GOOS
with the publication of the Scientific
Design for the Common Module of
the Global Ocean Observing System
and the Global Climate Observing System by the Ocean Observing System
Development Panel in 1995. The
DBCP will be prepared to deploy
Global Drifter No. 1 250 in September
2005. A special ceremony and celebration are being planned during
JCOMM-II to commemorate this milestone. Global Drifter No. 1 250 will be
deployed near Halifax, Canada, and all
participants at JCOMM-II will be
invited to participate in this historic
event.
System-wide monitoring and
performance reporting
A major challenge for the JCOMM
Observations Programme Area is to
develop easy-to-understand performance reports that can help in evaluating the effectiveness of the composite observing system and help in

efforts to convince governments to
provide the funding needed to meet
global implementation targets. It will
not be possible to achieve global coverage of the Earth’s oceans with existing resources. As noted above, the
existing system is only 51 per cent
complete. That means that 49 per
cent of the global ocean remains
essentially unobserved.
Governments need to commit additional resources in order to achieve
complete global coverage. JCOMM’s
operational centre, JCOMMOPS, is
working with the OPA to develop
standard base maps showing what is
required against what is currently in
place, to evaluate observing-system
status and effectiveness and to
develop summary reports illustrating
how advancements toward global
coverage improve the effectiveness
of the observational information.
A standard map projection has now
been accepted by the OPA for
reporting system status and
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progress. It is an Equidistant Cylindrical Projection, 90°N to 90°S, broken at 30°E. A standard set of
colours indicating country contributions is used by JCOMMOPS. For
indicating system performance, a
progression of colours (red, orange,
yellow, green and blue) is used, with
red representing poorly observed,
progressing to blue, representing
adequately observed. For illustrating
measurements, hot colours (red) are
used for warm temperatures, generally high values and shallow ocean
depths; cool colours (blue) indicate
cool temperatures, generally low values and deep ocean measurements.
All Members/Member States are
encouraged to use these conventions when mapping their observing
system contributions.
In addition to platform statistics calculated by JCOMMOPS, quarterly performance reports are now available
for sea-surface temperature, sea-surface salinity, temperature profiles and
salinity profiles. The OPA is working
to incorporate reports for other ocean
variables that have been specified by
GOOS and GCOS. Access to these
reports is via JCOMMOPS at
www.jcommops.org/network_status.
A consolidated progress report with
contributions by countries is available at www.jcommops.org/net-

Coordinated implementation
of observational components
in support of international
comprehensive marine
hazard warning systems will
be a main driver for the
JCOMM OPA work plan over
the next four years.
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Joint WMO-IOC Technical
Commission for Oceanography
and Marine Meteorology—
second session
The second session of the Joint
WMO-IOC Technical Commission
for Oceanography and Marine
Meteorology will take place in
Halifax (Nova Scotia), Canada,
from 19 to 28 September 2005.

work_status, which lists the 64
countries and the European Union
that maintain elements of the composite ocean- observing system and
the number of in situ platforms and
expendables contributed by each
country. This report allows tracking
of progress toward implementation
of the ocean system specified in
GCOS-92. All JCOMM Members/Member States are invited to routinely
review this report and provide corrections
as needed to: opa@jcommops.org.
Note: observing system contributions are included in this report
only if they provide data to the
international community in accordance with WMO and IOC data
policies.
A Web-page is under development
that provides a single entrance portal
to link all Websites being maintained
by counties contributing to implementation of the global ocean observing
system. This single entrance portal is
intended to illustrate the ocean system of systems that is being implemented by JCOMM and partner programmes. This portal to national
centre Websites is available through
the JCOMMOPS a c c e s s p o i n t :
www.jcommops.org/network_ status.
Members/Member States are
encouraged to review the Website
and provide updates as needed to
opa@jcommops.org.

The OPA is also working to develop
a real-time observing system monitoring capability with live access
server to provide Web browser and
data visualization for system analysis and evaluation. Real-time data
and metadata will be pulled from
multiple sources, including the
Global Telecommunication System
and Web-based data servers and will
b e s t o r e d o n t h e O PA s y s t e m
servers for five years for display and
analysis. System managers and
other users will soon be able to generate their own customized reports
for specific global and regional
needs using this international
observing system management
infrastructure.
Working together
Since the Indian Ocean tsunami disaster of 26 December 2004, implementation of a comprehensive
global marine hazard warning system has become high priority on the
international ocean agenda. Opportunities for JCOMM and OceanSITES coordination with international marine hazard warning
systems are already being

Figure 3 — Chilean tsunami warning buoy
being deployed from the US research vessel
Ronald H. Brown by a joint Chilean and US
team during a climate mission for annual
maintenance of ocean reference station
“Stratus.” Also deployed during this mission were DBCP surface drifting buoys and
Argo profiling floats.

... interdisciplinary
requirements have
necessitated the
development of ever closer
working relationships
between oceanographers
and marine meteorologists
...

advanced, including real-time reporting from GLOSS tide-gauge stations,
coordinated deployment of ocean
buoys and the use of common
sites/platforms and logistics infrastructure for multiple observational
purposes. Coordinated implementation of observational components in
support of international comprehensive marine hazard warning systems
will be a main driver for the JCOMM
OPA work plan over the next four
years.
An example of coordinated system
implementation is illustrated in
Figure 3. Shown is the deployment of
a Chilean tsunami warning buoy from
the US research vessel Ronald H.
Brown during a December 2004 climate mission for servicing the OceanSITES moored buoy station “Stratus”
in the eastern Pacific Ocean. Both the
tsunami buoy and the Stratus buoy
(the Stratus buoy is pictured in
Figure 1, representing the global reference mooring network) were cooperatively deployed by a joint Chilean and
US team using the same ship support
infrastructure. Also deployed during
this mission were surface drifting
buoys for the DBCP, and profiling
floats for the Argo programme. International, interdisciplinary, interprogrammatic cooperation like this
will make possible efficient and effective implementation of the Global
Ocean Observing System.
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Ocean data
assimilation in
the Mercator
Ocean
forecasting
system

such as Meteorological Services and
agencies dealing with the ocean and its
environment, as well as private bodies
that are directly linked with customers
operating in the marine environment.
Committed by the Global Monitoring
for Environment and Security (GMES)
programme (a joint initiative of the
European Commission and European
Space Agency) to develop and integrate European global ocean monitoring and forecasting capacity, Mercator
Ocean will take a major step in late
2005 by starting real-time operations
of its new 1/4° global ocean system,
the central component of a European
capability integrated with regional
components. As part of this mission,
the Mercator Ocean operational centre will also offer to partners and
users its 10-years’ experience of operational oceanography developments
and operation, handling three classes
of scientific components which are
regularly upgraded:
• A series of ocean general circulation
models (OGCMs)
• Real-time processing of remotely
sensed and in situ observations
• Data-assimilation techniques.

By P. Bahurel, N. Ferry and the
Mercator Ocean data-assimilation team

Introduction
Mercator Ocean provides estimates of
the ocean circulation and thermodynamics at high resolution from global
to regional scales. Since early 2001,
this operational oceanography service
has continuously increased its forecasting capacity in the North Atlantic (since
January 2001), the Mediterranean Sea
(January 2003) and Global Ocean (July
2003). Its products are already used by
more than 150 referenced users from
various communities: public bodies
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This article gives an overview of
these scientific components developed and operated in the Mercator
Ocean centre.
We focus in this paper on a particular
component of the ocean analysis system, which is data assimilation. Data
assimilation is a technique that combines, in an optimal way, ocean observations with results from ocean
numerical model simulations in order
to obtain an optimal analysis of the
ocean state (i.e. three-dimensional
temperature, salinity and current
fields and sea-surface elevation). Several techniques exist and we will

present some of them in the different
Mercator Ocean analysis systems.
First, a brief overview of Mercator
Ocean is given, followed by a short
description of the ocean general circulation models (OGCMs) used and the
observations available for data assimilation. The last section is devoted to
the description of data assimilation in
the Mercator Ocean systems.
Mercator Ocean: an operational
centre for ocean monitoring and
forecasting
Mercator Ocean is the French operational ocean monitoring and forecasting centre. Its core mission consists in
the simulation of the global ocean
with primitive-equation high-resolution
models, assimilating satellite and in
situ data, to provide hindcasts and
near-real time nowcasts and forecasts
of the global ocean circulation on an
operational basis, i.e. continuous and
well-assessed information on the
ocean state from global to regional
scales.
Successfully built in 1995 as a joint
project between the six major French
agencies involved in oceanography1,
the activity was transitioned in 2002
to the Mercator Ocean consortium
public company to prepare the operational centre, now fully committed.
Mercator Ocean is member of EuroGOOS, a key actor of the international Global Ocean Data Assimilation
1 Namely: the Centre National d'Etudes
Spatiales (CNES), Centre National de
Recherche Scientifique (CNRS), Institut
Français de Recherche pour l'Exploitation
de la Mer (IFREMER), Institut de
Recherche pour le Développement (IRD),
Météo-France, Service Hydrographique et
Océanographique de la Marine (SHOM),
with involvement of their subsidiaries
CLS and CERFACS.

Experiment GODAE and the European MERSEA GMES project for
operational oceanography. It is
actively involved in the ESA GMES
Service Elements projects.
The Mercator Ocean system provides
a full 3D depiction of the ocean
dynamics and thermohaline circulation
(temperature, salinity, currents, sea
surface elevation, etc.), with priority
given to high-resolution (eddy resolving) scales. Information is available on
a near-real-time and routine basis, by
providing weekly near-real-time analyses and two-week forecasts; and in a
re-analysis mode, with data assimilation. Real-time outputs, as well as validation reports, are available at
http://www.mercator.eu.org. Since
2001, the team has been providing
weekly ocean bulletins without any
service interruption to a wide range of
users, and underwent three major
releases of the forecasting system.
The system has been regularly
upgraded, expanding the geographical
coverage from regional to global
ocean, improving models and assimilation schemes, adding new data and
building new products. The next
phase, bringing the 1/4° resolution at
global scale, is both an achievement
of this multi-year investment, and the
starting point of the global ocean
route to eddy-resolving.
As part of its national and European
missions, the Mercator Ocean operational oceanography centre is tasked
with developing a new ocean “core
service”, to serve the following enduser needs:
•
•
•
•

Institutional operational applications
Research
Private sector operational applications
Environmental policy-makers

The generic information that has to be
delivered to this wide range of users

is multi-fold: information (real-time
and operational 3D data, long-term
simulations), tools (ocean configurations, assimilation tools, etc.), and
expertise (forecaster’s bulletin,
assessment studies, etc.). Some components of this operational oceanography service are already in place
and active; others are under development and will be progressively activated through close partnerships with
users. The foundations are in place,
however, thanks to a multi-year, constant research and development
investment in modelling, data handling and assimilation.
Numerical ocean models and
assimilated observations
The Mercator Ocean system is based
on a hierarchy of prototypes and, at
the present time, three prototypes are
being used. Each consists of an ocean
model, different datasets that are
assimilated and an assimilation system. We describe hereafter the first
two components of a prototype,
namely the model and the observations to be assimilated.
Models
The first prototype is a global ocean
coarse resolution (~2°) configuration;
the second covers the North and Equatorial Atlantic at medium resolution
(1/3°); and the third has a high resolution (1/15°) in the North Atlantic and
Mediterranean Sea. An upgrade in the
resolution will soon be achieved for the
global configuration from 2° to 1/4°. By
the end of 2005, four prototypes
should run operationally on a weekly
basis, delivering oceanic analysis and
forecasts globally at the mesoscale2

resolution. Figure 1 illustrates the spatial coverage of these models and the
typical oceanic structures present in
the numerical model outputs.
Mercator Ocean uses the OPA-NEMO
primitive-equation ocean code developed at the Laboratoire d'Océanographie Dynamique et Climatologie in
Paris [Madec et al., 1998]. The basic
idea of a numerical ocean model is to
divide the ocean into small boxes in
which temperature and salinity are
considered homogeneous. The time
evolution of the properties of each
box is governed by thermodynamical
(Navier-Stokes) equations. These
describe how the temperature and
salinity fields are modified by the horizontal/vertical currents or by mixing
and vice versa. These equations also
describe how the surface forcing (in
other words the wind, rain, solar radiation, clouds, etc.) impacts the ocean
upper layers.
Surface forcing consists of daily fields
of wind stress (i.e. the friction of the
wind on the ocean surface), evaporation, precipitation, non-solar and solar
heat fluxes, provided by the European
Centre for Medium-range Weather
Forecasts (ECMWF) analyses and
forecasts. The surface forcing
includes a retroaction term in the net
heat flux, based on the difference
between the model sea-surface temperature (SST) and the weekly
Reynolds SST product, in order to
describe the coupling between ocean
and atmosphere. The main river outflows are represented by an input of
freshwater at the river mouth given by
the UNESCO climatological monthly
database (Vörösmarty, 1996). A freshwater flux is also added along the
Antarctic coast to simulate the melting of the continental ice.

2 The mesoscale is the typical scale of the smallest synoptic eddies present in the ocean.
This scale depends on latitude and for the ocean it is several tens of kilometres at midlatitudes, a value about 100 times smaller than the equivalent atmospheric scale.
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elling in European seas. The next version of the high-resolution Atlantic
model will design the future global
high-resolution model (1/12°) with a
free surface, a partial step vertical
coordinate, the use of atmospheric
bulk formulae and of a sea-ice model.
• The second configuration covers the
global ocean with a medium resolution (1/4° horizontal resolution, 46 vertical levels from 6 m at the surface to
250 m at the bottom). It aims at providing the best ocean state estimates
for global ocean analysis and boundary conditions for regional models
worldwide. This configuration uses
the same parameterization as the
high-resolution model described
above.
Two smaller configurations are also
implemented in real-time by Mercator
Ocean for demonstrating and testing
new algorithms:
Figure 1 — Examples of Mercator Ocean system outputs: (a) global ocean (~2° model) seasurface temperature field, real-time analysis 1 June 2005, computed 1 June 2005; (b) North
and tropical Atlantic (1/3° model) 1 000 m depth salinity, two-week forecast 15 June 2005,
computed 1 June 2005; (c) Gibraltar Strait (5-7 km model, ~1/15°) surface currents (note the
presence of eddies); real-time analysis 1 June 2005; (d) Mediterranean Sea (5-7 km model,
1/16°) temperature vertical section between Sète and Tunis (and surface current map); twoweek forecast 15 June 2005, computed 1June 2005.

Two configurations are Mercator Ocean
target configurations for the GODAE
intensive phase (2003-2005), in order to
cover North Atlantic and Mediterranean
Sea basins with an eddy-resolving resolution3 and the global ocean with an
eddy-permitting4 resolution:
• The first configuration is a basin- high
resolution configuration (5-7 km hori-
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zontal resolution, 43 vertical levels
from 6 m at the surface to respectively 200 m and 300 m at the bottom of the Mediterranean Sea and
the Atlantic) covering North Atlantic
from 9°N to 70°N and the Mediterranean Sea. This configuration
focuses on mesoscale processes
[Drillet et al., 2004] and provides
boundary conditions for coastal mod-

• A basin medium-resolution configuration developed during the Clipper
project (1/3° horizontal resolution, 43
vertical levels from 12 m at the surface to 200 m at the bottom) covering the North and tropical Atlantic
(Benkiran, 2004).
• A global coarse-resolution configuration (~2° horizontal resolution, 31 vertical levels) covering the global ocean
(Ferry, 2004).
At the present time, the two basin configurations (middle and high resolution)
as well as the coarse resolution global
ocean configuration are operational, the
1/4° global ocean model being under
development. This system should be
operational in the next few months.

3 Eddy resolving: this corresponds to the horizontal resolution of an OGCM capable of
reproducing with a good accuracy the fine structures of oceanic eddies. Typically, this
scale is about 1/12° (~7 km) at mid-latitudes (~40°N/S).

Ocean data

4 Eddy permitting: this corresponds to the horizontal resolution of an OGCM capable of
reproducing some features of oceanic eddies. Typically, this scale is about 1/3° (~30 km)
at mid latitudes (~40°N/S).

Mercator Ocean relies on existing
data-assembly centres to collect,

Among these satellite measurements, altimetric (or sea-level) measurements provided by TOPEX/Poséïdon, Jason-1, ERS-2, ENVISAT or
GEOSAT Follow-On (GFO) are of particular interest, because they measure the sea-surface elevation which is
representative of both the ocean-surface circulation and the thermohaline5
content of the ocean. Most of the
great advances in operational analysis/forecast systems have been possible thanks to the availability of
these altimetric data.

process and validate the observations
used as input in real-time and delayed
mode. Input data for Mercator Ocean
include in situ, as well as remotely
sensed, observations. It is worth noting that ocean data are a key component of ocean-analysis systems and
are used for several applications: forcing, data assimilation and model validation. Here we will focus on the
data used for assimilation.
Figure 2 shows the different types of
observations—in situ and remotely
sensed—used for data assimilation in
ocean analysis/forecast systems
such as the Mercator Ocean prototypes. In situ observations consist of
four categories of data. First, drifting
buoys (1) are able to provide sea-surface parameters such as temperature
and horizontal velocity. They follow
the ocean- surface currents and
transmit their measurements via the
ARGOS satellite system.
Moored arrays (2) are more sophisticated instruments which measure
various parameters (temperature,
salinity, horizontal current, biological
parameters) at different depths in a
particular place. A good example is
the Tropical Atmosphere Ocean
(TAO) array, which is composed of
more than 60 moored buoys, providing high-accuracy measurements of
the tropical Pacific, from the surface
to down to 500 m depth (see
h t t p : / / w w w. p m e l . n o a a . g o v / t a o /
index.shtml). Vertical temperature
and salinity profiles are also made
available through oceanographic
cruises (3) and volunteer observation
ship expandable bathythermograph
(XBT) measurements.
Lastly, a new category of in situ data
appeared recently: temperature and
salinity profiles measured by ARGO
vertical profiling floats (4). This kind
of float samples the internal ocean
parameters while it ascends and

Figure 2 — Different kinds of ocean data
assimilated:(1) drifting buoys; (2) moored
arrays; (3) ship measurements; (4) ARGO
vertical profiling floats. The remotely sensed
observations are provided by satellite (see
text for more details).

descends in the ocean. The measurements are transmitted via the
ARGOS satellite system when the
float is at the surface. At present,
more than 1 900 floats are operational
in
the
ocean
(see
http://w3.jcommops.org/cgibin/WebObjects/Argo) and about
3 000 floats should cover the global
ocean at the end of 2007 (see also
page 120).
The second important component of
the global ocean observing network
is the remotely sensed data provided
by satellites. They deliver a large variety of surface measurements such
as sea-surface temperature, sea-level
anomaly, ocean colour (i.e. a measure of the surface zooplankton concentration) and, in the coming years,
new instruments are expected to
measure sea-surface salinity from
space.

To illustrate this, Figure 3 shows an
estimate of the assimilation skill of
Mercator Ocean North Atlantic 1/3°
multivariate prototype assimilating
SST, vertical profiles of temperature
and salinity and sea-level anomaly
(SLA) data. We can see that, when
altimetric data are lacking in July
(ERS-2) and October (GFO) (Figure
3(a)), the SLA forecast error over
the Atlantic increases (Figure 3(b)).
This means that altimetric data have
a large impact on the ocean forecast skill and are crucial for data
assimilation.
As a conclusion, it is important to
keep in mind that the availability of
ocean data is crucial for assimilation.
The quality of operational ocean
analysis systems can be guaranteed
only if the current observing networks are maintained and expanded.
The success of ARGO array continuity and Jason-2 altimetric satellite
mission launch will have a large
impact on operational oceanography.
The complementary nature of in situ
and remotely sensed data should
also be pointed out: ARGO floats are
the only way to access subsurface
observations on a global scale,
whereas satellite measurements
offer a unique synoptical and global

5 Content in heat and salt of the ocean
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tional chain soon; and SAM-3 is being
studied in a research mode.
Assimilation is considered for routine
near-real-time nowcasts and forecasts issues, but also long-term (over
10 years) reanalysis products.

SAM-1
The SAM-1 assimilation tool is based
on a reduced-order optimal interpolation method. Two different assimilation versions of this system are used
in the Mercator Ocean prototypes:
the SAM-1v1 and SAM-1v2 techniques.

Figure 3 — Assimilation skill for Mercator Ocean North Atlantic 1/3° multivariate prototype in
2003: (a) number of altimetric data available and (b) seven-day model forecast error in sealevel anomaly (in cm).

view of the ocean surface at very
high resolution.
Ocean data assimilation
An ocean monitoring and forecasting
system is based on two integrated
components: the remotely sensed
(e.g. SST, altimetric data) and in situ
(e.g. temperature and salinity profiles)
observations (described in the previous section) and the thermodynamical ocean model that are combined to
give the best possible description of
the real ocean. The way to optimally
combine the information given by
each system component is called
“data assimilation”. This optimal
combination (i.e. data assimilation) is
achieved by taking advantage both
from the information contained in the
observations of the real ocean and
from the constraints imposed by the
ocean model physics (i.e. the physical
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equations governing the ocean
model). Data assimilation allows, for
instance, eddy-permitting ocean models to have mesoscale structures that
are in phase with what can be
observed. The result is a description
of the ocean closer to reality.
Mercator Ocean is developing a suite
of assimilation tools (called "SAM" for
Système d'Assimilation Mercator) of
increasing complexity, from sequential
to variational methods: the first
release, SAM-1, is based on optimal
interpolation; the second release,
SAM-2, will consider a Singular
Extended Evolutive Kalman (SEEK) filtering analysis method; and SAM-3,
will consider advanced methods such
as 4D variational method.
SAM-1 has b een used on an operational real time basis since early
2001; SAM-2 is under development
and will be integrated in the opera-

Version 1 (SAM-1v1) is based on the
lifting-lowering of isopycnals (surfaces of constant density) approach
and allows the assimilation of SLA
data only. The underlying idea is to
analyse the difference between
model and satellite along track sealevel anomalies over one week and
to deduce how the isopycnal surfaces have to be displaced vertically
to reduce the model data misfit. This
data-assimilation technique is based
on the fact that sea-level is closely
related to isopycnal depth: the deeper
the isopycnals, the higher the sealevel. Conceptually, if we assume that
density changes are due only to temperature, this means that warm water
(which is less dense and takes up
more room than cold water) will produce high SLA and conversely.
To illustrate this, Figure 4 represents
sea-level as well as isopycnals along
the equatorial Pacific before and after
data assimilation for 22 June 1993.
We can see that between 180°W and
140°W, the effect of assimilation is to
move the isopycnals upwards
(Figure 4(b)). In terms of temperature,
this is equivalent to raising the
isotherm, in other words to cool the

then analysed using a fully multivariate optimal interpolation method. The
model state is updated by the sum of
the contribution of each selected EOF,
corresponding to the Kalman gain
multiplied by the innovation. This kind
of scheme is called “multivariate”:
this means that a single observation
will modify all the ocean model variables (i.e. temperature, salinity and
the currents) through multivariate statistics (EOFs).

Figure 4 — Sea-level (a) and isopycnals as a function of depth (b) at the Equator in the Pacific
for 23 June 1993 as simulated by the Mercator Ocean coarse-resolution global ocean analysis
system. The model state before (respectively after) assimilation is represented by black
(respectively red) lines. Sea-level is in metres, isopycnals (water density minus 1 000) are in
kg/m3.

water at a fixed depth. The impact on
sea level is clear: by decreasing the
ocean heat content, the surface elevation is decreased (Figure 4(a)) and
becomes closer to the observations.
Although this method gives satisfactory results at mid-latitudes, its main
disadvantage is that it is not possible
to constrain ocean models with other
observations such as SST or in situ
temperature and salinity profiles.
This limitation motivated Mercator
Ocean to develop multivariate multidata-assimilation techniques that allow
the assimilation of in situ profiles, altimetric and SST data. This data-assimilation technique has been used operationally since January 2004 in the
Mercator North Atlantic eddy-

resolving (1/3°) ocean analysis/forecast
system (http://bulletin.mercatorocean.fr/html/produits/psy1v2/
psy1v2_courant_en.jsp). This system
uses fully multivariate 1D Empirical
Orthogonal Functions (EOFs) of vertical temperature and salinity profiles
and barotropic stream function to perform a reduced-order optimal interpolation (Benkiran, 2004).
This assimilation system works as follows: first, the differences between
the observed and simulated SLA, SST
and in situ temperature and salinity
profiles are computed over a sevenday period model integration. These
differences, called innovation, are

Figure 5 shows an example of data
(SLA data, temperature and salinity
profiles) assimilated over a seven-day
assimilation window and the resulting
model state after assimilation. One
can notice the high spatial coverage of
the altimetric data (three satellites are
available (Figure 5(a)) and the relative
scarcity of in situ data, especially
salinity profiles (Figure 5(c)). The continuous line in Figure 5(b) corresponds
to XBT temperature profiles collected
along shipping tracks. The analysed
SST field which integrates information
coming from both the ocean model
and the available observations is displayed in Figure 5(d) and shows
important mesoscale structures.

SAM-2
The next generation of multivariate
assimilation system, referred to as
SAM-2, is being developed from
reduced-order Kalman filters using
three dimensional (3D) multivariate
modal decomposition of the forecast
error co-variance. The use of the 3D
modal representation for the error statistics is intended to overcome some
of the limitations of SAM-1v2 in highly
non-homogeneous, anisotropic, and
non-separable regions of the world
ocean such as shallow areas, as well
as in the surface layer.
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(a)

(b)

(c)

(d)

model-observation square misfit over
a time period with their given a priori
errors. The solution given is the closest model trajectory to the observations dynamically consistent with the
model equations. In a 4D variational
assimilation system, at a given time,
the solution is constrained by past
and future observations available in
the assimilation window. This technique is under development and will
be used first with the coarse-resolution (~2°) global ocean configuration,
to assimilate both in situ and altimetric data.
Conclusion

Figure 5 — Different kinds of assimilated data for a particular week and resulting sea-surface
temperature analysed by the Mercator North Atlantic (1/3°) prototype: (a) along track SLA
data (Jason-1, ERS-2, GFO); (b) available temperature; (c) salinity vertical profiles ;and
(d) analysed sea-surface temperature

As an illustration, Figure 6 shows the
representer function for the sea-surface temperature in two different
regions: the equatorial Pacific at 0°N,
140°W (Mercator coarse resolution
system) (Figure 6(a)) and near the
eastern Florida coast at 27°N, 80°W,
in the Atlantic (1/3° model, Figure
6(b)). The representer indicates how
the model SST is modified by the
assimilation of a single SST observation 1°C warmer than the model SST.
In Figure 6(a), the impact of this virtual
observation on SST extends eastwards and westwards (about ±10° of
longitude) but also ~1° latitude north
and southwards. In fact, the shape of
the representer is slightly anisotropic,
a feature that only the 3D multivariate
technique is able to represent. In Figure 6(b), the representer function
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exhibits a structure influenced by the
Gulf Stream current which flows eastwards out of the Caribbean Sea and
circulates northwards, following the
American coast. The representer highest values are located near 27°N,
80°W with a meridional structure. Values greater than 0,5°C can also be
found west of Florida, which may indicate that SST changes could be also
due to surface heat fluxes in this particular area.

SAM-3
Advanced data assimilation techniques, such as the variational
approach, are also investigated in
Mercator Ocean. The variational
(three- or four-dimensional) approach
is based on the minimization of the

Data assimilation is a core component of the Mercator Ocean Global
Monitoring and Forecasting system.
A full suite of different assimilation
tools has been developed by the
Mercator Ocean team, for operational or reanalysis purposes, and
validated in different ocean configurations. The optimal interpolation
assimilation technique—in univariate
and multivariate configurations—has
been successfully operated in operational mode on a continuous basis
for more than four years and
advanced assimilation methods are
progressively being introduced in the
operational chain.
This multi-year experience on operational algorithms is a core contribution to the Mercator Ocean European mission for operational
oceanography. Responsible for the
global ocean system, Mercator
Ocean will start real-time operations
of the 1/4° global ocean system in
late 2005 and then progressively
improve its ocean service by improving the assimilation scheme (e.g. for
seasonal forecasting applications)
and increase the resolution to eddyresolving (for mesoscale operational
applications).
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Figure 6 — Representer function of a +1°C sea-surface temperature observation anomaly.
Based on model statistics, the representer function indicates how the model state (in this
figure, the SST field) is modified by a single SST observation (°C): (a) the representer is
relative to an SST point located at 0°N, 140°W (blue square) in the Pacific; (b) the representer
is relative to an SST point located at 27°N, 80°W (blue square) in the Atlantic. The arrow
indicates the Gulf Stream path.
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Interview with
Larry Gates

their Climate Programme. In 1976, he
became Professor and Chairman of
the Department of Atmospheric Sciences (and founding Director of the
Climatic Research Institute) at Oregon
State University. He returned to California in 1989 to the Lawrence Livermore National Laboratory. Since 2004,
Prof. Gates has been Director of the
National Institute for Global Environmental Change at the University of
California at Davis.
Larry Gates is the author or co-author
of more than 100 scientific papers and
reports. From 1985 to 2004, he was
the (founding) Editor of the international research journal Climate
Dynamics.

Prof. Larry Gates

W. Lawrence (Larry) Gates was born
in Pasadena, California, on 14 September 1928. He received his Bachelor’s, Master’s and Doctoral (1955)
degrees from the Massachusetts
Institute of Technology (MIT), all in
meteorology. He was a member (and
later director) of the Numerical Prediction Project at the Air Force Cambridge Research Center and then as
Assistant (later Associate) Professor
in the Department of Meteorology at
the University of California, Los Angeles (UCLA).
In 1966, he joined the RAND Corporation in Santa Monica as Director of
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Larry has served WMO in many
capacities, beginning with his appointment to the Global Atmospheric
Research Programme (GARP) (later
the World Climate Research Programme (WCRP)) Working Group on
Numerical Experimentation (WGNE) in
1974 (on which he served until 1994).
From 1990 to 1995, he was chairman
of the WGNE’s Atmospheric Model
Intercomparison Project (AMIP) Panel
and Chairman of the WCRP’s Steering
Group on Coupled Models; he was a
member of the ad hoc WCRP Study
Group on CLIVAR (WCRP’s research
programme on climate variability and
change) from 1991 to 1992, and a
member of the CLIVAR Scientific
Steering Group between 1993 and
1994. Prof. Gates became Chairman
of the Joint Scientific Committee
(JSC) for the WCRP in 1994, continuing as such until 2000.

What have been the most significant scientific advance that has
taken place during your career?
Without question, the most significant
advance in meteorology has been the
emergence of numerical modelling.

As a research meteorologist in numerical weather prediction (NWP) in Cambridge in 1953, I was able to contribute to the development and
testing of one of the first baroclinic
numerical prediction models to be
applied to an ensemble of initial conditions and to be systematically compared to the corresponding forecasts
from another (barotropic) model.
Since then, I have been privileged to
have been a part of the phenomenal
development of NWP and, more
recently, the development of climate
modelling, which have revolutionized
meteorology. These advances have
gone hand-in-hand with the development of high-speed computers, and
have transformed the field into a true
atmospheric science. Today, the availability of supercomputers, global
observations and an array of sophisticated models is taken for granted, and
we deal routinely with ensembles of
integrations of high-resolution coupled
models over intervals from days to
centuries. Present-day computers are
more than 10 million times faster than
the pioneering IBM 701 I used in
1954!

What do you consider to be your
most important contributions to
climate research/modelling?
First of all, I would mention my work
with the Climate Programme at the
RAND Corporation in the late 1960s
and early 1970s that resulted in the
first comprehensive documentation of
an atmospheric global climate model
(GCM) and its systematic validation
and application.
A second project effort of which I'm
proud was the work of the Program
for Climate Model Diagnosis and
Intercomparison at the Lawrence Livermore National Laboratory. This
group’s development and manage-

Committee
for
GARP. My report
“Understanding climatic change” was
published in 1975
by the US Academy of Sciences
and served as a
pre-publication
working document
to the WMO’s
Study Conference
on the Physical
Basis of Climate
and Climate ModelBaltimore, Maryland, USA, June 2004 — Larry Gates with
ling held in StockSandy MacCracken of the US Climate Change Science Program holm in 1974. In
during the CLIVAR Conference
1976, WMO issued
the first ever statement on climate
ment of the Atmospheric Model Inter- change and also the first scientific
comparison Project, in cooperation statement on the state of global
with the WCRP JSC/WMO Commis- ozone.
sion for Atmospheric Science (CAS)
Working Group on Numerical Experi- An appendix to the GARP report recmentation, has established interna- ommended a comprehensive internationally recognized standards for cli- tional programme. Many of this
report’s recommendations were submate model analysis and evaluation.
sequently used in the development of
Among my personal research the WCRP.
achievements, I would include my
studies of the errors of finite-difference approximations in atmospheric How did the transition from GARP
models and my numerical studies of to WCRP take place?
the behaviour of transient Rossby
waves, which helped to clarify the Even before completion of the First
dynamical origins of the western GARP Global Experiment (FGGE) in
ocean boundary currents. I am also 1979, which was the most compreproud of having performed the first hensive of the several observational
successful simulation of the 18 000 programmes organized under GARP,
years BP ice age climate, which increasing attention was being paid to
opened the door to the subsequent the question of climate, due both to
the continued development of climate
modelling of paleoclimate.
models and to growing concern over
the possible climatic effects of
increasing concentrations of carbon
What was your initial involvement
dioxide in the atmosphere.
with WMO and its international
research programmes?
In 1979, Eighth World Meteorological
I was first involved with WMO’s Congress established the World Cliresearch in 1971 as a member of the mate Programme, including the
Panel on Climate Variation of the US WCRP to be jointly managed by

WMO and ICSU and guided by a
Joint Scientific Committee (JSC). The
IOC subsequently joined WMO and
ICSU as a formal sponsor of the
WCRP in 1993.

How important is it for future projects that WCRP is sponsored by
ICSU and IOC as well as by WMO?
ICSU’s continued support has given
the WCRP a direct and valuable link to
the international scientific community.
Although ICSU’s and IOC’s financial
support for the WCRP is substantially
less than that provided by WMO, its
sponsorship has a high intellectual
value for the WCRP and emphasizes
its relationship with other global
change research programmes supported by ICSU.
The support of the international
oceanographic research community
as represented by the IOC has also
been important to the WCRP, and has
facilitated the successful organization
of major oceanographic observational

Geneva, February 1979 — Larry Gates at
the World Climate Conference
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experiments such as the World Ocean
Circulation Experiment (WOCE) and
CLIVAR. Such interagency collaboration will be vital in the years to come.

and played a more central role in the
international assessment of climate
change research that has subsequently been assumed by the IPPC.

What are the major challenges for
the Chairman of the JSC for the
WCRP?

What do you see as the greatest
challenges and opportunities for
the WCRP over the next decade?

The major challenge is probably the
promotion of coordination and effective interaction among the major
WCRP projects in pursuit of the programme’s overall objectives. The various projects are each in pursuit of
their focused objectives and it is a
challenge to properly nurture their
projects, while encouraging and supporting other activities.

Beyond the continuation of its substantial contributions to the international coordination of climate
research, climate modelling and global
observing systems, a major challenge
over the next decade will be coordinating the application of these developments. A key opportunity would be
an international project to provide systematic predictions of regional climate
anomalies on monthly to seasonal
time-scales in cooperation with other
WMO programmes. Although initiated in a research mode, such an
effort could provide
results of great practical value to many
nations and would be
an important deliverable from the 25-year
research investment
made by the WCRP’s
sponsors.

The coordination of climate-modelling
activities and the development of an
international modelling infrastructure
is also an area requiring attention. In
particular, the ongoing Atmospheric
Model Intercomparison Project serves
as a useful reference for the documentation of model improvement and
has facilitated model validation for the
WMO/United Nations Environment
Programme Intergovernmental Panel
on Climate Change (IPCC).

Is there anything that WCRP could
do differently in the future?
The WCRP should pay more attention
to the area of public relations in order
to increase its visibility in the international scientific community and to
emphasize the relevance of its work
to national climate research programmes. It could, for example issue
a periodic newsletter providing highlights of the various research projects
and their role in the overall WCRP
effort, and a description of current
staff activities and meetings. The
WCRP could have assumed a higher
profile on the issue of global warming
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A related major challenge to the WCRP
lies in the Earth System Science Partnership. This area will be
critical for the successful development
of comprehensive
Earth system models.
In this effort to bring
climate and global
change research to
bear on the issues of
carbon, water, food
and health in cooperation with other international activities such
as the International

Geosphere-Biosphere Programme
and the International Human Dimensions Programme (of the International Council for Science) and
DIVERSITAS (an international programme of biodiversity science), the
WCRP has the challenge—and,
indeed, the responsibility—to provide
the scientific basis on which successful practical applications must
rest.

How do you envisage the future of
numerical modelling as applied to
weather forecasting, climate predictions and projections of climate
change?
Numerical modelling provides the scientific foundation of modern weather
forecasting and climate simulation and
can be expected to yield further
increases in accuracy and detail in

Guayaquil, Ecuador, March 2005 — Larry Gates (left) with
Peter Lemke, Chaiman of the WCRP JSC (seated), and David
Carson, Director of the WCRP, on the occasion of the
WCRP's 25th anniversary celebration

On the basis of the current understanding and projections of climate
change, do you have any advice on
how governments should address
this issue?
All governments should recognize that
climate change is an inherently global
issue, and that every nation’s climate
is but the local result of a worldwide
interplay among climate forcings and
feedbacks, whether natural or anthropogenic.

Larry Gates at the Great Wall of China in
July 1985

both shorter-term (weather) and
longer-term (climate) integrations
through improved models and the
generation of ensembles. It must be
recognized, however, that the chaotic
behaviour of the atmosphere limits
the skill that can be achieved—all
forecasts are inherently probabilistic.

By cooperating in observing and modelling the climate through an international programme such as the WCRP,
the world’s governments can effectively leverage their resources and
coordinate their responses to the
effects of climate change.
Although further research is needed
on some aspects of the problem, the
scientific evidence is now overwhelming that the bulk of the observed
global warming is due to mankind’s
activities. All nations should therefore
support collective action to reduce its
undesirable effects, with special
attention given to those nations most
at risk.

Among future modelling challenges,
I believe the treatment of convection,
the inclusion of atmospheric chemistry and aerosols, and the interactive
coupling of ecology are the most
important. Each of these will require
greatly increased resolution, so that
the dynamics of convective-scale
atmospheric motions and of surface
ecosystem interactions, for example,
can be reliably determined. I envisage
the emergence of a family of hybrid
dynamical-statistical models making
full use of observational data assimilation on all relevant scales of space
and time.
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Antecedent conditions

The Australian
drought of
2005

Photo: Australian Government Deptartment of
Foreign Affairs and Trade

The 2002/2003 El-Niño-related Australian drought (Coughlan et al., 2003)
was arguably one of, if not the, worst
short-term droughts in Australia’s
recorded meteorological history
(Nicholls, 2004), lasting from March
2002 to January 2003. Analysis of
rainfall records for this 11-month
period showed that 90 per cent of the
country received rainfall below that of
the long-term median, with 56 per
cent of the country receiving rainfall in
the lowest 10 per cent (i.e. decile-1)
of recorded totals (Australia-wide rainfall records commenced in 1900).
The impact of the widespread rainfall
deficiencies was exacerbated by high
potential evaporation rates in
response to the very high daytime
temperatures. The period from March
2002 to January 2003 brought a maximum temperature anomaly of
+1.51°C; exceptionally higher (0.61°C)
than the previous March-January
record set in 1980. During the
2002/2003 drought, Australia experienced widespread bushfires, severe

duststorms and agricultural impacts
that resulted in a drop in Australia’s
Gross Domestic Product of more than
1 per cent.
While rains in early to mid-2003 initially eased conditions considerably,
2003 proved to be an average rainfall
year for Australia, not the aboveaverage year needed to put moisture
back in the soil, get rivers fully flowing
and refill farm dams and city and town
reservoirs. Indeed, for much of eastern Australia—the area hardest hit by
the 2002/2003 drought—rainfall was
generally in the range of average to
below average. Again, the 2003 maximum temperature anomalies were
high; +0.65°C above the 1961-1990
average, and the sixth warmest on
record. In many areas, crops were
below average, though generally
above that of the previous year.
Recovery from the drought proved to
be only partial.
The following year, 2004, repeated this
pattern. Again, near-normal to belownormal rainfall for eastern Australia
failed to alleviate the rainfall deficits

By Andrew B. Watkins, National
Climate Centre, Bureau of Meteorology,
PO Box 1289, Melbourne, VIC 3001
a.watkins@bom.gov.au

Rainfall decile
ranking

Introduction
The first five months of 2005 were
exceptionally dry for much of Australia
(Figure 1), leading many to label this
period a truly exceptional drought.
While calling such a short period of
dry conditions “drought” may sound
strange for a continent renowned for
its long-term dry events, let alone for
the continent with the Earth’s largest
climate variability, the first half of
2005 came on the back of little recovery in the eastern half of the continent
from the extreme drought of
2002/2003.
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Highest on record
Very much above
average
Above average
Average
Below average
Very much below
average
Lowest on record

Figure 1 — Rainfall deciles for 1 January to 31 May 2005

experienced in this region since the
drought event of 2002/2003. Water
storages, in particular, remained at low
to extremely low levels, resulting in
water restrictions for urban users in
Adelaide, Melbourne, Canberra and
Sydney and in reduced allocations for
the majority of rural irrigators. Daytime
temperatures were again above the
mean for much of the eastern half of
the continent, giving Australia its
eighth hottest year (+0.53°C) since
Australia-wide annual temperature
records commenced in 1910.
The dry of early 2005
With a minimum of three below-average crop- and pasture-growing seasons and for some regions even
longer (south-eastern Australia had
already experienced below-average
rainfall since late 1996), it was hoped
2005 would provide agriculture with a
recovery from the long-term dryness.
For the vitally important first five
months—the period when much of
the southern cropping regions receive
their all-important autumn rains—this
proved not to be the case (Figure 2).

Figure 2 — Normalized Difference Vegetation Index (NDVI) vegetation anomaly images for
January 2005 (above) and May 2005 (below). Regions that are drier and less healthy than in
the previous three years are shown in brown, while areas of greener-than-normal vegetation
are shown in green. NASA images created by Jesse Allen, Earth Observatory, using data
obtained courtesy of USDA Foreign Agricultural Service and processed by Jennifer Small
and Assaf Anyamba, NASA GIMMS Group at Goddard Space Flight Center.

In the period January-May 2005, Australia received on average only
167 mm of rainfall (Figure 1), the second lowest January to May total (after
1965) since Australia-wide monthly
records commenced in 1950. Particularly hard hit were the prime agricultural areas of southern Queensland,
central and northern New South
Wales, and southern South Australia.
Central Victoria also experienced generally very dry conditions, despite having average rainfall for the full period;
excluding record breaking storms over
36 hours on 2 and 3 February, this
area received only around half its normal rainfall. Rainfall deficits were further hampered by the hottest maximum temperatures on record for this
five-month period, with Australia-wide
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temperatures 1.75°C above normal,
0.57°C above the previous record for
the January-May period.
April, typically the time of the southern farmers’ “autumn break” when
the first good rains of the cropping
season are expected, proved even
more remarkable. Aside from Australia averaging only 10.9 mm rainfall
for the month (average 31.05 mm),
maximum temperatures were 3.11°C
above normal, not only 0.7°C above
the previous record, but the largest
anomaly recorded for any month
since Australia-wide records began.
This was followed by a May in which
the southern cropping regions
received only 6 mm of rainfall, in contrast to a median of around 40 mm,
and the Australia-wide maximum
temperature anomaly was +1.95°C,
the second warmest May on record
(after 2002).
The extremely dry start to 2005 was
primarily the result of anomalously
high pressure over the country that
had been present since the start of
the year (Figure 3). Not only did this
strengthen the subtropical ridge and
hence suppress any chance of rainfall
in the interior, but it also prevented
any northward penetration of cooler,
moisture-laden air from the Southern
Ocean, primarily by keeping frontal
activity to the south of the continent.
The higher pressures also hindered
any southward penetration of the
Australian monsoon during the summer and early autumn. Whilst these
conditions also contributed to the
high temperatures, these were far
higher than may have been
expected, given the rainfall anomalies and hence also reflected the
longer-term warming trend in Australia’s climate.
The dry and hot conditions of early
2005, severe in themselves, were
clearly made worse by the longer-
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Figure 3 — Mean sea-level pressure anomalies in hPa for March-May (autumn) 2005 with
respect to a 22-year re-analysis climatology of the National Centers for Environmental
Prediction

term dryness. For eastern Australia
as a whole, the four-year period from
June 2001 to May 2005 was the driest June to May four-year period on
record. For Australia’s cropping
regions, only the four years from
June 1911 to May 1915 were drier,
with 2005 conditions comparable to
the lengthy drought of the 1940s.
However, the 1940s were a period of
even longer protracted dryness and it
may be argued, therefore, that they
were, overall, a more severe period
for rainfall deficiencies.
Similarly, if only the 39 months from
March 2002 (the start of the
2002/2003 El-Niño-related drought)
are considered (Figure 4), eastern
Australia (defined as the combined
areas of Queensland, New South
Wales, Victoria and Tasmania) had its
second driest such period on record
after the “federation” drought period
of 1900-1903. (The “federation”
drought commenced around 1895
and hence was a longer period dry
overall. It was so called as it straddled Australia’s federation year of

1901.) Likewise, the 39-month period
starting March 2002 was clearly the
warmest on record for eastern Australia (mean temperature anomaly:
+0.69°C), the second being the 20012004 period. Maximum temperatures
averaged over Australia were
+0.99°C above normal, again exceeding 2001-2004, with the third
warmest (1979-1982) being considerably (0.59°C) cooler. Unfortunately,
Australia-wide temperature anomalies are unavailable for the period of
the federation drought. Annual maximum temperature anomalies for the
four years 1943-1946 (the driest fouryear period of the 1940s), however,
averaged -0.14°C—considerably
cooler than recent anomalies.
Impacts of the 2005 drought
Impacts of the continued long-term
dryness, coupled with the severely
hot and dry conditions of early 2005,
were focused in the agricultural (Figure 5) and water-resource sectors.
The Australian Bureau of Agriculture

and Resource Economics (ABARE)
issued a crop report in early June
2005, warning that the total winter
crops sown were expected to be
reduced by around 8 per cent, with
production forecast to be down by
20 per cent. These outlooks were
based upon the conditions in June
and the outlook for average to
below-average rainfall for the
remainder of the year.
Similarly, water storages—both for
domestic and irrigation use—
remained well-below normal in most
states after the years of dry conditions. By June, Sydney water storages were at 38.4 per cent of capacity, Melbourne at 52 per cent,
Adelaide at 46 per cent, Brisbane at
39.4 per cent, and the nation’s capital, Canberra, at 46 per cent. In country areas, some severe storage problems became apparent. Goulburn, a
town of 23 000 inhabitants in New
South Wales, had only around 10 per
cent of its usable water remaining
and households were asked to use
less than 150 litres per day. In Victo-

Walker Circulation
The Walker Circulation refers to
the cycle of air rising over
Indonesia and descending over
the eastern Pacific Ocean, generating easterly (Trade) winds near
the surface and westerly winds in
the upper troposphere.

ria, Rocklands dam—the main water
storage for north-western irrigators,
fell to only 6 per cent of capacity,
whilst the Wyangala Dam on the
Lachlan River in central New South
Wales was at 8 per cent, with most
irrigators having received no allocation for two years (see Figure 1).
On the positive side, early June
2005 brought good rains to many of
the drought-affected areas. Areas
inland from Australia’s Great Dividing
Range in Victoria, New South Wales
and south-east Queensland, as well
as eastern South Australia, received

Rainfall decile
ranking
Highest on record
Very much above
average
Above average
Average
Below average
Very much below
average
Lowest on record

Figure 4 — Rainfall deciles for the period March 2002 (the start of the 2002/2003 El-Niñorelated drought) to May 2005.

between 100 and 200 per cent of
their monthly average June rainfall
only two-thirds of the way through
the month. Whilst this is far from
what is needed for the refilling of
dams and alleviating the hydrological
drought, it allowed farmers to plant
late crops, and for pasture growth to
commence. Ironically, the preceding
warm conditions may have aided in
keeping soil temperatures higher
(and thus more conducive to plant
growth) than they normally would
have been at the start of Australia’s
winter. Furthermore, whilst the starting months of 2005 were severely
dry in eastern Australia, in Western
Australia’s wheat belt, the blocking
high pressures in the east actually
encouraged rainfall over areas that
had experienced well below-average
rains during autumn and early winter
since 1975.
Possible causes of the 2005 drought
Warmer oceans
The reasons for Australia’s extended
period of dry and hot conditions are
still being examined. However, it is
clear that, during the past four years,
the central equatorial Pacific Ocean,
which has a strong relationship with
rainfall over eastern Australia
(Ropelewski and Halpert, 1987), has
remained extremely warm. Weekly
values for the Niño 3, 3.4 and 4
indices* averaged +0.44, +0.82 and
+0.66, respectively, over the March
2002-June 2005 period. The magnitude of the long-term average of the
Niño 3.4 index exceeds the US El
Niño definitions (real-time: three
* Nino indices refer to sea-surface temperature anomalies in the following areas of
the central to eastern equatorial Pacific:
Niño 3—5°N-5°S, 150°-90°W: Niño 3.4—
5°N-5°S, 120°-170°W; Niño 4—5°N-5°S,
160°E-150ºW.
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role of Antarctic ozone depletion coupled with increased greenhouse
gases. Ozone loss and the resultant
cooling of the high-latitude lower
stratosphere cause a more vigorous
circulation around the Antarctic, and
the tropospheric polar jetstream to
move poleward (Thompson and
Solomon, 2002). This, in turn, draws
the mid-latitude westerlies (and associated rainfall) southwards. This pattern is particularly noticeable in the
southern winter and early spring. A
measure of the vigour of the circumpolar circulation is the Southern Annular Mode (SAM) index (Gong and
Wang, 1999), with positive values
suggesting increased pressures in
mid-latitudes and decreased pressure
at high latitudes.
Figure 5 — Tamworth (north-central New South Wales) in May (autumn) 2005. Tamworth in
early 2005 was fairly typical of much of Australia’s Murray Darling Basin crop-and-pasture
growing region, which accounts for 41 per cent of Australia’s gross value of farm
production. (Photo: Felicity Gamble, NSW DPI/Bureau of Meteorology)

months of Niño 3.4 above +0.5, historical five months of Niño 3.4 above
+0.5) by a considerable margin.
These high values of the Niño
indices are consistent with observed
long-term warming trends in the
w o r l d ’s o c e a n s . R e c e n t s t u d i e s
(Mendelssohn et al., 2005) have suggested that the Niño 3 region has
warmed around 0.5°C since 1950.
Not surprisingly, given the ocean’s
role in driving the general atmospheric state, the March 2002-June
2005 monthly average Southern
Oscillation Index (SOI) was negative,
with a mean value of -5.9, implying a
general change in the tropical Walker
Circulation (see box on page 159).
Persistent negative anomalies of the
SOI, and hence a weakening of the
Walker Circulation, are associated
with dry conditions in the southwest Pacific region and particularly
over eastern Australia (McBride and
Nicholls, 1983).

160

These long-term changes have some
similarities to the long-term El-Niñolike conditions experienced between
1990 and 1995 (Trenberth and Hoar,
1995). Monthly Niño 3, 3.4 and 4
indices averaged +0.19, +0.43 and
+0.58 respectively between 1990
and 1995: positive but clearly
weaker than the 2002-2005 values,
particularly in the Niño 3 and 3.4
regions. During the 1990-1995
event, only eastern Queensland suffered below-average rainfall, with
some record low five-year totals.
Much of southern Australia actually
received above average rainfall.

The average annual SAM index values
for 2003 and 2004 are +0.46 and
+0.96, respectively, suggesting these
years have experienced a general
southward shift in southern hemisphere extra-tropical cyclones and
thus possible impacts (reduction) in
southern Australian rainfall. It is worth
noting, however, that ozone impacts
upon the SAM are greatest in winter
and spring, whereas greatest longerterm rainfall decline has occurred over
southern Australia in autumn and early
winter. Values of the SAM have also
been shown to be increasing since
the 1960s, prior to substantial ozone
decline, which, coupled with modelling studies (Fyfe, 2003; Marshall et
al., 2004), suggests that increasing
trends in greenhouse gases have also
had a substantial influence upon the
SAM and its trends.

Change in the westerlies
Large-scale changes in the hemispheric circulation may also be contributing to the recent decline in Australia’s rainfall, particularly in the
southern regions. This change in circulation appears to be related to the

Image: Australian Government Deptartment of Foreign Affairs and Trade

Change in land cover
A further suggested cause of southern Australia rainfall decline, though in
this case for the south-west of Western Australia, is land cover change

Some useful Websites
BoM rainfall maps
http://www.bom.gov.au/cgi-bin/climate/rainmaps.cgi
BoM rainfall trends maps
http://www.bom.gov.au/silo/products/cli_chg/
Monthly Niño indices
ftp://ftpprd.ncep.noaa.gov/pub/cpc/wd52dg/data/indices/sstoi.indices
ABARE crop outlook
http://www.abareconomics.com/pages/media/2005/7jun.htm
NDVI imagery
http://earthobservatory.nasa.gov/NaturalHazards/natural_hazards_v2.php3?img_i
d=12906
SAM index
http://web.lasg.ac.cn/staff/ljp/data/SAM(AAO).htm
http://horizon.atmos.colostate.edu/ao/
SOI values
http://www.bom.gov.au/climate/current/soihtm1.shtml

(Pitman et al., 2004). By removing
vegetation and changing the roughness of the surface (thus changing the
flow over the region), local changes in
rainfall totals are induced; reduced
over south-west Western Australia,
and increased inland. This impact may
be somewhat localized, however, as
observations confirm larger hemispheric scale changes in circulation
(e.g. Fyfe, 2003) and hence the
increasing trend in the SAM index),
which would be expected to cause
significant changes in rainfall in this
region.
Whilst all these indicators point to a
general trend towards drier conditions, it must be remembered that
wetter climatic cycles can occur, as is
evidenced by the La Niña year of 2000
being Australia’s second wettest on
record. However, even during 2000,
the southern areas, which are the
ones shown to be greatly impacted by
the SAM (Meneghini et al., 2004) still
missed the good rains; for instance
Victoria’s rainfall was only its 44th
wettest since 1900. Areas which

received the most anomalous rainfall
during 2000 were in Australia's northwest. This not only matches the rainfall trends observed over north-western Australia since at least 1950, but
also matches the general pattern of
the relationship between north-east
Indian Ocean sea-surface temperatures and Australian winter rainfall
(Nicholls, 1989). Since March 2002,
the east Indian Ocean index of Drowsdowsky (1993) has shown an average
anomaly value of +0.37, suggesting a
possibly advantageous impact of the
Indian Ocean upon rainfall over northwestern Australia during the period of
dry conditions for eastern and southwestern Australia.
Summary
Australia’s climate is highly variable
and cyclical. Periods of wet and dry
are to be expected with and without
large-scale external forcings, as is evident in the fact that the 2002-2005
dry conditions in eastern Australia
were arguably the most severe since

the prolonged Australian drought of
the 1940s, when dry conditions, particularly in eastern Australia, dominated for much of the decade. However, with the recent rainfall decline
consistent with long-term trends in
warming oceans and shifting atmospheric patterns, it is difficult to explain
current conditions without considering
global warming, even if only to
describe a change in the mean state
on which natural variability will always
play its part.
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Skipjack tuna forage

Catching fish
with a climate
prediction

How climate information and prediction
services help Small Island Developing
States of the Pacific.

Recent breakthroughs in atmospheric oceanic general circulation
model (AOGCM) predictions of El
Niño/ Southern Oscillation (ENSO)
( s e e M c Av a n e y e t a l . , 2 0 0 1 ) ,
together with improved understanding of biochemical ocean modelling
of primary production, will enable
Small Island Developing States of
the Pacific (SIDS-Pac) to better
manage stocks of one of their key
natural oceanic resources: skipjack
tuna (Katsuwonus pelamis).
By simply building ENSO prediction
and other climate information and
prediction services into their
decision-making process, SIDS-Pac
are now better equipped to
negotiate “tuna quotas” with
commercial fleets wishing to fish
within their exclusive economic
zones (EEZs).

Skipjack tuna feed on fish, such as
herrings, anchovies and sardines,
crustaceans and molluscs.
Schools of skipjack are commonly
found near convergences and
upwellings. In such sites, distinct
bodies of water, often of varying
temperature, collide with one
another. These areas are generally
very productive and food is
abundant.

Since the early 1970s, commercial
fishing companies have been operating in the Pacific region to take advantage of the biggest tuna stocks (skipjack in particular) not found anywhere
else in the world. Skipjack tuna contributes approximately 70 per cent of
the total tuna catch in the EEZs of
SIDS-Pac. This species is predominantly found in the upper mixed layer
throughout the equatorial region, but
the largest catch is taken from the
warm pool in the western equatorial
Pacific (Lehodey et al., 1997).
An analysis was made of skipjack
tuna catch in the western Pacific
using data of the Secretariat of the
Pacific Community (SPC) and catch
rates in metric tonnes per fishing day
on a one-week time resolution of the
US purse-seiners (approximately 25
per cent of the annual purse-seine
skipjack tuna catch in the region).
The analysis found that one of the
most successful fishing grounds was
located in the vicinity of a convergence zone between the warm (>2829°C) low-salinity waters and the relatively colder water of the central
equatorial Pacific (Lehodey et al.,
1997). This zone of convergence,
identified by a well-marked salinity
front and approximated by the 28.5°C
surface isotherm, oscillates zonally

over several thousands of kilometres
in correlation with the ENSO.
This convergence zone attracts the
tuna, probably because of the
presence of forage accumulated by
horizontal currents. This is what a
simple tuna and tuna forage model
predicts, using environmental
predicted fields from a biogeochemical model, coupled with an
AOGCM developed at the SPC
(Lehodey, 2001). Predicted forage
maxima corresponded well with high
catch rates. Accurate predictions of
ENSO allow for the prediction of
skipjack tuna forage and thus
migration and catches (see figure
overleaf).
ENSO-related variability also seems
to affect recruitment (number of juvenile fish entering the adult stock) and
total abundance of tuna (Lehodey et
al., 2003). This is investigated with an
improved version of the tuna model,
that accounts more realistically for
the dynamics of intermediate trophic
levels (i.e. the tuna forage) in the

Countries of the Secretariat
for the Pacific Community
whose NMHSs participated in
the skipjack tuna project
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

American Samoa
Guam
Saipan
Northern Marianas
Hawaii
French Polynesia, New
Caledonia, Wallis and Futuna
Australia
New Zealand
Samoa
Fiji
Tonga
Kiribati
Niue
Cook Islands
Vanuatu
Papua New Guinea
Solomon IslandsS
Tuvalu
Federated States of
Micronesia
Republic of the Marshall
Islands
Republic of Palau
Tokelau
Nauru
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28°C

28°C

Spatial distribution of predicted surface forage in the Pacific Ocean
and observed skipjack tuna catch rates. Above, left: example of
predicted surface forage in the Pacific Ocean with Pacific Islands
EEZs and the focus area (black box) superimposed. Right (above and
below): predicted forage distribution and skipjack tuna catch rates
(proportional to circles) from the purse seine fisheries during El
Niño (October 1997) and La Niña (April 1999), respectively. The
isotherm 28°C of the mean temperature in the 0-100 m layer is
superimposed (source: P. Lehodey).

ocean and the responses by tuna to
changes in both feeding and spawning habitats. Confirmation that this
model can predict the climate-linked
fluctuation in abundance of tuna
stocks would be a critical result for a
better and effective management of
tuna stocks, especially now that the
international Western Central Pacific
Fisheries Commission is entering into
force.
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Hurricane
season 2004

Frances, Gaston, Ivan and Jeanne),
and the eyewall passage of a sixth
(Alex) that avoided landfall on the
North Carolina Outer Banks by 16 km.
In addition, Bonnie, Hermine and
Matthew made landfall as tropical
storms. Florida, the “sunshine state”,
became known as the “plywood
state” after being battered by Charley,
Frances, Ivan and Jeanne.

The 2004 Atlantic hurricane
season was one of the most
devastating on record.
claiming more than 3 100
lives across the Caribbean
and in the USA.

The Caribbean
The islands of the Caribbean were also
hard hit. Charley struck Cuba as a
major hurricane (winds of 179 km/h or
greater—Category 3 or higher on the
Saffir-Simpson Hurricane Scale). Ivan
caused deaths and extensive destruction in Grenada, Jamaica, Grand
Cayman and Cuba, while Jeanne
produced catastrophic flash floods in
Haiti that killed thousands and left
hundreds of thousands homeless.

Hurricane Frances (image: NOAA)

Fifteen named storms developed in
2004, including Nicole, a subtropical
storm. Nine of the named systems
became hurricanes and, of these, six
became major hurricanes. One additional tropical depression did not reach

storm strength. These totals are
considerably above the long-term
(1944-2003) means of 10.2 named
storms, 6.0 hurricanes, and 2.6 major
hurricanes. August alone saw the
formation of eight tropical storms, a
new record for that month.
The season also featured intense and
long-lived hurricanes. Ivan, a Category5 storm, reached a minimum pressure
of 910 hPa, an intensity exceeded by
only five other tropical cyclones in the
Atlantic basin. In addition, Ivan was a
major hurricane for a total of 10 days,
a new record for one storm since reliable records began in 1944. In terms
of “accumulated cyclone energy” (the
sum of the squares of the maximum

This article is based on a report of the
2004 hurricane season in the Atlantic
basin and the eastern North Pacific to
the RA IV Hurricane Committee (San
José, Costa Rica, April 2005)
by Lixion Avila, RSMC Miami.

Atlantic hurricane season
USA
The 2004 Atlantic hurricane season
was among the most devastating on
record. The year’s storms claimed
more than 3 100 lives, the second
largest toll in three decades; 60 of
these occurred in the USA. The USA
suffered a record US$ 45 billion in
property damage, having endured the
landfall of five hurricanes (Charley,

Flooding in Haiti in the wake of Hurricane Jeanne
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wind speed at six-hour intervals), overall activity this year was over two-and
a-half times the long-term mean.
The above-normal levels of activity in
2004 continued a trend that began in
1995 for greater numbers of storms.
This appears to be due, in part, to
sea-surface temperatures (SSTs) over
the North Atlantic Ocean that have
been considerably warmer during the
past 10 years than during the preceding decade. In fact, 2004 was the
second warmest year since 1948, as
measured by SSTs between 10°N and
20°N in the tropical Atlantic Ocean and
Caribbean Sea during the peak months
of the hurricane season.
Large-scale steering patterns in 2004,
however, differed significantly from
those occurring over much of the past
decade, which had been characterized
by a mid-level trough near the eastern
coast of the USA that took many
storms out to sea before they could
make landfall. In contrast, persistent
high pressure over the eastern USA
and the western Atlantic during 2004
kept the season’s storms on more
westerly tracks. This steering current

was coupled with lower-than-normal
vertical wind shear over the Caribbean
Sea and western Atlantic; this combination allowed hurricanes approaching
the North American continent to keep
much of their intensity. It remains to
be seen whether these new largescale patterns represent a one-year
anomaly or something more ominous.

The above-normal levels of
activity in 2004 continued a
trend that began in 1995 for
greater numbers of storms.

Eastern Pacific hurricane season
Tropical cyclone activity was below
average in the eastern North Pacific in
2004. There were 12 named tropical
cyclones; six of these became hurricanes. Three of these reached
Category 3 or higher on the
Saffir-Simpson Hurricane Scale, far
from land. The long-term averages for
this basin are 16 named tropical
cyclones and nine hurricanes. In addition, there were three tropical
depressions which remained at sea
and one that affected Mexico. The
genesis of most of the tropical
cyclones was associated with westward-moving tropical waves.
The season was benign, with no
reports of deaths or damage attributed

to tropical cyclones. None of the
cyclones made landfall as tropical
storms or hurricanes. However, Javier
reached Baja California as a tropical
depression, and Tropical Storm Lester
brushed the south-west coast of
Mexico. Tropical Depression 16-E, the
last cyclone of the season, was a
short-lived cyclone that developed
about 507 km south-southeast of Cabo
San Lucas, Mexico, early on
25 October.
The depression moved northward and
crossed the extreme south-eastern
portion of the Sea of Cortez, before
moving inland along the north-western
coast of Mexico midway between
Guasave and Topolobampo on
26 October. Heavy rains fell along the
coastal and mountain regions of westcentral and north-western Mexico,
causing some localized flooding. The
mid-level moisture associated with the
depression eventually spread northeastward over northern Mexico and
into portions of the US southern
plains.
Hurricanes, tropical storms,
tropical disturbances and related
flooding
Bahamas

Hurricane Ivan in September 2004 destroyed 90 per cent of Grenada’s buildings.
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The Bahamas archipelago was affected
by two cyclones, one of which also
affected the Turks and Caicos Islands.
Frances, a major hurricane, affected

Grand Cayman remained under the
influence of the system from the afternoon of 11 September until the
morning of 13 September. This lead to
a storm surge of 2.5-3 m, as well as
widespread damage and destruction
to property in the order of US$ 3.5
billion (reported by the UN Economic
Commission for Latin America and the
Caribbean (ECLAC)).

Hurricane Charley (image: NOAA)

the entire Bahamas and the Turks and
Caicos Islands with its centre passing
near the Turks and Caicos Islands and
directly over San Salvador. Within three
weeks of Frances moving away from
the islands of the northern Bahamas,
the centre of Jeanne, another major
hurricane, passed over. Two deaths
occurred in the Bahamas as a result of
Frances, one in New Providence and
the other in Freeport, Grand Bahama.
Civil infrastructure, both public and
private, on many islands was severely
impacted.
Barbados
Tropical cyclones threatened Barbados
from early August to the first week in
September. Charley originated from a
tropical wave which developed into a
depression on 9 August, while located
a few hundred miles east of Barbados,
and briefly threatened the island. On
13 August, TD No. 5 formed from a
vigorous tropical wave and evolved
into the short-lived tropical storm Earl
on 14 August. Ivan, a long-lived and
devastating major hurricane, represented the first significant threat to

Barbados during the first week of
September. It impacted the island on
7 September with strong tropical
storm force winds and inflicted a few
million dollars in structural and other
damage.
Cayman Islands
Ivan became a slow moving system as
it entered the Cayman Islands area and
came within 34 km of the south coast
of Grand Cayman as a strong
Category 4 hurricane (see article in
WMO Bulletin 54 (2), page 97). As a
result of this slower forward motion,

Ivan was a major hurricane
for a total of 10 days, a new
record for one storm since
reliable records began in
1944.

Excellent cooperation between the
media, the Meteorological Service and
the National Hurricane Committee of
the Caymans, however, led to the
frequent and widespread dissemination of bulletins and warnings to the
public from one credible source. A
consequence of this was that many
people were evacuated from the
island before the arrival of the hurricane and many others sought safe
shelter early. Subsequently, there
were only two confirmed fatalities
directly attributed to the hurricane.
Cuba
Two deadly major hurricanes hit Cuba.
Charley had 190 km/h maximum
sustained winds and gusts up to
215 km/h when it made landfall in
western Cuba on 13 August. There
was great destruction to communication and electricity infrastructure,
housing and agriculture, estimated at
US$ 923 million, with four fatalities.
Just one month after, powerful
Category 5 Hurricane Ivan hit the
westernmost part of Cuba. Extensive
preparations for the storm were undertaken well in advance.
More than 2 million people were evacuated, 60 per cent of them to relatives’
homes. Material losses were estimated at US$ 1.2 billion, but there
were no fatalities. Television and radio
were used very efficiently to prepare
people and to give them forecasts and
advisories directly from the Cuban
National Forecasting Centre. The
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presence of Cuban President Fidel
Castro in the Forecasting Centre
during Charley, as well as in several
special TV programmes during Ivan’s
approach had a significant impact.
Dominican Republic
Although Hurricane Jeanne only
reached Category 1 status during its
passage over the Dominican Republic,
it caused torrential rainfall, intense
winds, major floods and river flooding,
damage to agriculture and mudslides.
Bridges collapsed, roads and power
were cut off and telephone services
interrupted. Hundreds were made
homeless and 23 people died.
According to ECLAC, Jeanne caused
losses equivalent to US$ 270 million—
1.7 per cent of the country’s gross
domestic product.
Grenada
Grenada was affected by three tropical
cyclones of increasing magnitude. On
9 August, Tropical Depression (TD)
No. 3, which went on to become
Hurricane Charley, formed close to the
island. Less than one week after, on
15 August, came Tropical Storm (TS)
Earl. and then, on 7 September,
Hurricane Ivan. Public response to
advisories on TD No. 3 and TS Earl
were poor. Although the response was
marginally better for the approach of
Hurricane Ivan, much work has to be
done in this area. Ivan resulted in
widespread damage and destruction in
Grenada. Some 90 per cent of housing
was damaged or totally destroyed. The
agricultural sector suffered badly,
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Unfortunately, the loss of life
amounted to 39 persons, attributed
directly to Ivan’s passage and may
very well reflect the low level of public
response to the advisories and warnings. Deaths in the post-Ivan period
were more notable among the senior
citizens as the population tried to cope
with the devastation. Ivan’s centre
passed about 8 km off Grenada’s
southern tip. Sustained winds of
193 km/h were experienced, with a
maximum gust of 214 km/h and rainfall
amounts of 133.7 mm, recorded at
Point Salines International Airport.

August and then Hurricane Ivan from
10 to 12 September. Charley passed
approximately 150 km south of
Kingston before skirting the southwestern coastline, where it caused
significant rain and wind damage, leaving in its wake one death and US$ 4.1
million in damage. Ivan, with Category4 winds, followed a month later in
September with greater fury as its
centre came within 30 km of the
island´s south coast. Communities
across Jamaica felt the full brunt of
hurricane-force winds, torrential rainfall,
numerous
landslides
and
devastating storm surges and floods,
leaving a trail of destruction. In the
wake of Hurricane Ivan, 17 lives were
lost and damage was estimated at
US$ 575 million.

Haiti

Trinidad and Tobago

In Haiti, a rainfall event produced
300 mm of rain with peaks of 600 mm
in some areas. The resulting floods
caused 1 261 deaths and left 1 414
persons missing. Tropical Depression
Jeanne on 18 September produced
about 300 mm of rain in 36 hours. This
resulted in a severe flood in the city of
Gonaives and caused the death of
1 870 persons with 1 184 reported
missing. The Meteorological Service
was unable to respond and
adequately warn the inhabitants on
both occasions.

Two tropical cyclones passed near
Trinidad and Tobago. The first was
Tropical Storm Earl, which passed to
the north of Tobago, creating wind
gusts of 61 km/h but no significant
damage. Hurricane Ivan produced
tropical-storm-strength winds on the
windward side of Tobago and gusts of
74 km/h on the leeward side. One
fatality occurred in Tobago due to Ivan
and there were losses in agriculture
and forestry. Civil infrastructure was
impacted, through the strong winds
and rainfall, which caused mudslides
and landslides. Tobago suffered
damage amounting to US$ 4.9 million
due to the passage of Ivan. Twentytwo persons were rendered homeless
and one thousand persons were
directly affected.

while education, tourism, health,
manufacturing and utility suffered at
various levels, totalling about US$ 1.1
billion.

Jamaica
Jamaica was impacted twice during
the 2004 hurricane season; first by
Hurricane Charley on 11 and 12

Fifty years
ago ...

had brought preliminary results of
great interest to the weather forecaster, but the work was handicapped
by inadequate upper-air soundings in
some regions—this was the kind of
deficiency which WMO might help to
overcome by promoting cooperation
among the National Meteorological
Services. The International Geophysical Year (1957/1958) … would provide
an unprecedented opportunity ... to
obtain data to fill some of the most
serious gaps in knowledge of the
behaviour of the atmosphere as a
whole.

Water-resource development
WMO had been urged to assume
responsibility within the UN family for
promoting the collection of hydrological data and for standardizing procedures in certain aspects of hydrological observations ... the SecretaryGeneral submitted a document containing proposals on the policy, principles and future programme of WMO
in regard to water-resource development.

Excerpts drawn from the
WMO Bulletin 4 (3), July 1955

Report of Second Congress
Introduction
Second Congress was held in the
Palais des nations from 14 April to
13 May 1955 under the presidency of
Dr F.W. Reichelderfer. It was attended
by delegates from 80 (out of 90) Members and five non-Member countries.
Opening remarks
The research towards prediction of
the weather by numerical process

,,, the valuable assistance which can
be given by Meteorological Services
in forecasting floods caused by heavy
rains and by melting snow was particularly stressed.
Congress decided that WMO should
accept the responsibility of being recognized as the specialized agency of
the United Nations dealing with those
aspects of the UN water-resource
development programme which fall
within the common ground between
meteorology and hydrology.
The Executive Committee was
directed to prepare a WMO programme calculated to meet the
needs of the United Nations and specialized agencies to assist Members
within this field. At the same time it

was recommended that Members
which do not have a centralized
Hydrometeorological Service should
take steps to ensure close collaboration between their departments
charged with meteorological and
hydrological functions.
Telecommunications

A growing need has been felt for a
central body to be responsible for
looking after the interests of meteorology in the field of telecommunications. The proposal by the Executive
Committee that the task should be
given to the Technical Division of the
Secretariat was accepted by Congress. The work will consist of studying the present worldwide network of
meteorological transmissions with a
view to determining the deficiencies
and taking steps for their removal ...

The July 1955 Bulletin
The main item was a report of
Second World Meteorological
Congress.
The highlights selected in these
pages are taken from that report
and from an article on the establishment of a hurricane early
warning system in the
Dominican Republic. In 1954,
hurricane Hazel had caused
floods in the western part of the
country, resulting in a number of
fatalities, considerable loss of
livestock and extensive property
and crop damage.
Other articles in the July 1955
issue focused on the
Meteorological Service of Viet
Nam and the Technical
Assistance Programme in meteorology in Yugoslavia.
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close contact will be maintained with
the International Telecommunications
Union ...

Service, was appointed SecretaryGeneral.

danger of venturing outdoors and
avoiding locations exposed to high
tides, storm waves or river floods.

Other highlights
Units

Technical Assistance Programme
Congress decided to [adopt] the Celsius degree and the metric system
for the evaluation of meteorological
elements included in reports for international exchange.

The programme made provision for
the setting up of Meteorological Services in Afghanistan and Nicaragua in
which no meteorological facilities are
at present available.

The Secretariat

[The] establishment of 68 staff members was approved … there will be
an additional officer to look after
telecommunication problems … a
maximum of five translators will be
employed and provision has been
made for a number of extra secretaries and typists ... a number of
posts were upgraded.
The maximum number of posts in the
professional category was increased
from nine to 19...
Budget

Congress decided that the maximum
expenditure for the second financial
period should be US$ 1 700 000.
Officers of the Organization

Radiosonde on board ship
A transport vessel, General Gaffey,
has been equipped with apparatus for
making upper-air soundings, and is
making observations, for an experiment period of a year, on voyages
between San Francisco and Yokoska,
Japan. … It is hoped to achieve regularly a ceiling of 300 hPa with 100 g
balloons.

Plan for a hurricane early warning
system in the Dominican Republic
Recommendations included:
• Installation of equipment necessary
to receive radioteleprinter synoptic
meteorological broadcasts from
Miami, Florida, USA.

The following officers were elected:
President: A. Viaut (France)
Fist Vice-President: M.A.F. Barnett
(New Zealand)
Second Vice-President: H. Amorim
Ferreira (Portugal)
Elected members: L. de Azcárraga
(Spain), A. Nyberg (Sweden),
F.W. Reichelderfer (USA), A. Solotoukhine (USSR), Sir Graham Sutton
(United Kingdom), M.F. Taha (Egypt).
Mr D.A. Davies, Director of the
British East African Meteorological
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• Establishment of a nationwide system for the dissemination of hurricane information: printed notices,
messenger service, telephone ...
bulletins posted in public places,
signal flags and signs, sirens, loudspeaker trucks and church and plantation bells.
• Precautionary measures ... including the safeguarding of the principal
offices; auxiliary power supply; twoway radio and radiotelephone; and
adequate stocks of food, water and
medical supplies ... warnings of the

• Establishment of a shelter and
relief system to be operated by the
government during hurricane emergencies ... the evacuation of people
from lowlands where inundations
by flood or tidal overflow could be
expected.
... modified forms of the warning system may be used during other periods of emergency such as earthquakes and fires.
Plans were projected for the installation of radioteleprinter and radiotelephone circuits from the Caribbean
Meteorological Organization (CMO) to
other departments of the warning
system and for an auxiliary power
plant to effect the proper functioning
of the CMO communications under
emergency conditions.

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

the high-level segment and was a
keynote speaker at the interactive ministerial discussion entitled “Impact of
natural disasters on water, sanitation
and human settlements—prevention
and response”. He participated in
another interactive discussion
between Ministers and Heads of UN
specialized agencies and Bretten
Woods institutions.

manent Representative of Jamaica
and the Chairman of the Group 77 and
China; HE Ambassador Munir Akram,
Permanent Representative of Pakistan
and Chairman of ECOSOC; and with a
number of ministers and heads of UN
agencies and delegates present at the
session. He also gave two interviews
to UN radio.

The Secretary-General delivered a
keynote address at the side-event
organized by the International Ocean
Institute on the theme “White
water/blue water sustainability of
coastal communities”. He met with
HE Ambassador Stafford O. Neil, Per-

UN Food and Agriculture
Organization (FAO)-Rome
On 23 May 2005, the SecretaryGeneral visited Rome, Italy, on the
occasion of the Special Event on the
Impacts of Climate Change, Pests and

The President of Maldives visits WMO Headquarters
Senegal
At the invitation of the President of
Senegal, HE Mr Abdoulaye Wade, the
Secretary-General visited Dakar from
13 to 16 April 2005. He met with the
President as well as several high-level
government officials and made a statement at the inauguration of the
Doppler radar in Linguere.
Mr Jarraud also took the opportunity
to visit the Meteorological Service and
discuss its development with Mr Mactar Ndiaye, Permanent Representative
of Senegal with WMO. The visit has
reinforced the visibility of the National
Meteorological Service and strengthened the already very good relations
between Senegal and WMO.
UN-New York
At the invitation of HE Dr John W.
Ashe, Chairman of the Commission on
Sustainable Development, the Secretary-General participated from 20 to 21
April2005 in the 13th session of the
Commission. He made an address at

HE Mr Maumooon Abdul Gayoon, President of the Republic of Maldives,
visited WMO Headquarters on 17 May 2005 and met with the SecretaryGeneral, Mr M. Jarraud.
Among the subjects of common concern that were discussed were the
tsunami of 26 December 2004 and its impact on the Maldives, the establishment of a muti-hazard early warning system for the Indian Ocean and
the planned mission of UNESCO/IOC and WMO (19-21 May) to discuss
arrangements for such a system, the threat posed to the Maldives by
potential climate change and sea-level rise, as well as capacity building of
the National Meteorological Service and other relevant national institutions.
The Secretary-General and the President looked forward to the strengthening of the excellent relationship between Maldives and WMO.
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Diseases on Food Security and
Poverty Reduction. This was held in
connection with the 31st session of
the FAO Committee on World Food
Security.
Mr Jarraud met with Dr Jacques
Diouf, Director-General of FAO. He
presented a statement on WMO’s
role, its collaboration with FAO and
how the two organizations, working
together, can contribute significantly to
the achievement of the UN Millennium
Development Goals.
The Secretary-General also met with
Dr Massimo Capaldo, who shortly
thereafter became Permanent Representative of Italy with WMO, and had
discussions on cooperation between
Italy and WMO.
Third International Symposium
“Flood Defence to Flood Management”, Nijmegen, Netherlands
The Secretary-General gave a keynote
address to the Symposium on 25 May
2005. He called for an integrated
approach to flood management which
makes use of water resources, especially in developing countries, following judicious risk-management principles, focusing on preventive strategies
and building resilience in the society
against adverse impacts of flooding.
The Secretary-General met with the
State Secretary, HE Ms Melanie
Schultz Van Haegen-Maas Geesteranus, and exchanged views with Dr
Frits J.J. Brouwer, Permanent Representative of the Netherlands with
WMO, and several other scientists.
Bosnia and Herzegovina
The Secretary-General visited Sarajevo, Bosnia and Herzegovina, on
2 June 2005. He delivered a state-
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ment to the fifth
session of the Informal Conference of
(South)-East European National Meteorological Services
Directors (2-4 June),
which was organized by the Federal
Meteorological
Institute of Bosnia
and Herzegovina.
The Secretary-GenSarajevo, Bosnia and Herzegovina, 2 June 2005 — The
eral emphasized
Secretary-General (third from left) with HE Mr Ahmet
the
need
to
Hadzipasic, Prime Minister (second from right), and Mr Enes
strengthen National
Sarac, Director of the Federal Meteorological Institute and
Meteorological and
Permanent Representative of Bosnia and Herzegovina with
Hydrological SerWMO (first, right). (See item overleaf.)
vices (NMHSs) and
to contribute to the
programme of meteorological and tives of WMO Members attending
related activities of the subregion. A the Conference.
number of opportunities were within
reach, and the way forward for the
N M H S s w a s f o r t h e m t o w o r k Spain
together, particularly within the
The Secretary-General visited TenerEuropean context.
ife, Spain, on 5 June, for the celebraThe Secretary-General had a fruitful tion of World Environmental Day
exchange of views with several 2005 at Izaña Atmospheric Observahigh-ranking representatives of the tory. Mr Jarraud met with the Minishost country. He met with HE Mr ter of Environment of Spain, Ms
Ahmet Hadzipasic, Prime Minister; Cristina Narbona, and the Councillor
HE
M r.
Safet
Halilovic, Minister
for Civil Affairs;
and Ms Semiha
Borovac, Mayor of
Sarajevo. He also
had extensive discussions with Mr
Enes Sarac, Director of the Federal
Meteorological
Institute and Permanent Representative of BosniaIzaña, Tenerife, Spain, 5 June 2005 — (From left to right): the
Herzegovina with
Secretary-General of WMO; the Minister of Environment of
WMO, as well as
Spain; the Councillor of Environment and Territory of the
with other permaRegional Government of the Canary Islands; and the Permanent
Representative of Spain with WMO
nent representa-

of Environment and Territory of the
Regional Government of the Canary
Islands, Mr Domingo Berriel
Martínez. They subsequently gave a
press conference for the Spanish and
international media.
The Secretary-General also met with
the Permanent Representative of
Spain with WMO, Mr Francisco
Cadarso González, and the Acting
President of WMO Regional Association VI (Europe), Mr Daniel Keuerleber-Burk. They discussed technical
cooperation and the strengthening of
the NMHSs and their relationship
with WMO.

component of the disaster-risk reduction process in each country.
Mr Jarraud took the opportunity to
have discussions with Dr David
Rogers, Permanent Representative of
the United Kingdom with WMO, on
strengthening further the cooperation
between the United Kingdom and
WMO. He also exchanged views with
other permanent representatives of
Members with WMO attending the
workshop.

United Kingdom
The Secretary-General of WMO
attended the opening session of the
Commonwealth Meteorologists’
Workshop on 14 June in Exeter,
United Kingdom, on the topic of disaster-risk reduction. Mr Jarraud gave
a presentation on natural hazards of
hydrometeorological origin and their
impacts and WMO’s activities in disaster-risk reduction. He stressed that
the National Meteorological and
Hydrological Services were a vital

Exeter, United Kingdom, 14 June 2005 — Participants in the Commonwealth Meteorologists’
Workshop
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Review
Interaction of Sea
Waves with Wind
By Peter Janssen.
Cambridge
University Press
(2004). viii + 300
pages. ISBN 0-52146540-0 (h/b). Price:
£70/US$ 120.
Surface gravity waves are wellknown, complicated phenomena,
which have always been the subject
of great interest. They are easily
observed but difficult to describe
mathematically. Many works have
been devoted to wind-wave investigation and this monograph by Peter
Janssen is an important contribution.
About 20 years ago, the author was a
member of the International Wave
Modelling Group (WAMDI). At present, the resulting WAM model is
being improved, tested and widely
used both at the global scale and in
local water areas. The operational
WAM model variant assimilates satellite information for updating the wave
forecast. Nowadays, it is one of the
most popular wind-wave models used
in many countries.
Peter Janssen pays attention to the
problem of interaction of atmospheric
boundary layer and sea waves. Winds
generate ocean waves but, at the
same time, airflow is modified due to
the loss of energy and momentum to
the waves; thus, momentum from
the atmosphere to the ocean
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depends on the state of the waves.
Wind-wave numerical simulation is
made on the basis of wave action
balance equation.
Peter Janssen’s book describes
ocean-wave evolution due to advection and physical processes such as
wind input, dissipation and non-linear
energy transfer in the wave spectrum.
An overview of non-linear transfer is
given and, as a by-product, the role of
four-wave interactions in the generation of extreme events, such as freak
waves, is discussed. Coupled oceanatmosphere modelling gives improved
weather and wave forecasts.
The problem of wind-wave energy
dissipation is not fully studied,
however. Nowadays, there are at least
two different approaches to dissipation description: that used in the
WAM model, based on the influence
of spectrum evolution almost in all the
frequency domain and that proposed
by V. Zakharov, according to which
dissipation is located in the highfrequency range.
By fitting the dissipation parameters,
it is possible to achieve satisfactory
agreement
between
numerical
results and field data for wave evolution. But the effect of the
ocean-atmospheric boundary layer
interaction is principally different in
these two cases as, in the second
case, essential energy fluxes from
ocean to atmosphere can exist. It
may contribute to the problem of
weather forecasting and climate
prediction.

Coupled ocean-atmosphere
modelling gives improved
weather and wave forecasts.

The author describes the algorithm of
the energy balance equation numerical
output used in the WAM model.
Nevertheless, not enough attention is
paid to this problem. It is known that
error due to insufficient accuracy of
the numerical output can lead to a
similar error produced by not well
studied wind-wave physics and incorrectness of wind speed used in
numerical simulations.
The book is useful for students, engineers and scientists who are interested
in the problem of ocean weather forecast and climate formation.
Igor V. Lavrenov
lavren@aari.nw.ru

tivity, drought early warning systems
and famine mitigation.

New books
received

Monitoring and
Predicting
Agricultural Drought
Vijendra K. Broken,
Arthur P. Cracknell,
and Ronald L.
Heatcote (Eds.)
ISBN 0-19-516234-X
xix + 472 pp
Price: US$ 124.50
Agricultural droughts affect whole
societies, leading to increased food
costs, threatened economies, and
even famine. In order to mitigate such
effects, researchers must first be able
to monitor agricultural droughts and
then predict them; however, no book
currently focuses on accurate monitoring or prediction of these
devastating kinds of droughts. The
editors of Monitoring and Predicting
Agricultural Drought have assembled
a team of expert contributors to make
a global study, describing biometeorological models and monitoring
methods for agricultural droughts.
These models and methods note the
relationships between precipitation,
soil moisture and crop yields, using
data gathered from conventional and
remote-sensing techniques. The
coverage of the book includes probabilistic models and techniques
developed worldwide. It concludes
with coverage of climate change and
resultant shifts in agricultural produc-

Encyclopedia of Weather and
Climate

Michael Allaby. Facts on File, New
York (2002). ISBN 0-8160-4071-0
(two volumes). Price: US$ 150.
This
two-volume
encyclopedia
summarizes present knowledge of
weather and climate in 4 000 crossreferenced entries accompanied by
nearly 300 maps, charts, diagrams,
and photographs, with several appendices and a 34-page index.
By moving from one entry to another,
the encyclopedia can be used to learn
how different processes cause the
weather we experience day by day. It
explains the causes of blizzards, ice
storms, tornadoes, hurricanes and ice
ages, as well as ordinary rain showers,
dew and frost. It also recounts how
meteorological instruments came to
be invented and how they work. There
are also brief accounts of the lives of
some of the scientists who
contributed to the disciplines of climatology and meteorology.

Baroclinic Tides—Theoretical
Modeling and Observational
Evidence
Vasiliy Vlasenko,
Nataliya Stashchuk
and Koluman Hutter.
Cambridge University
Press (2005).
ISBN 0-521-84395-2.
xix + 351 pp.
Price: £70/US$ 120.
This book demonstrates the analytical
and numerical methods used to study
the generation and evolution of baroclinic tides and, by comparison with
experiments and observational data,
shows how to distinguish and interpret
internal
waves.
Strongly
non-linear solitary internal waves,
which are generated by internal tidal
waves at the final stage of their evolution, are investigated in detail. This
book is intended for researchers and
graduate students of physical
oceanography, geophysical fluid
dynamics and hydro-acoustics.
Case Studies on the Spörer
Maunder and Dalton Minima
Collected and edited
by Wilfried Schröder.
Science Edition, Arbk
Geschichte Geophysik,
Rönnebeck/Potsdam
(2005). ISSN 16152824. 190 pp.
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Recent WMO
publications
Natural disasters and extreme
events in agriculture
M.V.K. Sivakumar,
R.P. Motha and H.P. Das
(Eds.). Springer (2005),
ISBN 3-540-22490-4.
xxii + 367 pp.
Price: US$ 169.
Agricultural production is highly
dependent on weather, climate and
water availability and is adversely
affected by the weather and climaterelated disasters. Droughts and natural
disasters such as floods can result in
crop failures, food insecurity, famine,
loss of property and life, mass migration and negative national economic
growth. It may not be possible to
prevent the occurrence of these natural disasters, but the resultant
disastrous effects can be reduced
considerably through proper planning
and effective preparation. Vulnerability
associated with the hazards of natural
disasters can be controlled to some
extent by accurate and timely prediction and by taking counter-measures
to reduce their impacts on agriculture.
Commission for Hydrology, 12th
session (2004)—Abridged final
report with resolutions and
recommendations (WMO-No. 979)
2004; iv + 55 pp.
[A]-[C]-[E]-[F]-[R]-[S]
ISBN: 92-63-10979-6
Price: CHF 20.-

Annual Report of the
World
Meteorological
Organization (2004)
(WMO-No. 980)

Satellite Remote Sensing and GIS
Applications in Agricultural
Meteorology
Proceedings of the Training Workshop
7–11 July, 2003, Dehra
Dun, India.
M.V.K. Sivakumar, P.S.
Roy, K. Harmsen and
S.K. Saha (Eds.)
WMO/TD No. 1182
vi + 427 pp
Price: CHF 30,-

2005; iv + 80 pp.
[ E ] (F, R and S in
preparation)
ISBN: 92-63-10980-X
Price: CHF 25.Regional Association II (Asia), 13th
session (2004)—Abridged final
report with resolutions
(WMO-No. 981)
2005; v + 116 pp.
[A ] - [ C ] - [ E ] - [ F ] - [ R ]
ISBN: 92-63-10981-8
Price: CHF 25.Commission for Basic Systems,
13th session—Abridged final report
with resolutions and
recommendations (WMO-No. 985)
2005; iv + 157 pp.
[ E ]- [ R ] - (A, C, F, S in preparation)
ISBN: 92-63-10985-0
Price: CHF 25.Regional Association IV (North
America, Central America and the
Caribbean), 14th session—
Abridged final report with
resolutions and recommendations
(WMO-No. 987)
2005; v + 94 pp.
(S in preparation)
ISBN: 92-63-10987-7
Price: CHF 25.Papers presented at the WMO
Technical Conference on
Meteorological and Environmental
Instruments and Methods of
Observation (TECO-2005)
Bucharest, Romania,
4–7 May 2005
WMO/TD No.
1265
World Meteorological Organization

Papers presented at the

WMO TECHNICAL CONFERENCE ON
METEOROLOGICAL AND ENVIRONMENTAL
INSTRUMENTS AND METHODS OF OBSERVATION

(TECO-2005)
Bucharest, Romania
4–7 May 2005

INTRUMENTS AND OBSERVING METHODS
REPORT 82
WMO/TD-No. 1265
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This training workshop was designed
for agrometeorologists from Asia with
little or no background in satellite
remote sensing and Geographical
Information System (GIS) applications
in agricultural meteorology.
It addressed image processing, fundamentals of GIS and Geopositioning
Systems, spatial data analysis, GIS
software, theoretical and practical
aspects of retrieval of agrometeorological parameters; applications in
agro-ecological zoning, crop growth
and productivity monitoring and simulation, as well as assessment and
monitoring of droughts, floods, water
and wind induced soil erosion.
Participants were also introduced to
satellite applications in weather forecasting, agro-advisory services, desert
locust monitoring and forest fire and
degradation assessment.
World Climate News
No. 27 (June 2005)
12 pp.
[E] - [F]
Theme: Climate and
tourism
Printed version free
upon request from the
WMO Secretariat.
Electronic version (pdf):
http://www.wmo.ch/web/
catalogue/New%20HTML/frame/
engfil/wcn.html

Patricia Brusso:
Human Resources
Clerk, Recruitment and
Training Unit, Human
Resources Division,
Resource Management
Department
on 1 May 2005

Staff news

Zenaida de la Rosa:
Senior Secretary,
Agricultural Meteorology Division, World
Climate Programme
Department
on 1 July 2005

Appointments
David M. Goodrich:
Director of the Global
Climate Observing
System Secretariat on
14 June 2005

Buruhani S. Nyenzi:
Director, World Climate
Programme Department
on 15 June 2005

Yannick Pellet:
Budget Assistant,
Budget Office,
Resource Management
Department
on 1 July 2005

Promotions
With effect from 1 January 2005, the
following staff members received
promotions as a result of the reclassification of their posts:

Federico G. Galati:
Web Development
Officer in the
Information Technology
Division of the
Resource Management
Department on
1 May 2005

Joëlle Fernandez:
Senior Secretary,
Secretariat of the
Intergovernmental
Panel on Climate
Change on
1 April 2005

Azeddine Abderrafi, Digital
Reproduction Clerk, Printing and Media
Replication Unit, Printing and Electronic
Publications Section, Conferences,
Printing and Distribution Department
Olga S. Bernaschina, Terminology
and Reference Clerk, Linguistic
Services and Publications Department
Roland E. Bronnimann, Lead Printer,
Printing and Media Replication Unit,
Printing and Electronic Publications
Section, Conferences, Printing and
Distribution Department

Margaret L. Burns, Chief, Printing and
Electronic Publications Section,
Conferences, Printing and Distribution
Department
J. Leonie Calegari, On-line Colour
Printing Operator, Printing and Media
Replication Unit, Printing and Electronic
Publications Section, Conferences,
Printing and Distribution Department
Nathalie Gentet, Administrative Clerk,
Linguistic Services and Publications
Department
Andrés E. Orias Bleichner, Editor,
Linguistic Services and Publications
Department (Spanish stream)
Judith C.C. Torres, Senior Editor,
Communication and Public Affairs
Office, Cabinet and External Relations,
Secretary-General’s Office
Alessandro Ugolini, Editor, Linguistic
Services and Publications Department
(English stream)
Carolyn S. Van Veen, Conference
Clerk, Conference Services,
Conferences, Printing and Distribution
Department
Monique Yabi, Editorial Assistant,
Communication and Public Affairs
Office, Cabinet and External Relations,
Secretary-General’s Office
With effect from 1 March 2005, the
following staff members received
promotions as a result of the reclassification of their posts:
Donald E. Hinsman, Director, WMO
Space Programme
Tokiyoshi Toya, Director, Voluntary
Cooperation Programme, Global
Programmes and Strategic Partnerships
office, Regional and Technical
Cooperation Activities for Development
Department
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With effect from 1 April 2005, the
following staff member received a
promotion as the result of the reclassification of her post:
Valerie A. Clément, Administrative
Assistant, Space Programme Office,
Office of the Deputy-Secretary General.

Anniversaries
Linda Hidalgo, Administrative
Assistant, World Climate Programme
Department: 25 years on 1 April 2005.
Marc Peeters, Conference Services
Manager, Conferences, Printing and
Distribution Department: 25 years on
11 May 2005.

Departures
Ramón A. Sonzini resigned from his
post of Regional Director for the
Americas on 30 March 2005.
Teruko Manabe left the Secretariat on
25 April 2005 at the end of her fixedterm appointment as Scientific Officer,
Ocean Affairs Division, Applications
Programme Department.
Eisa Al-Majed resigned from his post
of Regional Director for Asia and the
South-West Pacific on 30 April 2005.
Alan R. Thomas retired from his post
of Director of the Global Climate
Observing System Secretariat on
31 May 2005.
Erna Dar-Ziv retired from her post of
Chief, Conference Services in the
Conferences Printing and Distribution
Department, on 31 May 2005.
Yoshiro Tanaka left the Secretariat on
14 June 2005, after a two-year term as
Junior Professional Officer in the Space
Programme Office.
On 30 June 2005, Gerardo Lizano
Vindas took early retirement from his
post as Special Assistant to the Deputy
Secretary-General.
On 30 June 2005, Vera G. Schwarz,
Senior Secretary to the Social Welfare
Officer, left WMO for health reasons.
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Diane Pedley, Senior Human
Resources Assistant, Human Resources
Division, Resource Management
Department: 25 years on 19 May 2005.
Katsuhiro Abe, Chief, Tropical Cyclone
Programme Division, Applications
Programme Department: 20 years on
1 June 2005.

opment to visit important institutions
in this field in the USA.

Obituaries

Krishna Parthasarathy
Krishna Parthasarathy, former Director
of the Technical Cooperation Department in the WMO Secretariat, died in
Geneva on 31 January 2005.
Mr Parthasarathy was born on 4 July
1913 at Kallikudi (Tanjore district) in
southern India. After obtaining a B.Sc.
(Hons) from the University of Madras,
he started his career as a lecturer at
the Madras Christian College and
joined the India Meteorological
Department (IMD) at Poona (now
Pune) in 1942. The next few years
saw a large expansion of the IMD
owing to World War II and he was
engaged in the training of the higher
categories of new recruits.
Subsequently, he was engaged in
forecasting duties at the Poona
Weather Central and in aviation forecasting as the officer-in-charge of the
Meteorological Office at Jodhpur Airport. He was chief of the hydrometeorological section at the IMD headquarters at New Delhi for seven years.
During this period he was selected by
the Central Water and Power Commission to join a small group of officers from other departments concerned with different aspects of
hydrology and water- resources devel-

Mr Parthasarathy joined the WMO
Secretariat in 1960 as senior technical
officer in the then technical assistance
unit to take charge of the first group
of projects financed by the new UN
Special Fund for execution by WMO.
These were large-scale, long-term
projects in a number of countries in
South America for the expansion of
networks of hydrological and hydrometeorological stations and corresponding strengthening of the Meteorological and Hydrological Services. He
became Director of the Technical
Cooperation Department, in 1971 and
retired in 1975.
Mr Parthasarathy was a keen bridge
player. Driving was another hobby and
he would often go for a drive of a couple of hundred kilometres each way.
He is survived by his wife, a son and
two daugthers.
Sunil Gupta
André Bellocq
André Bellocq died on 11 April 2005 at
St-Brieuc, aged 72.
He retired in August 1998 after a fulfilling career which started in 1959,
when he passed the entrance competition for the post of Works Engineer
at the Météorologie Nationale.
His studies at Fort de Saint-Cyr
included a paper on the weathership
France II at station K. He then
returned to the Ecole Nationale de la
Météorologie (ENM), but this time as
an instructor, for 10 years, until 1973.
There followed two years in Switzerland at the Ecole Polytechnique de
Lausanne, where he organized a postgraduate practical training course and
a course in meteorology. He then

returned to Paris as Assistant Chief of
the Bureau de l'eau where he
remained for four years.
In 1979, he was seconded to Dakar as
expert on meteorology and agrometeorology under the AGRHYMET Programme. In 1984, he offered his services to WMO as a hydrologist and
agrometeorologist. After a few
months, he passed the professional
examination as Meteorological Engineer. After being assigned to LyonBron in 1985 as a research engineer,
he became Chief of the Development
Division in 1987 and technical programme officer for the Albertville
Olympics (February 1992).
In early 1993, he joined the Centre
météorologique interrégional in
Rennes as Chief of the Research and
Development Office, then, in June
1995, he became Director of the
Centre de Météorologie Spatiale in
Lannion.
I had the privilege of working with
André Bellocq on the WMO project to
strengthen agrometeorological and
hydrological services in Senegal. I can
still see the great meteorologist that
he was, an expert aware of his
responsibilities and keen to work for
the common good. He was progressive, initiating a computer course for
meteorologists and hydrologists and
modernizing data processing. In his
working relationships, he never hesitated, when necessary, to express his
opinions frankly and directly, which
facilitated relations and helped action
to be taken even in the most difficult
conditions. André was proud of his
language and expressed himself in
excellent French, often repeating that
this was because of his origins in the
Loire Valley, in Saumur, now his final
resting place.
As Chief Meteorological Engineer,
Chevalier de l'Ordre national du
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Mérite, André Bellocq leaves all those
who knew him the memory of an
exemplary figure of great culture,
extreme competence and deep
humanity.

Yomar was involved in several WMO
activities and participated in several
sessions and working groups of technical commissions, including those on
instruments and methods of observation, basic systems and hydrology.

Jerzy Szkutnicki
Yomar Morada Souza
Yomar Morada Souza was born in the
city of São Luis in the northern state
of Maranhão, Brazil, on 14 February
1926. A self-taught man, Yomar first
graduated as an accountant in 1945.
The same year, he started to make
meteorological observations at São
Luis (WMO station No. 82280). As he
worked, he also studied, and qualified
as a dentist—a profession he never
pursued. His passion was meteorology. With several training courses and
considerable experience in meteorology and related fields, he passed the
exams to become a Brazilian Government employee as a professional
meteorologist.
In 1958, he joined the Brazilian
National Department of Meteorology
(today INMET) in Rio de Janeiro,
working with Mr José Serra, one of
the most distinguished Brazilian climatologists. He held several technical
and management positions at INMET
and yet found time also to teach
meteorology at the National Technical
School in Rio. Deeply involved in climatological work and an early adept
of new computer technology, he led
the development of the first INMET
national climatological database.
He was also a key player in the
establishment of the Brazilian Solar
Radiation Centre in Brasilia and in
the definition and implementation of
the Brazilian Regional Basic Synoptic
Network.
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Officially retired in 1976, he continued
working for INMET as assistant to the
Director-General until 1988. Since
then he dedicated his time to his
other passion: photography. All his
colleagues will remember the picturesques photos of Rio beaches he
used to send with handwriten personal messages on the back.
Yomar was innovative and enthusiastic, always smiling and ready to help
junior colleagues. He loved the city of
Rio de Janeiro, where he died on
30 May 2005. Yomar is survived by his
widow, Dayse Lúcia Pitta.
Francisco de Paula Manhães and
José Arimatéa de Sousa Brito

Calendar
Date

Title

Place

5-6 September

Technical Conference on International Cooperation in Weather,
Climate and Water Issues in European Challenges and Opportunities

Heidelberg,
Germany

5-8 September

Workshop on the Socio-economic Impact Assessment of Typhoonrelated Disasters and Risk Management towards Millenium
Development Goals (co-sponsored by WMO)

Kuala Lumpur,
Malaysia

5-10 September

International Symposium on Nowcasting, Very Short-Range
Forecasing and RAF Verification

Toulouse, France

6-11 September

International Conference on Water, Land and Food Security in Arid
and Semi-Arid Regions (organized by IWRA, CIHEAM/MAIB and AWC)

Valenzano (Bari), Italy

7-15 September

Regional Association VI (Europe)—14th session

Heidelberg, Germany

12-17 September RA I Workshop on NWS for counries ready to implement operational
NWP

Casablanca, Morocco

19-23 September International Workshop on Flash Flood Forecasting
(co-sponsored by WMO)

San José, Costa Rica

19-23 September CBS Expert Team on Modelling of Atmospheric Transport for
non-nuclear Emergency Response Activities

Melbourne, Australia

19-28 September Joint WMO/IOC Technical Commission for Oceanography and
Marine Meteorology—second session

Halifax (Nova
Scotia), Canada

25-30 September Seventh International Carbon Dioxide Conference (ICDC 7)

Boulder, CO, USA

26-28 September XXIV Session of the IPCC

Montreal, Canada

26-29 September SPARC Scientific Steering Group—13th session

Oxford, United Kingdom

26-30 September Joint Workshop on Metadata and meeting of the CBS Inter-Programme Beijing, China
Expert Team on Metadata Implementation
28-30 September CBS/GCOS Expert Meeting on Coordination of the GSN and GUAN

Asheville, NC, USA

10-14 October

Workshop on Global Producing Centres of Long-range Forecasts

Cheju Island,
Republic of Korea

10-14 October

ECMWF Training Course on the use and interpretation of ECMWF
products for WMO Members (co-sponsored by WMO)

Reading, UK

10-14 October

Methods of satellite data processing, intrepretation and use for
operational forecasting and research activities in hydrometeorology
and environmental monitoring

Moscow, Russian
Federation

10-15 October

Fifth Inter-American Dialogue on Water Management

Montego Bay, Jamaica

17-21 October

Training Workshop on Meteorology for the Regional Instrument Centres Paris-Trappes, France

24-28 October

CliC Scientific Steering Group—second session

Boulder, CO, USA

3-11 November

Commission for Climatology—14th session

Beijing, China

14-16 November

Joint Commitee of International Polar Year 2007-2008—second session Geneva

14-16 November

Extraordinary session of the EC Panel of Experts on Education
and Training

Geneva
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To prepare for the worst,
you need the best.

To mobilize emergency response, and help protect lives and property during
severe weather, early warning is key. Modern meteorological workstations are
needed to employ both existing and new sensors, and provide the latest weather
detection, tracking and prediction tools – all for timely, vital information. Lockheed
Martin’s Integrated Weather System can deliver all of this and more. A leading
systems integrator and provider of meteorological sensors and systems,
Lockheed Martin offers turnkey, fully integrated weather and hydrological systems tailored to your operational needs.
Something we’ve been doing successfully for more than 30 years.
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get in touch with MTSAT.
Remote Sensing Technology
The VCS MTSAT user station is ready for reception of
LRIT and HRIT data being transmitted by the new
MTSAT 1R satellite
Based on the well-known 2met!¤ concept, VCS is your
reliable partner for the complete range of next generation
remote sensing systems and technologies. Beside
sophisticated application features, 2met!¤ is now ready to
receive LRIT and HRIT data being transmitted by the new
geo-stationary MTSAT satellite.
Ask us about 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

CD-ROM
The CD-Rom contains (in pdf format in both
high and low resolution):
•

WMO Bulletin 54 (3) – July 2005

•

MeteoWorld – June 2005 and August 2005

•

World Climate News No. 27 – June 2005

•

Weather, climate, water and
sustainable development (WMO-No. 974)
(brochure for World Meteorological Day 2005)

•

Saving paradise, ensuring sustainable
development (WMO-No. 973)
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