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In this issue
Climate change is no longer a debate;
it is now a widely accepted fact. The
unprecedented global attention in
2007 to the United Nations Climate
Change Conference (Bali, December)
and to the Fourth Assessment Report
of the WMO/UNEP Intergovernmental
Panel on Climate Change (IPCC) is
testimony to the high priority given
to climate across all regions and
socio-economic sectors. Mounting
evidence indicates that the impacts
o f c lima te c han g e ar e alr e a d y
happening and will worsen in the
future, making adaptation a vital
societal need.
The United Nations Framework
Convention on Climate Change has
adopted a number of activities to
deal with adaptation, including the
five-year Nairobi work programme
o n i m p a c t s , v u l n e r a b ili t y a n d
adaptation to climate change. The
aim is to help all countries improve
their understanding of the impacts of
climate change and to make informed
decisions on practical adaptation
actions and measures. The Bali
action plan identified the need for
enhanced action on adaptation by
Parties to the Convention. WMO,
in keeping with its role as the UN
system’s authoritative voice on
weather, climate and water, has
been playing a key role in these
initiatives. “Adapting to climate
variability and change” has been
chosen to be the theme for this issue
of the Bulletin.
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The IPCC Working Group on Impacts,
A d a p t a t i o n a n d Vu l n e r a b i l i t y
addressed three main issues in
the Four th Assessment Repor t:
impacts of climate change which
are observable now; future effects
on different sectors and regions;
and responses to such effects. The
Working Group leaders identif y
12 ke y m e s s a g e s , w hi c h a r e
summarized in their article. Impacts
of climate change are occurring
now; adaptation will be necessary
to address those arising from past
emissions. It is essential to develop
a portfolio of strategies that includes
adaptation, mitigation, technological
development and research (climate
science, impacts, adaptation and
mitigation).
Sui t able adap t a tion s tra te gie s
hing e up on the availabili t y of
climate information at regional
to country and even local scales.
Coupled atmosphere-ocean general
circulation models are the primary
tools available today to simulate and
project climate change. While their
skills on the global and continental
scales are rapidly increasing, their
spatial resolutions are still too coarse
to provide fine-scale climate-change
information required for most impact
assessments. Regionalization tools
have been increasingly applied to
a wide range of climate-change
problems. In applying them, however,
it is necessary to fully comprehend
the key assumptions underlying their

use, as well as their potential and
limitations.
In the IPCC Four th Assessment
Report, the Working Group on the
Scientific Basis termed the warming of
the climate system as “unequivocal”,
with most of the recent warming
“very likely to be human-induced”.
If we follow the assessment reports
since the beginning of the process
in 1990, we can see the remarkable
progress in the clarity of our under
standing, driven largely by the
rapid advances in climate science.
Large uncertainties and gaps in our
knowledge of climate change remain,
particularly on adaptation-relevant
regional and local scales. Concerted
efforts must be made to address these
gaps by sustaining and improving
monitoring, prediction, data access,
communication, capacity-building,
research and other aspects of climate
science.
Over the last 10 years, an innovative
process known as the Regional
Climate Outlook Forum (RCOF) has
been undertaken by WMO, National
Meteorological and Hydrological
Services (NMHSs), regional climate
institutions and other international
organizations, to provide consensusb a s e d e ar l y war nin g s e a s onal
climate information for reducing
climate-related risks and supporting
sustainable development efforts of
specific regions. RCOFs bring together
climate scientists, policy-makers

and the general user community
to develop warnings of potential
impacts of the climate on various
socio-economic sectors. With their
demonstrated capability of providing
regionally consistent and usertargeted climate information, RCOFs
are uniquely placed to contribute to
decision-making at regional, national
and sector levels.
The assessment and monitoring of
climate changes are based on decades
and centuries of atmospheric and
oceanic observations across the
world. These observations, coupled
with palaeoclimatic reconstructions,
led the IPCC to conclude that the
ave r a g e n o r t h e r n h e mi s p h e r e
temperatures during the second
half of the 20th century were likely
higher than any other 50-year period
in at least the past 1 300 years. WMO
stimulates and coordinates climatemonitoring activities around the
world and helps capacity building
in developing countries and Least
Developed Countries. The priorities
are applications of satellite, marine
and other in situ data, improvement

in monitoring climate extremes, better
use of phenological data, and capacitybuilding. The annual WMO state
of the climate reports highlight the
benefits of WMO Members working
together to monitor, and improve the
scientific understanding of, the global
climate.
Agrometeorological services strive
to improve and protect agricultural
production, which is crucial for food
security worldwide, as well as for the
livelihood of farmers. It is important to
incorporate local knowledge, relevant
science and appropriate policies into
agrometeorological services, whatever
climate conditions and changes the
farmers are subject to. “Response
farming” is a method of identifying
seasonal rainfall variability and its
predictability, along with the related
risks, and addressing these risks at
the farm level. This means adapting
cropping to the ongoing rainy season
by guidance of agronomic practices;
using past experiences, including
meteorological interpretations; and
traditional knowledge. Climate change
brings complications to organized

response farming but a differentiation
of farmer and farming system is the
real issue for agrometeorological
services in a changing climate.
Disasters as a result of weather,
climate and water extremes account
for the majority of all natural disasters.
One of the most threatening aspects of
global climate change is the likelihood
that extreme weather and climate
events will become more variable,
more intense and more frequent. The
IPCC has concluded that increases
in extremes, as well as changing
socio-economic and demographic
trends, have contributed to rising
vulnerabilities. NMHSs are wellplaced to reduce disaster losses
under current and changing climate
conditions, through risk as well as
crisis management. The associated
actions include: provision of hazard
information for planning, prediction
p r o du c t s f or imp e n din g r i s k s ,
monitoring to detect hazards and
emerging threats, early warnings for
emergency response and recovery
operations, and educ ation and
capacity building.
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Key IPCC conclusions on
climate change impacts and
adaptations
Title
by Martin Parry1, Osvaldo Canziani1 and Jean Palutikof2

Introduction
The IPCC Fourth Assessment on
Climate Change 2007: Impac ts,
Adaptation and Vulnerability (IPCC,
20 07(a)) add re s sed three main
issues: impacts of climate change
which are observable now; future
effects of climate change on different
sectors and regions; and responses
to such effects. The assessment

included 12 key messages, which are
summarized here.

1. Impacts of climate
change are
occurring now
A new development in the IPCC Fourth
Assessment was the introduction of
a chapter dedicated to observed and

measurable impacts. The author team
of this chapter examined more than
29 000 environmental data series
and found that 89 per cent of these
exhibited trends consistent with
warming. Most of the available data
are terrestrial, rather than oceanic,
and are concentrated in Europe
and North America, leading to dif
ficulties in drawing a global picture.
Nevertheless, the conclusion is that
natural systems around the world are

Figure 1 — Changes in glacier extent on Mt Kilimanjaro
1912 to 2003 (IPCC, 2007(a))

1	Co-chair, IPCC Working Group II, Impacts, Adaptation and Vulnerability
2	Head, Technical Support Unit, IPCC Working Group II, Impacts, Adaptation and Vulnerability
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being affected by regional climate
changes, particularly temperature
increases, and that these temperature
increases are very likely to be the
result of anthropogenic emissions
of greenhouse gases.
Most evident are reductions in snow,
ice and frozen ground, which, in
turn, are leading to enlargement and
increased numbers of glacial lakes,
and increased ground instability in
permafrost and mountain regions.
Although the greatest reduction in
ice extent has occurred in the Arctic,
some of the most obvious has been
in tropical mountain environments
such as on Mt Kilimanjaro (Figure
1).
There is extensive evidence that
recent warming is strongly affecting

terr e s tr ial biolo gi c al s y s te m s,
including such changes as earlier
timing of spring events (e.g. leaf
unfolding, bird migration and egg
laying; and shifts in ranges of plant
and animal species). In the oceans,
and mainly at high latitudes, we can
currently observe shifts in ranges
and abundance of algae, plankton
and fish.
Probably the most important effect
of greenhouse gas emissions is in
the oceans, which have become
increasingly acidic as carbon dioxide
is absorbed by water to become
carbonic acid. So far, we have
recorded an average pH reduction
of 0.1. Increasing acidity is expected
to have major effects on shell-forming
organisms, but research on this is in
its infancy.

Other effects of regional climate
changes on natural and human
environments are emerging, although
many are difficult to discern due to
adaptation and non-climatic trends
such as land-use change. These
include earlier spring planting of crops,
increase in forest fires in northern
high latitudes and warmer and drier
conditions in the Sahel, leading to a
reduced length of growing season.

2. Key impacts and
the most vulnerable
places can now
be identified
Since the IPCC Third Assess
m e n t ( 2 0 01), m a n y a d d i t i o n a l

Figure 2 — Global impacts projected for changes in climate (and sea level and atmospheric carbon dioxide where relevant) associated
with different amounts of global average surface temperature change in the 21st century (from IPCC, 2007(a), Technical Summary)
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Figure 3 — Regional impacts projected for changes in climate (and sea-level and atmospheric carbon dioxide where relevant),
associated with different amounts of global average surface temperature change in the 21st century (from IPCC, 2007(a),
Technical Summary)

s tudies, par ticularly in regions
tha t previously had b e en lit tle
researched, have enabled a more
systematic understanding of
how the timing and magnitude of
impacts are likely to be af fected
by change s in climate and s ea
level as so cia ted with dif fering
amounts and rates of change in
global average temperature. The
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main conclusions regarding these
impacts are summarized in Figures 2
and 3. From this assessment, the
IPCC author team identified those
systems, sectors and regions most
likely to be especially affected by
climate change.
The most vulnerable systems and
sectors are:

•

Some ecosystems, especially
tundra, boreal forest, mountain, Mediterranean-type
ecosystems, mangroves and
salt marshes, coral reefs and
the sea ice biomes;

•

Low-lying coasts, due to the
threat of sea-level rise;

Figure 4 — Changes in water availability for the 2090s relative to 1980-1999. Values are the median for 12 climate models. White areas
are where less than two-thirds of the models agree and hatched areas are where 90 per cent of the models agree (from IPCC, 2007(c)).

•

Water resources in low-latitude
regions, due to decreases in
rainf all and higher ra te s of
evapotranspiration;

•

A g r i c ul t ur e in l o w - l a t i t u d e
regions, due to reduced water
availability; and

•

Human health, especially
in ar e a s w i t h low a d ap ti ve
capacity.

The most vulnerable regions are:
•

The Arc tic, because of high
rates of projected warming on
sensitive natural systems;

•

A f r i c a , e s p e c i a ll y t h e s u b Saharan region, because of low
adaptive capacity and projected
changes in rainfall;

•

S m a ll i s l a n d s , d u e to hi g h
exposure of population and
infrastructure to risk of sealevel rise and increased storm
surge; and

•

Asian megadeltas, such as the
Ganges-Brahmaputra and the
Zhujiang, due to large populations
and high exposure to sea-level
rise, s torm surge and river
flooding.

Within other areas, even those with
high incomes, some people can
be particularly at risk (such as the
poor, young children and the elderly)
and also some areas and some
activities.
Many of the regional differences in
impact will stem from changes in
water availability (which is essential
for human health and food production). Over the past five years, we
have developed a clearer picture of
how water availability may change
regionally, with indications of important decreases in southern Europe
and in northern and southern Africa.
If these projected changes should
occur, then impacts in these regions
could be severe (Figure 4).

3. There are very likely
to be impacts due to
altered frequencies
and intensities of
extreme weather,
climate and sealevel events
The IPCC Fourth Assessment Report
concluded, with increased confidence
over the Third Assessment, that some
weather events, such as heat waves,
storms and droughts, that can have
large impacts, are likely to become
more frequent and widespread in
the future and, in some cases, more
intense. In general, the related
impacts are expected to be broadly
negative, including reduced water
availability, damage to crops and
increased potential for diseases,
especially those transmit ted by
insect vectors. For example, it is a
conclusion of the Fourth Assessment
that intense tropical cyclone activity
is likely to increase through the 21st
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Jocelyn Ausustino/FEMA

Figure 5 — New Orleans, USA, on 30 August 2005, the day after Hurricane Katrina struck.

century. Thus, it is reasonable to
expect events such as Hurricane
Katrina, which hit New Orleans in
August 2005 and caused an estimated
4 000 fatalities, to occur more often
in the future (Figure 5).

areas. Working Group II concluded
that an abrupt change in the
Meridional Overturning Circulation
in the North Atlantic (i.e. weakening
of the Gulf Stream), which could lead
to cooling in north-western Europe
would be ver y unlikely to occur
during this century.

5. The overall effect
of climate change
will be negative
The IPCC Fourth Assessment Report
makes it clear that the impacts of

Wheat, mid- to high-latitude

4. Some large-scale
climate events
have the potential
to cause very large
impacts, especially
after the 21st century
The IPCC Working Group I Fourth
Assessment Report concluded that
complete melting of the Greenland
ice sheet, associated with a 1.9°C to
4.6°C global average temperature
increase relative to pre-industrial
levels, could lead to sea-level rises,
over millennia, of 7 m. For the West
Antarctic ice sheet, complete melting
would contribute 5 m to sea-level
rise. If this occurred, there would be
widespread inundation of low-lying
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Figure 6 — Sensitivity of wheat yield in mid- to high latitudes. Responses indicate cases
without adaptation (orange dots) and with adaptation (green dots). The studies analysed
here include a range of precipitation changes and carbon dioxide concentrations (from
IPCC, 2007(a)).

T h e s e r e gion s ar e the c ur r e n t
“breadbaskets” of the world, so
the effects here would be keenly
felt on food prices elsewhere; and,
since agricultural production is a
major part of global production, this
explains why there is a wide band
of uncertainty about the aggregate
ef fec ts of climate change (with
global losses between 1 and 5 per
cent of gross domestic product
expec ted for a 4°C warming — a
conclusion which reinforces that of
the Third IPCC Assessment). It is
virtually certain, however, that such
aggregate estimates of costs mask
significant differences in impacts
across sectors, regions, countries
and populations. In some locations
and among some groups of people
with high exposure, high sensitivity
and/or low adaptive capacity, net
costs will be significantly larger than
the global aggregate.

current targets to reduce emissions
assume a global average temperature
in c r e a s e of ab ou t 1. 5° C ab ove
present (i.e. 2°C above pre-industrial
temperatures). A significant amount
of potential impact will therefore
need to be adapted to, regardless
of how effective are our efforts at
mitigation.

7. Some adaptation
is occurring now,
but on a limited
basis, and more is
needed to reduce
vulnerability to
climate change
There is growing evidence of human
ability to adapt to obser ved and
anticipated climate change. For

1973

1987

example, climate change has
been included in the design of
infras truc ture proje c t s such as
coastal defences in the Maldives and
the Netherlands. Other examples
include prevention of glacial lake
outburst flooding in Nepal, policies
of water management in Australia,
a n d g ove r nm e n t r e s p o n s e s to
he a t wave s in s om e Eur o p e an
countries.
Much more adaptation is
n e e d e d, howeve r. T h e ar r ay o f
potential adaptive responses avail
able is ver y large, ranging from
p ur e l y t e c hn o l o g i c a l (e .g . s e a
defences), through behavioural
(e.g. altered food and recreational
choices), to managerial (e.g. altered
farm practices) and to policy (e.g.
planning regulations). We do not
k n o w, h o w e ve r, h o w e f f e c t i ve
various options are at fully reducing

1997

NASA (http://en.wikipedia.org/wiki/Lake Chad)

future climate change will be mixed
across regions, but negative overall.
Some low-latitude and polar regions
will experience net costs, even for
small increases in temperature. Other
regions might experience some
benefits for increases in temperature
up to 2°C or 3°C before negative effects
become more general. An example of
this is possible increases in wheat
yield for a temperature increase of
1°C-3°C at middle and high-latitudes
but decreases in yield above 3°C
(Figure 6).

6. Adaptation will be
necessary to address
impacts resulting
from the warming
which is already
unavoidable, due
to past emissions
Working Group I concluded that,
even if emissions were stabilized
now, global temperatures would
increase on average by a further
0.6°C by 2100. Furthermore, some

2001
Figure 7 — A composite of images showing the diminishing Lake Chad (West Africa)
from 1973 to 2001
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development /local governance).
Thus, difference in impact between
these future conditions is largely
explained, not by climate change,
but by differences in vulnerability
due to wealth and technology. This is
important, because it suggests that
choice of development pathway can
be a key to reducing impacts from
climate change.

Figure 8 — Estimated millions of people per annum at risk globally from coastal flooding.
Blue bars: numbers at risk without sea-level rise; purple bars: numbers at risk with sealevel rise (from IPCC, 2007(a), Technical Summary)

risks, nor their cost. This is especially
true for larger amounts of warming
over the long term and the IPCC
authors concluded that adaptive
capacity cannot be expected to cope
with large amounts of long-term
warming. This is why (as argued
below) the combination of mitigation
and adaptation will be essential.

8. Vulnerability to
climate change can
be exacerbated by
the presence of
other stresses
Non-climate stresses can increase
vulnerability to climate change by
reducing resilience and can also
reduce adaptive capacity because of
resource deployment to competing
needs. For example, lower-thannormal receipts of rainfall in the
S a h e l have c o n t r ib u te d to t h e
reductions in the area of Lake Chad
over the pas t 3 0 year s. Equally
impor tant, however, may have
been increased human abstraction
of water from the rivers and streams
that feed the lake. It is probably the
combination of climate change and
other trends that explain the lake’s
shrinkage (Figure 7).
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9. Future vulnerability
depends not only on
climate change but
also on development
pathway
Projected impacts of climate change
can vary greatly due to the choice
of f u ture e c onomic and so cial
development pathway. New research
on potential impacts allows for dif
ferences in regional population,
income and technological develop
ment under alternative scenarios. It
is now clear that development can be
a strong determinant of vulnerability
to climate change.
To illustrate, Figure 8 shows estimates
of the global number of people at
risk of flooding under dif ferent
assumptions of socio-economic
development. This indicates that the
projected number of people affected
is considerably greater under the A2type scenario of development (a future
world characterized by low per capita
income and large population growth)
than under other futures such as A1 (a
high income/high population world);
B1 (sustainable development/global
governance); and B2 (sustainable

10. Sustainable
development may
reduce vulnerability
to climate change
and climate change
may impede
nations’ abilities to
achieve sustainable
development
pathways
Sustainable development can reduce
vulnerability to climate change by
enhancing adaptive capacity and
increasing resilience. At present,
however, few plans for promoting
sustainability have explicitly included
either adapting to climate change
impac ts or promoting adaptive
capacity. On the other hand, it is
very likely that climate change can
slow the pace of progress towards
sustainable development (e.g. impede
achievement of Millennium Devel
opment Goals), either directly through
increased exposure to adverse impacts
or indirectly through erosion of the
capacity to adapt.

11. Many impacts can
be avoided, reduced or
delayed by mitigation
A small number of impact assess
ments have now been completed for
scenarios in which future atmospheric
c o n c e n t r a t io n s o f gr e e nh o u s e
gases are stabilized. Although these
studies do not take full account of

uncertainties in projected climate
under stabilization, they nevertheless
provide indications of damage avoided
or vulnerabilities and risks reduced
for different amounts of emissions
reduction.

12. In conclusion: we
will need a mix of
adaptation and
mitigation measures
to meet the challenge
of climate change, but
this is hampered by
a lack of information
on the costs and
benefits of adaptation
Even the most stringent mitigation
efforts cannot avoid some impacts
of climate change over the next few
decades. Indeed, we are beginning to

see these impacts now. This makes
adaptation essential, particularly
in addressing near-term impacts.
However, unmitigated climate change
would, in the long term, be likely to
exceed our capacity to adapt.
It is essential, then, to develop a
portfolio or mix of strategies that
includes mitigation, adaptation,
te c hnologic al development (to
enhance both adaptation and
m i t i g a t i o n) a n d r e s e a r c h (o n
climate science, impacts, adaptation
and mitigation). But analysis of
the benefits of various mixes of
strategy is severely restricted at
present by lack of information on
potential costs of impacts, by lack
of comparable information on the
damage that could be avoided by
adaptation and, especially, by lack of
understanding of how these impacts
will var y under dif ferent socio economic development pathways.
It is important that these gaps in our
knowledge are filled quickly.
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Regionalization of climate
change information for impact
assessment
and adaptation
Title
by Filippo Giorgi*

Introduction
It is clear by now that the issue of
anthropogenic climate change and
its impact on human societies and
natural ecosystems is among the
most important environmental and
scientific challenges of this century.
The development of suitable policies
to adapt to climate change and to
stabilize greenhouse gas (GHG)
concentrations below the “danger”
threshold hinges upon the availability
of climate information at scales from
regional to country and even local
level. Such information, along with
the uncertainty associated with it,
needs to be clearly communicated
to end-users and policy-makers, so
that adequate policy decisions to
respond to climate change can be
taken in a fully informed way.
At scales from regional to global,
the climate-change signal is affected
by two types of process: changes in
large-scale circulations which affect
the sequence of weather events that
characterize the climate of a region
(e.g. the location of storm tracks);
and ef fec ts of regional to local
forcings that modulate the broadscale climate-change signal (e.g.
complex topography, coastlines and
land use). In addition, as the spatial
scale decreases, climate variability

*	Abdus Salam International Centre for
Theoretical Physics, Trieste, Italy

86 | WMO Bulletin 57 (2) - April 2008

increases, making the identification
of anthropogenic signals from
the underlying natural variability
increasingly difficult. Further, the
climate of a given region can be
af fected by processes occurring
far away through teleconnection
patterns. As a result of all these factors,
projections of regional to local climate
changes are extremely difficult and
are generally characterized by a high
level of uncertainty.
Coupled Atmosphere-Ocean General
Circulation Models (AOGCMs) are
the primary tools available today to
simulate climate change. With the
recent development of increasingly
powerful computing platforms, the
horizontal resolution of AOGCMs has
increased. However, most AOGCMs
used to produce climate change
projections (e.g. for the recently
completed CMIP3 ensemble, Meehl
et al., 2007) are still run at horizontal
resolutions of ~100-300 km, which
is too coarse to produce fine-scale
climate-change information for use

Figure 1 — Schematic
depiction of the Regional
Climate Model nesting
approach

in most impact assessment studies.
This resolution also precludes the
accurate simulation of ex treme
weather events, which is fundamental
to assess many impacts of climate
change. Therefore, since the late
1980s and early 1990s, dif ferent
“regionalization” techniques have
been developed to spatially refine the
information produced by AOGCMs
and provide data usable for impact
assessment studies (Giorgi et al.,
2001).
Regionalization tools have been
increasingly applied to a wide range
of climate-change problems, proving
to be important resources for climate
change research. In applying them,
however, it is necessar y to fully
understand the key assumptions
underlying their use along with
their potential and limitations. This
is especially important in view of
the fact that, being computationally
and technically more accessible than
AOGCMs, regionalization techniques
c an a c hieve a w ide s pr ead us e

throughout the scientific community
and often represent the last step
interfacing the climate information
with the impact and policy-making
application.
Starting from these considerations,
this paper first presents an overview
of the dif ferent regionalization
techniques available today, focusing
on their underlying assumptions,
major recent developments, potential
and limitations. This is followed by a
description of the application of such
techniques to provide climate change
information for impact assessment
studies. Future prospects and needs
to enhance the applicability and
reliability of regionalization tools are
finally presented.

Regionalization
techniques: basic
underlying assumptions,
recent developments,
potential and limitations
Broadly speaking, four regionalization
tools are currently available to refine
(or downscale) the climate information
produced by AOGCMs. They are
traditionally referred to as:
•

High-resolution “time-slice”
Atmosphere General Circulation
Models (AGCMs);

•

Variable resolution AOGCMs
(VarGCMs);

•

Nested Regional Climate Models
(RCMs);

•

Statistical downscaling (SD)
methods.

The AGCM approach (e.g. Cubasch
et al., 1995) consists of simulating
with an atmosphere-only global
model some given time periods (or
“time slices”) of a transient AOGCM
simulation, say one for present-day
(e.g. 1960-1990) and one for future
(e.g. 2071-2100) climate conditions.

The sea-surface temperature (SST)
necessary for these simulations is
provided by the AOGCM. Because an
atmosphere-only model is run for a
period of limited duration, the AGCM
can attain relatively high resolutions.
In fact, recent AGCM time-slice
experiments have reached resolutions
of a few tens of kilometres, clearly
showing an improvement in the
model performance with increasing
resolution.
The main conceptual assumption
underlying the use of time-slice
AGCMs is that the SST forcing
o b t a i n e d f r o m t h e AO G C M i s
consistent with the climatology of
the high-resolution AGCM. Since this
may not always be the case, such
inconsistencies should be evaluated
in the analysis of the results. The
main advantage of time-slice AGCMs
is their global coverage and their
ability to simulate teleconnection
patterns across remote regions. On
the other hand, AOGCMs are the
most expensive regionalization tools
and thus need to be run on large
computing platforms in order to
achieve high resolution.
The VarGCM approach consists of
running the same type of simulations
as in the AGCM one, but using a global
model with gradually increasing
horizontal resolution towards a given
region of interest (e.g. Deque and
Piedelievre, 1995). Similarly to the case
of time-slice AGCMs, the potential
inconsistency with the driving SST
fields is a problem, although this
can be circumvented by relaxing
the VarGCM fields towards those
of the AOGCM, providing the SST
away from the high-resolution area
of interest. Another important caveat
is that the physical parameterizations
used by VarGCMs need to operate
at a wide range of spatial scales,
which, in some cases, may break
the limits of the applicability of the
schemes. Today, several VarGCMs
are available for climate simulation at
refined regional resolutions reaching
a few tens of kilometres and a VarGCM
intercomparison project has recently

been initiated (Fox-Rabinowitz et al.,
2006).
The RCM approach consis t s of
running the same type of experiments
as in the VarGCM one, but with a
limited-area RCM “nested” over the
region of interest (Giorgi and Mearns,
1999). Because the model covers
only a limited area, it can reach
very high horizontal resolutions.
In order to be run, the RCM needs
meteorological lateral boundar y
conditions (LBC). In the nesting
procedure, these are provided by
corresponding AOGCM simulations
or, alternatively, by fields from global
analyses of observations. Most RCM
studies to date have used the oneway nesting method, by which the
RCM information does not feed back
into the GCM. Recently, however,
some two-way nested experiments
have been completed with ver y
encouraging results (Lorenz and
Jacob, 2005).
RCM nesting is probably the most
widely used dynamical downscaling
m e tho d . T he b a s i c un d e r l y in g
assumption of this approach is
that the AOGCM simulate s the
response of the global circulation
to large-scale forcings (e.g. GHG
radiative forcing) and the nested
RCM simulates the effect of subGCM scale regional forcings (e.g.
topography). It is important to stress
that, when used in one-way mode,
nested RCMs are not expected to
correct large errors in the GCM
forcing fields, but mostly to add
fine-scale regional information to
the large-scale climate signal. It is,
therefore, critical to always first
analyse the global model fields
used for lateral boundary conditions
b e f o r e p r o c e e d in g to a n R C M
experiment.
A few tens of RCM systems have been
developed at laboratories worldwide
and various intercomparison
projects are underway for different
areas (e.g. Takle et al., 2007). These
projects have allowed us to better
understand a number of technical
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issues related to the use of RCMs:
c hoi c e of d omain and p hy s i c s
parameterizations; use of different
techniques for assimilating the
forcing lateral boundary conditions;
effect of internal model variability
vs lateral boundary forcing; optimal
resolution gap bet ween forcing
f ields and model solution; and
transferability of the models across
regions. RCMs have been shown to
improve the simulation of climatic
spatial detail (e.g. as forced by
complex topography and coastlines,
see Figure 2) and extreme events
compared to the driving global
models (Giorgi, 2006). In addition,
multi-decadal to centennial RCM
simulations have been carried out
at grid intervals of a few tens of
kilometres or less, showing how finescale forcings can substantially affect
the climate change signal (e.g. Gao et
al., 2006). Numerous research efforts
are underway to couple atmospheric
RCMs to models of other components
of the climate system (e.g. regional
ocean/sea ice, chemistry/aerosol and
land biosphere models) and a recent
new RCM application is their use for
seasonal prediction studies (Wang et
al., 2004). A number of review papers
are available on RCM development
and application (Giorgi and Mearns,
1991, 1999; McGregor, 1997; Leung
et al., 2003; Wang et al., 2004; Giorgi,
2006).
I n t h e s t a t i s t i c a l d o w n s c a lin g
t e c h n i q u e (e . g . H e w i t s o n a n d
Crane, 1996), the basic strategy is
to develop statistical relationships
between predictands of interest (e.g.
precipitation at a certain location)
and predictors that can be obtained
from global model simulations (e.g.
500 hPa height). These relationships
are constructed using observations
and are then applied to the output
of AOGCM simulations of future
climate to obtain local climate change information. Although this
is the basic philosophy underlying
s t a t i s t i c a l d o w n s c a lin g , m a ny
different variants are available (e.g.
Giorgi et al., 2001; Christensen et
al., 2007).
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Observed precipitation

GCM precipitation

RCM precipitation
Figure 2 — Observed and simulated monsoon precipitation over China (May-September)
in an RCM and the driving GCM. Precipitation is obtained as the mean over a 30-year
present day simulation and the grid spacing of the RCM is 20 km. Units are mm/day. The
figure is an example of improvement attained by the RCM compared to the driving GCM
(from Gao et al., 2008).

Statistical downscaling methods
ar e b a s e d on the f undame n t al
as sump tion tha t the s t atis tic al
r e la tion s hip s d eve lop e d u s in g
present day climate information
a r e va li d a l s o u n d e r d i f f e r e n t
climate conditions (Hewitson and
Crane, 1996). This assumption is
difficult to verify since conditions
under increased GHG forcing may
be expec ted to be substantially
dif ferent from those seen in the
historical records used to develop
the statistical downscaling models.
A s e c ond major as sump tion is
that the predictors used in these
models are fully representative of
the climate change signal, which
may require the combined use of
a range of predictors based on the
specific target of a particular study.
Statistical downscaling methods
are computationally inexpensive,
which allows their ready application
to the output of dif ferent GCMs.
Another advantage of these models
i s t h a t t h e y c a n p r ov i d e l o c a l
information or information tailored
for specific impact applications
which may not be available from
numerical models. A key issue is
the availabilit y of obser vational
datasets of sufficient quality and
length to develop robust statistical
relationships.
Today, a large number of statistical
downs caling approaches exis t,
including regression-type models,
weather generator and weather
c la s si f i c a tion s c heme s, neural
net works, analogue and pat tern
s c aling me thods (Giorgi et al.,
2001; Christensen et al., 2007). The
availability of such a wide range of
statistical downscaling methods
makes their assessment an especially
difficult task, since the models are
often tied to specific applications.
However, methods have matured
to the point that they are today
used for an extensive and varied
range of impact studies at regional
to local scales (Christensen et al.,
2007). Wilby et al. (2004) provide a
comprehensive discussion of issues
pertaining to applications.

Figure 3 — Schematic depiction of the steps involved in the production of climate
change information usable for impact assessment work via regionalization methods

Use of regionalization
tools to provide climate
information needed for
impact assessment and
adaptation studies
All regionalization techniques have
undergone a tremendous devel
opment and an increasing use for
a wide range of applications, from
process studies to climate change
and paleoclimate simulation.
Figure 3 shows the sequence of steps
necessary to produce a “regionalized”
climate-change scenario for use in
impact assessment studies (Giorgi
2005). First, greenhouse-gas emission
and concentration scenarios are
produced based on assumptions
of socio-economic development or
target stabilization scenarios. These
are then fed into coupled AOGCMs
to produce transient climate-change
simulations for the 21st centur y
and possibly beyond. The fields
from these simulations are fed into
regionalization tools, which then
produce the information that goes
into impact models and, eventually,
adaptation planning.

Each step of the process is
characterized by a cer tain level
of uncertainty that aggregates in
a cascade process from one step
to the nex t. The largest sources
of unc er t aint y derive from the
use of dif ferent greenhouse-gas
emission scenarios, different global
model configurations and different
regionalization methods and models
(Giorgi, 2005). As a result of this
cascade, the uncer tainty related
to regional proje c tions is ver y
high and over a limited number of
regions only are we today confident
in the climate-change projections
produced by models (Giorgi et al.,
2001; Christensen et al., 2007).
Two critical issues confronting users
of regionalization techniques are the
added value of using a regionalization
tool, and the choice of regionalization
method. Concerning the first: for a
given application it needs to be
carefully evaluated whether the use
of a downscaling tool will provide
additional useful information. This
is clearly the case, for example, in
areas of complex topography or in the
study of extreme events. It is possible,
however, that, for some applications,
the AOGCM information can be used
directly.
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C o n c e r nin g t h e s e c o n d i s s u e,
different regionalization techniques
have dif ferent advant age s and
limitations and the choice of the
approach depends on the specific
application and the availability of
resources. The limited available
intercomparisons across methods
indicate that dynamical and
s tatis tical downscaling models
show comparable performance in
reproducing present day climate.
The simulated climate change signal
can be quite dif ferent, however,
largely because of the use of specific
predictors and assumptions in the
statistical downscaling methods.
What an end user can expect from
the model-based regionalization
methods are time series down to
sub-daily time scales of the basic
climate variables (e.g. temperature,
precipitation, wind) at the
respective model resolutions for
the entire 21st century or selected
periods of it. Currently, the typical
resolution obtainable from physical
regionalization models is of the
order of a few tens of kilometres.
If higher re solution is needed,
a statistical downscaling tool is
required to downscale the climate
model information to the local scale
and produce time series of relevant
climatic variables.

0
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From these considerations, it can
be argued that an optimal approach
would be the combined use of dif
ferent downscaling techniques. For
example, a time-slice AGCM could
be used to provide intermediate
resolution information as a linkage
from an AOGCM to a VarGCM or
RCM, which can then produce finerscale climate fields. These, in turn,
can provide more detailed and
internally consistent predictors for
statistical downscaling models aimed
at providing tailored information for
impact-assessment studies.
An example of such an approach
(not including the last, SD step) is
given in Figure 4 (from Diffenbaugh
et al., 2007). This figure presents
the change in the occurrence of
events of high-danger heat index
(a measure of heat stress based on
temperature and relative humidity)
over the Mediterranean basin for the
period 2071-2100, compared to 19611990 under the A2 emission scenario
of IPCC (2000). It was obtained by
first using a time-slice AGCM with
SSTs from a coupled AOGCM. The
AGCM fields were then used as lateral
boundary conditions for a nested RCM
simulation at 50-km grid scaling.
Fields from this simulation were in
turn used to provide lateral boundary
conditions for a further nested RCM

24

38

40

Figure 4 — Simulated increase in the occurrence of days with high-danger heat index
with a multiple nested RCM system (see text) (from Diffenbaugh et al., 2007)
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run at 20 km grid interval. The key
aspect of Figure 4 is the ability of this
multiple downscaling approach to
provide very fine information on heat
stress (note, for example, the sharp
coastal signal), which can then be
used to devise suitable adaptation
measures.
Another example of a downscaling
application is shown in Figure 5, in
which a statistical downscaling model
is used to produce changes in JuneJuly-August precipitation over Africa
from different AOGCM outputs. This
example, in particular, shows the
ability of SD models to be readily
applied to the output of different
global model simulations.

Prospects and needs
for the future use
of regionalization
techniques in climate
change studies
Regionalization tools are today an
essential and established aspect
of climate change research. Most
regionalization techniques can now be
implemented on relatively inexpensive
computing platforms (e.g. PCs or PC
clusters), and this is greatly expanding
the user base. On the one hand, this
“proliferation” process helps in better
understanding and assessing the
applicability of the models but, on
the other, it requires increased care
in their proper application.
What are the most pressing needs
in relation to this increased use of
regionalization techniques? One is
certainly the availability of improved
ob ser vational dat ase t s for the
validation and calibration of the
dynamical and statistical models.
Present day RCMs can be run at grid
scales of 10 km or less, and statistical
downscaling models can reach the
local scale. In addition, the need is
increasing for the application of these
models to all regions of the world,
including remote and mountainous

Figure 5 — Simulated change in June-July-August precipitation over Africa as obtained from a statistical downscaling (SD) model
applied to output from different global model simulations (B. Hewitson, personal communication)
areas. This will require high-quality,
f ine - s c ale ob s er ving da t as e t s,
possibly of global coverage, to use
for dynamical model validation and
testing and SD model calibration. In
this regard, for example, GCOS can
provide a fundamental framework
to improve the quality of current
observing datasets.
The target horizontal resolution of
physical models is rapidly approaching
10 km or less. At this resolution, many
current systems need to be upgraded,
both in their dynamical and physical
components. For instance, many
AGCMs, VarGCMs and RCMs use the
hydrostatic assumption and employ
convection schemes that are based on
a clear scale separation between the
cloud scale and the model grid scale.
Neither of these assumptions holds as
the horizontal resolution approaches

values of 10 km or less. Boundary
layer schemes may also need to be
similarly upgraded. The next few
years will thus necessarily see marked
efforts in model development.
Und e r s t andin g the s our c e s of
uncer taint y associated with the
projection of regional climate change
is an essential piece of information in
order to quantify the impacts of climate
change (Giorgi, 2005). As mentioned,
a key source of uncertainty is the use
of different models or regionalization
tools. Assessing such uncertainty
requires the coordinated completion of
ensembles of simulations for different
climate-change scenarios, models
and methods. This coordination is
not easy within a regional research
context, because different partners
are of ten interested in dif ferent
issues and regions. In this regard,

WMO can play a central and critical
role in facilitating interactions of
different modelling communities to
build common frameworks for the
intercomparison and combined use
of models and methods.
Finally, regionalization tools can
play the fundamental role of directly
involving scientists from developing
countries in the climate-change
modelling arena (Huntingford and
Gash, 2005). These countries are
likely to be the most vulnerable to
climate change and are, therefore,
in great need of adaptation policies.
It is thus essential that they build
internal know-how concerning the
development of regional-to-local
climate change information of direct
relevance to their specific needs.
This will require a strong effort of
education and networking in the
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understanding and use of all modelling
tools described here, as well as in
the use of model output information
available from international projects.
This can be achieved through regular
programmes of training workshops,
exchange visits and south-south/
south-north collaborative research
projects. Although some such efforts
are currently under way (Pal et al.,
2007; http://www.aiaccproject.org/;
http://precis.metoffice.com/), the
role of WMO in this regard will be
essential.
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Adapting to climate variability
and change: the Climate Outlook
Forum process
by Laban Ogallo1, Pierre Bessemoulin2, Jean-Pierre Ceron2, Simon Mason3 and
Stephen J. Connor3

Introduction
Weather and climate ex tremes
are associated with loss of life,
destruction of property and many
other socio - economic miseries
worldwide. They threaten livelihoods
and the very survival of humankind.
The vulnerability of societies seems to
be increasing year after year in many
developing countries, especially in
Africa. The recent Fourth Assessment
Report of the Intergovernmental Panel
on Climate change (IPCC) confirms that
human activities are changing climate
by injecting greenhouse gases into the
atmosphere (IPCC, 2007). Coping with
the negative impacts of the current
climate extremes and adaptation to
future climate changes are therefore
some of the greatest challenges facing
humankind today.
Over the last 10 years, an innovative
process known as the Regional
Climate Outlook Forum (RCOF) has
been undertaken by WMO, National
Meteorological and Hydrological
Services (NMHSs), regional climate
institutions and other international
organizations to provide consensusb a s e d e ar l y war nin g s e a s onal
climate information for reducing
climate-related risks and to support

sustainable development efforts in
certain regions. RCOFs bring together
climate scientists, policy-makers and
the general user community to develop
warnings of potential impacts of the
climate on various socio-economic
sectors. The themes of the RCOFs are
chosen, depending on the dominant
regional climate needs of the users.
This article addresses the potential
roles of the RCOF process in adapting
to climate variability and change. The
topics addressed include:
•

T he RCO F pro c e s s it s elf,
including the histor y and
different mechanisms for the
development and dissemination
of the consensus forecasts;

•

Climate predictability at seasonal
to interannual time scales;

•

Meeting the ever-increasing and
diversified user needs;

•

Assessing the value and benefits
of RCOF products;

•

Some success stories in
applications of RCOF products;

•

Limitations and challenges of
RCOF products.

1	Intergovernmental Authority on Development Climate Prediction and Applications Centre,
Nairobi, Kenya
2 Météo-France, Toulouse, France
3 International Research Institute for Climate and Society, Palisades, New York, USA

The process
T h e i d e a o f “c l i m a t e o u t l o o k
forums” originated at a Workshop
on Reducing Climate-related
Vulnerabilit y in Southern Africa
(Victoria Falls, Zimbabwe, October
1996). Recognizing that climate
predictions could be of substantial
benefit to many parts of the world
in adapting to, and mitigating the
impacts of, climate variability and
change, planning was initiated to
establish an RCOF with an overarching
r e s p o n s ib ili t y to p r o du c e a n d
disseminate a regional assessment
(using a predominantly consensusbased approach) of the state of the
regional climate for the upcoming
season. Built into the RCOF process
is a regional and national networking
of the climate service providers and
user-sector representatives.
Recognizing its vulnerabilit y
to ex treme climatic variabilit y,
Africa has been a pioneering and
enthusiastic participant in the RCOF
process. Par ticipating countries
recognize the potential of climate
prediction and seasonal forecasting
as a power ful development tool
to help populations and decisionmakers face the challenges posed
by climatic variability and change.
National and regional capacities
are varied but certainly inadequate
to face the task alone. Since 1997,
when the Forum process started at
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forecasts for capacity building and
for sustained support.
The consensus prediction process
that underlines RCOF operations
consists of the following elements:

Kadoma in Zimbabwe, Africa has
benefited from a significant amount
of capacity-building and funding,
which has enabled the Southern
Africa Climate Outlook Forum and
the West Africa Cllimate Outlook
Forum to meet once a year and
the Greater Horn of Africa Climate
Outlook Forum to meet t wice a
year. In parallel, NMHSs and some
decision-makers have come to realize
the potential benefits to be gained
and have played larger roles in the
process. Ownership now lies largely
with national and regional players,
but there is a continuing need for
support at all levels to ensure that
the momentum gained to date is
maintained.
WMO, through its Climate Information
and Prediction Services project and
Regional Programme, has made
an important contribution towards
the development and activities of
the forums, alongside an array of
bilateral and multilateral sources
providing f inancial and in- kind
contributions. These include: the
Office of Global Programs of the US
National Oceanic and Atmospheric
Administration, the US Agency for
International Development, the
European Union, the International
Research Ins titute, the UK Met
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•

Determining the critical time
for development of the climate
forecast for the region in
question;

•

Assembling a group of
experts:
– Large scale prediction
specialists;
– Regional and local climate
applications and forecast /
downscaling specialists;
– Stakeholders representative of
climate-sensitive sectors;

Of fice, Météo-France, the World
Bank, many NMHSs and several
others, including universities and
research institutes.

•

Reviewing current large-scale
(global and regional) climate
anomalies and the most recent
forecasts for their evolution;

One important aspect of the forums
is to bring together experts in various
fields, local meteorologists and endusers of forecasts in an environment
that encourages interaction and
learning. The RCOF process has
subsequently been ex tended to
South America, Central America,
Asia and the Pacific islands. While the
implementation mechanisms of the
RCOFs worldwide have been varied,
based on the local conditions, the
core concept remained the same,
cu t ting a cros s all the re gions:
delivering consensus-based userrelevant climate outlook products
in real-time through regional
cooperation and partnership.

•

Reviewing current climate con
ditions and their impacts at local,
national and regional levels and
national-scale forecasts;

•

Considering all factors, produce
a consensus forecast with related
output (e.g. maps of temperature
and precipitation anomalies) that
will be applied and fine-tuned
(downscaling) by NMHSs in the
region to meet national needs;

•

Discussing applications of the
forecast and related climate
information to climatesensitive sectors in the region;
considering practical products
for development by NMHSs;

•

Developing strategies to
ef fectively communicate the
information to decision-makers
in all affected sectors;

•

Evaluating the session and its
results:
– Document achieved improvements to the process and any
challenges encountered;

Among the challenges identified in
the process to date, a key area is
the design and delivery of climate
information and prediction products
tha t s a tis f y the ne e d s of e nd users. Achieving this will require
concerted efforts to demonstrate
benefits. This challenge, together
with that of sustainability, indicates
the continued need to improve the
scientif ic underpinnings of the

release the detailed national climate
risk information to end-users.

Providing follow-up updates as
appropriate.

Climate predictability at
seasonal to interannual
time-scales

RCOFs stimulate the development of
climate capacity in the NMHSs. They
do much to generate decisions and
activities that mitigate adverse impacts
of climate and help communities
adapt to climate variability. It may also
be noted that, in addition to directly
supporting the RCOFs, WMO, with
other partners, has been making
concerted efforts to put in place
a number of global and regional
mechanisms that would fur ther
strengthen RCOF activities. WMO
has established designated Global
Producing Centres of long-range
forecasts, which provide real-time
global seasonal forecasts accessible
to all WMO Members. WMO, through
its regional associations, is also at
an advanced stage of establishing
Regional Climate Centres to cater to
the special needs on climate services
of regions.
The RCOF process, pioneered in
Africa, includes a training component
to strengthen the capacit y of
regional climate scientists through
a regional training workshop on
seasonal climate prediction with
the support of regional, as well as
international, experts. This training
workshop is followed by a meeting
of regional and international
scientists that develops a consensus
for the regional climate outlook.
T h e a c t u a l f o r u m , h o w e v e r,
invo l ve s in te r a c tion s b e t we e n
climate scientists and users for the
formulation of response strategies.
RCOF also provides a forum for the
review of impediments to the use
of climate information, experiences
and successful lessons regarding
ap p li c a tion s o f the p a s t RC O F
p r o du c t s , and d evelop me n t of
new strategies for sector-specific
applications. Recent RCOFs have
been followed by national forums to

It was noted in the previous section
that the RCOF process involves the
development of consensus seasonal
climate outlooks for specific regions,
based on seasonal prediction products
from various climate centres. It is
therefore important to review the
predictability of seasonal climate in
order to be able to understand the
limitations and challenges associated
with the RCOF products. In this
context, the recent World Climate
Research Programme (WCRP) Position
Paper on Seasonal Prediction (WCRP,
2007) is also of interest for more
detailed consideration of the issues
involved.

Predictability of the
seasonal climate
Numerical forecasts of the weather
lose virtually all skill beyond about

15 days, yet numerical forecasts for
the following few months can still
be issued. What makes it possible
to predict the climate at seasonal
time-scales when it is not possible to
predict the weather? The evolution of
the atmosphere depends on its initial
state and on forcing imposed on the
atmosphere by external sources such
as the Sun and oceanic or continental
surfaces. To forecast the weather
over the next few days, the primary
focus is on forecasting the change
of the atmosphere from its initial
state. To forecast the climate over
the coming few months, the focus has
to be on how the atmosphere is likely
to be affected by external forcing
mechanisms. Because the evolution of
these external constraints is generally
slow and typically predictable on a
range of a few months (most notably
for the se-surface temperatures), the
effects on the atmosphere can be
anticipated to some extent.
The skill at these longer time-scales
comes from averaging the forecasts
over time (Figure 1). The aim is not to
forecast the precise weather on any
specific day, but rather the average
weather conditions over a number
of days. In effect, it is the large-
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Figure 1 — Anomaly correlation coefficients of daily forecasts (S1) of Z500 over the
northern hemisphere (reference dataset ERA 40) using a general circulation model at
a resolution of ~300-km mesh, along with those at the monthly scale (S2), seasonal
scale (S3) and seasonal-scale ensemble-based forecast (S4), indicating a progressive
increase in skill. The green horizontal line indicates 95 per cent statistical significance
level for the correlations.
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scale behaviour of the atmosphere
that is predicted and that is affected
by the forcing mechanisms, rather
than the small-scale features of the
atmosphere that are subject to rapid
changes and are impossible to predict
precisely.

Accounting for and
communicating
forecast uncertainty
Because of the long lead-times
involved in seasonal forecasts,
the uncer taint y in the forecas t
is substantial compared to that
for weather forecasts and so it is
important to communicate the degree
of uncertainty in the forecast. To do so
reliably, it is necessary to understand
the sources of the uncertainty. The
first source comes from the imperfect
knowledge of the current state of the
climate system.
A forecast involves predicting the
future evolution of the current state
of the atmosphere; if we do not
know what the current state is, the
forecast will inevitably be imperfect.
Our imper fect knowledge of the
current state of the atmosphere is
due partly to the inadequacy of the
network of observations, and also
because of obser vational errors
where measurements are made.
Further errors are introduced when
these obser vations are used to
construct a description of the current
state of the climate system through
the assimilation systems. To take
account of these uncertainties in the
initial conditions, several forecasts
are made, each one representing a
different estimate of the initial states
for the climate system. This procedure
leads to an ensemble of forecasts, and
the individual ensemble members
typically indicate different seasonal
climate conditions.
Further uncertainty is introduced
because of the imperfect nature
of the models used to make the
predictions. The models have to
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simplify the real climate system,
for example by discretization and
parameterization, and therefore
introduce uncer tainties into the
predictions. These uncertainties are
best represented by using results
from several models in a multi-model
ensemble. Thirdly, the climate system
itself has an inherently unpredictable
component.
Because of all these uncertainties,
a single prediction would represent
only one of numerous equally valid
predictions. Ensembles of predictions
are therefore usually summarized in
the form of a probabilistic forecast.
Although there are a number of ways
of summarizing the various possible
outcomes, the most commonly used
method is to indicate the probability
that the observed climate will be within
each of three categories defined using
the terciles of the climatological data,
namely above normal, normal and
below normal. This format is being
adopted in all RCOFs.

Seasonal forecast
products and skill levels
By far the most common seasonal
forecas t produc ts are those of
seasonal mean temperature and total
rainfall, but other seasonal products
are produced at many climate centres
worldwide. Examples include tropical
cyclone activity over the main oceanic
basins and predictions of non-climate
variables such as streamflow in some
of the RCOF regions and malaria
epidemic risk (Guofa et al., 2004;
Thomson et al., 2005) over southern
and eastern Africa. Tropical cyclone
forecasts are issued, using statistical
and numerical models; multi-model
approaches appear to be particularly
effective.
Because of the probabilistic nature
of seasonal predictions, evaluations
of predictability have to be made
using a long set of forecasts. For
statistical models, these evaluations
are computed using some form of
cross-validated procedure to generate

“predictions” for previous years; for
numerical modelling, “hindcasts” are
generated. For statistical procedures,
it is relatively easy to generate the
cross-validated predictions as long as
observational data are available, but
it is very difficult to ensure that these
cross-validated predictions do not look
better than the predictions actually
made in real-time. For the numerical
models, it is much harder to make the
hindcasts because of computational
expense and because of the need for
much richer observational data, but
it is easier to get a realistic estimate
of the skill of the real-time forecasts
than for the statistical models.
At present, the skills of statistical
and numerical seasonal models are
similar. With better observations
of the climate system, however,
better assimilation schemes and
better representation of the climate
system’s components, the numerical
models have the greatest potential
for improving current skill levels.
The table opposite (from Palmer
et al., 2008) presents the Brier Skill
Score (BSS) for the main parameters
(temperature and rainfall) and regions
of the globe of the one-month lead
seasonal forecasts from the DEMETER
multi-model experiment. The BSS is
computed separately for forecasts
of above-normal conditions (above
the upper tercile) and below-normal
conditions (below the lower tercile).
Positive underlined values indicate skill
significantly “better than climatology”,
while negative underlined values
indicate skill significantly “worse than
climatology”. It should be noted that
negative values do not necessarily
mean that the forecasts are bad,
simply that errors in the reliability
of the probabilities are larger than the
resolution of the predictions.
Some broad generalizations about
the s k ill c an b e mad e. Fir s tl y,
temperature is more predictable
than rainfall. Most of the models
fail in capturing rainfall variability
over land areas (with exceptions in
a few regions such as the Amazon
Basin). Precipitation is particularly

Forecast quality of the DEMETER multi-model seasonal forecasts in terms of Brier Skill Scores (BSS multiplied by 100) for
near-surface temperature and precipitation in June, July and August (JJA) and December, January and February (DJF) for
21 standard land regions and below-normal ( ET− ( X ) ) and above-normal ( ET+ ( X ) ) categories. The scores have been computed
over the period 1980-2001 using seasonal means from one-month lead ensembles starting on 1 May (JJA) and November
(DJF). Bold underlined numbers indicate scores which are significant (both positive and negative) with a probability higher
than 90 per cent (Palmer et al., 2008).
2m Temperature
Regions

JJA

DJF

ET− ( X )

ET+ ( X )

Australia

10.7

Amazon Basin
Southern South America
Central America

Precipitation
JJA

ET− ( X )

E P− ( X )

ET+ ( X )

10.1

1.3

-0.4

-1.3

14.4

9.1

23.4

25.7

8.5

8.2

-1.2

12.1

9.9

DJF
E P+ ( X )

E P− ( X )

E P+ ( X )

-2.5

-3.1

-3.6

2.2

2.1

9.5

8.9

1.8

7.8

5.0

-0.7

-2.8

14.8

6.3

2.6

-0.7

8.7

8.5

Western North America

6.5

7.7

3.9

2.3

3.2

5.5

-0.6

0.0

Central North America

-4.1

-3.6

-7.5

0.3

-1.8

-7.0

3.7

5.3

Eastern North America

0.6

5.7

4.1

9.5

-4.5

-8.3

9.2

6.0

Alaska

3.0

2.1

0.0

-0.7

-0.1

0.3

2.4

4.9

Greenland

3.6

4.2

8.0

5.8

-1.4

-0.5

-2.1

-2.0

Mediterranean Basin

7.6

10.7

3.2

3.2

-0.5

0.1

1.6

-0.9

Northern Europe

-4.4

-4.2

4.8

2.9

-1.0

1.9

-1.1

-0.9

Western Africa

10.4

11.8

18.1

17.2

-1.6

-2.0

-4.9

-3.5

Eastern Africa

12.6

5.8

13.3

10.3

0.1

-0.3

1.2

0.6

5.6

-1.1

15.9

15.7

0.7

-1.2

5.4

3.6

Southern Africa
Sahara

7.6

7.4

6.9

3.9

-2.6

-4.8

-2.7

-2.7

10.7

5.9

8.7

18.1

14.7

10.3

3.4

2.5

East Asia

4.7

7.9

10.8

10.0

0.6

-1.0

-1.6

-0.9

South Asia

4.9

13.1

7.6

8.6

-1.6

-3.0

2.0

0.5

Central Asia

0.8

3.8

1.3

-0.4

0.5

0.1

-3.1

-3.6

Tibet

10.7

10.1

23.4

25.7

-1.1

0.0

9.5

8.9

North Asia

14.4

9.1

-1.2

1.8

-1.3

-2.5

-0.7

-2.8

South-East Asia

difficult to predict because of its
highly localized nature. While not
shown in the table, recent results
suggest that rainfall frequency may
be more predictable than rainfall
total. Secondly, the predictability of
the tropical atmosphere at seasonal
scales is greater than that of the
temperate atmosphere (again with
some exceptions such as the high
skill over the Tibetan plateau). This
is because of the greater sensitivity
of the atmosphere in the tropics to
external forcing compared to midlatitudes. Thirdly, there is some
seasonality to the predictability of
the seasonal climate, with generally
greater skill for December-February

(DJF) than in the June-August (JJA)
season. The dif ference is mos t
notable for rainfall in the tropics.
The greater predictability in the
DJF season is partly related to the
seasonality of the El Niño-Southern
Oscillation (ENSO), which is the main
source of seasonal predictability
and which peaks typically at this
time of year. For similar reasons, in
eastern Africa, for example, higher
skill has been noted during OctoberDecember than March-May.
Currently, there are few estimates of
the quality of seasonal forecasts that
have been released by the RCOFs
to the general public, primarily

because, in most cases, the forecasts
have been issued operationally only
for about 10 years. Of late, through a
joint project led by the African Centre
of Meteorological Application for
Development in collaboration with
the International Research Institute
for Climate and Society (IRI), the
Southern Afric an Development
Communit y-Drought Monitoring
Centre and the Intergovernmental
Authority on Development Climate
Prediction and Applications Centre
(IPAC), some verification analyses of
RCOF products are being conducted,
and standards for the verification
of operational forecasts are being
defined under the auspices of the
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with some analogues of past years
falling within the same forecast
category. This has enabled some
users to relate the RCOF products to
some past sector-specific impacts.
It has, however, been noted that
such comparison may sometimes
be misleading without the existence
of good baseline data.

WMO Commission for Climatology.
Standards for the verification of
hind c as t s are in pla c e and are
detailed in the WMO Standardized
Ve r i f i c a t i o n Sy s t e m f o r L o n g Range Forecasts (SVSLRF). The
SVSLRF verification results for all
Global Producing Centres of longrange forecasts are made available
through the Lead Centre for SVSLRF
Website (http://www.bom.gov.au/
wmo/lr f vs/). The Website shows
skill levels for model hindcasts.
Research to improve the skill of
seasonal forecasts is an ongoing
ef for t, but some significant
advances have already been made by
combining numerical and statistical
approaches. For example, by using
downscaling methods, corrections
can be made for some spatial biases
in the numerical model outputs which
can effect substantial improvements
in the skill of the forecasts. Further
improvements can be made by using
statistical procedures that account
for the dependence of the model
skill on the forecast. For example,
over New Caledonia, skill is higher
during La Niña compared to El Niño
or neutral conditions.

98 | WMO Bulletin 57 (2) - April 2008

Increasing and
diversified user needs
Climate information needs of users
depend largely on the intended
areas of application, and can vary
significantly from sector to sector:
a construction industry may require
some simple climate risk maps; a roofwater harvesting activity may require
only cumulative risk of a water tank
not being filled within a given season;
a farmer may require not only the
risk of achieving certain cumulative
precipitation totals, but also the
temporal distribution of cer tain
threshold values that would satisfy
water requirements for various crop
growth stages; a disaster manager
may be interested in knowing the
risk of a cyclone eye passing over
a city, etc.
It was noted in the previous sections
that most RCOF products are
probabilistic in nature and many
users find serious dif ficulties in
using such products, especially in
developing countries. Some attempts
have been made to compare the
released seasonal climate outlook

Some recent reviews of the RCOF
p r o c e s s have s how n tha t t h ey
have played a significant role in
capacit y-building in many par ts
of the glob e (IRI, 20 0 6; Pa t t et
al., 2007; Berri et al., 2000). The
Forums have also helped develop
links between climate scientists,
e n d - u s e r s an d o the r p ar t n e r s ,
espe cially in Africa. They have
stimulated interest in, and created
recognition of, climate needs in
addressing regional challenges
for coping with climate variability
and adaptation to climate change.
Several limitations have, however,
been noted that include:
•

Dif ficulties in the use of
probability-based products;

•

Low level of understanding of the
seasonal-to-interannual climate
forecasts by the users;

•

Limitation in many users’ ability
to define their own specific
needs for climate forecasts and
information;

•

Some users are unaware of the
products and services available
through the RCOFs and national
climate outlook forums;

•

Unreliabilit y of some of
t h e avail a b l e s e r v i c e s a n d
untimely attention to the user’s
climate-related vulnerabilities
and sensitivitie s, including
updates, evaluations, followups to proposed changes and
improvements;

•

Dissemination modes of products
and information are beyond the
reach of many users.

Some at tempts are being made
in some regions to develop
multidisciplinary pilot projects to
enable climate scientists and users
to address how best to downscale and
interpret RCOF products for sectorspecific uses and also to address
issues related to cost-benefits. Some
of the lessons gained from these pilot
projects and other good practices
in the uses of RCOF products are
reviewed below.

Cost-benefit
assessments of seasonal
climate predictions
It is not difficult to demonstrate that
skilful forecasts are not necessarily
useful in the sense of providing the
potential for a user to benefit from
the forecasts in some way. Par t
of the difficulty is that there is an
additional loss in skill as the climate
forecast is converted into forecasts
of the impacts, but also the various
constraints in terms of the decisions
that can be made (including their
costs, practicalit y and ef ficacy)
can make skilful climate forecasts
valueless (or worse). Therefore, in
addition to estimating the skill of
forecasts, the value of forecasts
needs to be determined. There are
two broad approaches to estimating
the value of forecasts: ex-post and
ex-ante evaluations. An ex-post
evaluation calculates the benefit
achieved from forecasts already
released considering decisions that
were actually made and essentially
answer the question of what value has
actually been realized. In contrast, exante evaluations calculate the value
of forecasts that could have been
realized using the forecasts if a set
of rational decisions had been made in
response to the forecast information,
and thus answers the question of what
value can be realized.
By far the greatest attention has
been placed on ex-ante evaluations.
Meteorologists have developed some
verification scores that attempt to

estimate the potential economic value
of forecasts. The most commonly
used metric is the economic value
score, which is based on the cost-loss
model. The cost-loss model compares
the savings made by mitigating the
impact of a climate event by taking
precautionary action against the cost
of taking such action. The model thus
effectively compares the savings
achieved by using correct forecasts
with the costs and losses incurred
when the forecasts are incorrect.
Since the relative values of the costs
and losses are not uniquely defined,
the economic value score is used to
integrate the potential value of the
forecasts over all possible cost-loss
ratios.
The cost-loss model is a simple
and didactically useful model for
indicating the potential economic
value of forecasts, but is too idealized
to give a realistic indication of the
actual value of forecasts to many
u s e r s . A s a hi g h p r i o r i t y, t h e
meteorological community needs
to work closely with the applications
communities to estimate the actual
value of the forecasts. However, just
as focusing on the skill of the RCOF
forecasts without considering their
value could be considered blinkered,
so also a focus on the economic
value of the RCOF forecasts to date
provides an incomplete assessment
of the value of the RCOF process.
For one, economic estimates of
forecast value ignore the social
value that can be realized: how
does one estimate the value of lives
saved through the prevention of a
malaria epidemic, for example? But
apart from considerations of how
the availability of forecasts may
enable improvements in climate
risk management, the benefit of
development of the RCOF process
itself needs to be recognized. Even
if the RCOF forecasts to date were
shown to have had no skill at all,
the process has been valuable in
strengthening the capability of the
climate ser vices of many NMSs
throughout the developing world,

and creating the potential to provide
imp r ove d c lim a t e in f o r m a t i o n
(forecast and otherwise) in the future.
It has also helped to establish and/or
strengthen a dialogue between the
forecast and user communities that
will facilitate more effective climate
risk management in the future.

Applications of
RCOF products
The RCOF process has facilitated
a b e t te r un d e r s t an din g o f t h e
links between the climate system
and socio-economic activities. An
increasing demand for climate
s er vic e s has b e en re c orded in
many parts of the world as a result
of these developments. Awareness
ha s b e e n c r e a te d tha t c lima te
information, including short-range
climate predictions, is an essential
element in dealing with the impacts
of climate variations. RCOFs have
fostered interactions and exchange
of information between the climate
scientis ts and user s of climate
information. More importantly, they
have facilitated the mainstreaming of
regional cooperation and networking
and effectively demonstrated the
immense mutual benefits of sharing
information and experience.
RCOFs have made a significant
contribution to the improvement
of the quali t y of the s ea s onal
rainfall outlook , as well as it s
communication to the users. The
interaction of climate scientists
and users from various sectors has
improved the dissemination and
applications of climate information
and prediction products in the region.
Since their inception, the forums
have demonstrated that climaterelated risk-management strategies
through the optimum use of climate
in f or ma tion and p r o du c t s c an
contribute enormously to sustainable
development in the region. The close
interaction between the providers
and users of climate information and
prediction products has enhanced
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Figure 2(a) — Greater Horn of Africa Consensus Climate Outlook
for March to May 2008 by ICPAC and partners including WMO
and IRI
feedback from the users to climate
scientists. Such interactions have
catalysed the development of many
user-specific products.
Climate extremes in some regions
are associated with ENSO. ENSO
prediction and early warning products
continue to benefit the various
socio-economic sectors through the
provision of early warning information
for timely sectoral mitigation against
extreme climate events. Based on
ENSO and other RCOF information,
vulnerability assessments are done
and some at tempt s have been
made to put in place sector-specific
contingency plans for intervention.
Some of the s e have trigger e d
new disaster-risk reduction policy
discussions.

Agriculture and food security
Regional agriculture and food security
outlooks are now regularly produced
after the climate outlook forums in
some regions. In the Greater Horn
of Africa, based on RCOF climate
outlooks, food security outlooks are
provided by the US Famine Early
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Figure 2(b) — Food Security Outlook for March to July 2008 by
Famine Early Warning Systems Network (FEWSNET)

Warning System, the World Food
Programme, the United Nations Food
and Agriculture Organization and
national experts (Figure 2(a) and
2(b)).

three out of four years compared to
just one out of five years without any
forecast information. (Julie and Céron,
2007).

Public health
Water resources
Climate information is critical in
all components of water resources
a s s e s s ment , development and
planning including early warning of
hydrological extremes.
Figure 3 provides the prediction of
the natural flow of the Senegal River
at Bakel (Senegal) in September and
October. The management of the
Manantali dam (Mali), till the end
of the next rainy season, is based
on the flow forecasts derived from
the downscaled forecasts of rainfall
provided by a General Circulation
Model (ARPÈGE). This information,
coupled with optimization manage
ment software, brings the energy
production optimization up to near
35-40 per cent and the artificial flood,
allowing an area of 50 000 ha for flood
recession farming, is guaranteed in

Many diseases are indirectly or directly
associated with climate. Vector-borne
diseases are sensitive to changes
in meteorological parameters such
as rainfall, temperature, wind and
humidity. These include malaria,
dengue and Rift Valley Fever (RVF).
Extreme climate events can trigger
rampant outbreaks of waterborne
diseases such as cholera and typhoid
in areas where they are not common.
Some efforts are now being made
to provide warning of changes in
epidemic risk by integrating rainfall,
temperature and other non-climate
information. For example, Malaria
Outlook Forums (MALOFs) are now
regularly held in association with
RCOFs in southern Africa and the
Greater Horn of Africa (Pascual et
al. 2006). The information developed
jointly by climate and health
experts in these sessions, together
with information on population
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Figure 3 — Prediction of the natural flow of the Senegal River at Bakel (Senegal) in September-October. The left panel show shows
forecast flow values in relation to observed flow values (black dots for the calibration period 1979-2000 and red dots for the operational
period 2001-2006). The right panel shows the forecast and observed natural flow time series for the entire data period 1979-2006.

vulnerability, food security, immunosuppression and adequacy of
control coverage, gives the health
community a longer lead-time over
which to optimize the allocation of
the resources available to combat
malaria.

Outreach and
communication
Education and awareness creation
is now a core component of RCOFs
in some regions. Some regions have
also acknowledged the role of the
media in demystif ying technical
climate/weather jargons. National
and regional interactive workshops
between the media and the climate
scientists have been undertaken in
close coordination with the RCOFs.
In the Greater Horn of Africa, for
example, climate and media experts
have organized themselves into a
regional network called the Network
of Climate Journalists of the Greater
Horn of Africa.

Conclusions
O ver the la s t 10 year s, RCO Fs
have p laye d a s igni f i c an t r ol e
in capacit y building in seasonal
climate prediction over many parts
of the globe. The Forums have also

helped catalyse linkages among
meteorologists, users, governments,
NGOs, universities and international
climate institutions. RCOFs have
stimulated interest in the impacts
of climate variability and change.
Some of the forums have targeted
certain users with whom specific
products could be developed and
specific data on benefits of the
services/products assembled. They
have further demonstrated that the
climate products, if successfully used
in decision-making processes, can
improve user outcomes. Several
challenges still remain, not only
in providing the required RCOF
pro du c t s on time and in us erfriendly formats, but also regarding
the re gional pro c e s s e s for the
improvement of local prediction
products. The benefits of the RCOF
products are also not being assessed
adequately.
NMHSs, the regions and the users
of the products must contribute to
the sustainability of RCOFs (e.g.
demonstrate utility of the forums and
value of the products to those who
need the information). Additionally,
research capacities at the regional
level need to be enhanced in order to
assess the forecast skills as well as
to work towards their improvement.
The media have an important role

to play in the RCOF process, which
needs to be sustained and actively
promoted.
While the RCOFs were originally
conceived with the main focus on
seasonal prediction, the same RCOF
mechanisms can be ef fec tively
expanded to cater to the needs of
developing and disseminating regional
climate change information products.
Such initiatives are already being taken
up by some RCOFs (e.g. the Greater
Horn of Africa). Regional assessments
of observed and projected climate
change, including the development of
downscaled climate change scenario
products for impact assessments,
can be included in the produc t
portfolio of RCOFs. These aspects
have already been noted by the United
Nations Framework Convention on
Climate Change Subsidiary Body for
Scientific and Technological Advice
and constitute key elements of WMO’s
contribution to the Nairobi Work
Programme on impacts, vulnerability
and adaptation to climate change.
RCOFs, with their demonstrated
capability of providing regionally
c o n s i s t e n t a n d u s e r- t a r g e t e d
climate information, mos tly on
climate variability at present but
also progressing towards climate
change aspects, are thus uniquely
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placed to contribute to decisionmaking at regional, national as well as
sector levels on adaptation to climate
variability and change. Improved
research, specialized human and
technical capacities and user liaison
are required to be sustained at regional
levels for enhanced understanding of
the regional climate processes and
climate linkages with the regional
specific socio-economic impacts,
vulnerability, and the development
of adaptation strategies. Concerted
support at the local, national, regional
and global levels is most essential for
these activities, to strengthen and
sustain the RCOF processes and pave
the way for climate adaptation.
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The adaptation imperative: is
climate science ready?
Xuebin Zhang1, Francis W. Zwiers2 and Thomas C. Peterson3

The improving
understanding of
climate change
The Nobel Peace Prize winning
Intergovernmental Panel on
Climate Change (IPCC) reports that
“warming of the climate system is
unequivocal” and that “most of the
observed increase in global average
temperature since the mid-20 th
century is very likely” human-induced
(IPCC, 2007(a)). This assessment is the
result of many decades of work by the
world scientific community. The IPCC
published its First Assessment Report
in 1990. It concluded that:
•

•

Human activities had substantially
in c r e a s e d t h e a t mo s p h e r i c
concentration of greenhouse
gases;
The amount of global warming
was broadly consistent with
climate model predictions, but
was also of the same magnitude
as natural climate variability;

•

Unequivocal detection of the
enhanced greenhouse effect was
not likely for a decade or so.

The Second Assessment Report (IPCC,
1996) concluded that the balance of
evidence suggested a discernible
human influence on global climate
and that the climate was expected
to continue to change in the future
although there were s till many
uncertainties.
This was followed by the Third IPCC
Assessment Report in 2001, which
s tated that there was new and
stronger evidence that most of the
warming observed in the second half
of the 20th century was likely due to
human activities.
Seventeen years after the release
of the First Assessment Report,
the IPCC in its Fourth Assessment
Report assessed with clarity the role
of anthropogenic greenhouse gases
in warming the climate system on
global and continental scales.
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Canada, Xuebin.Zhang@ec.gc.ca, Member of the Joint CCl/CLIVAR/JCOMM Expert Team
on Climate Change Detection and Indices
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Global warming is now evident, not
only in the observations of global
average air and ocean temperature
increases, but also in the widespread
melting of snow and ice, rising global
average sea level, and increase in
temperature extremes. In addition,
human influence on temperature
is detected at continental, sub continental, and even regional scales.
Detectable changes associated with
warming are also observed in other
components of the climate system,
such as the global atmospheric
circulation (Gillett et al., 2003), the
global distribution of precipitation
over land (Zhang et al., 2007), humidity
(Willett et al., 2007; Santer et al., 2007)
and the regional hydrological cycle
(Barnett et al., 2008). The evidence
also sugges ts that widespread
changes in the temperature and
other aspects of the climate system
are now affecting many physical and
biological systems on all continents
(IPCC, 2007(b)).
Despite the very significant advances
that have been made, much work
remains to be done. It remains
necessary to quantify the role of
human influence on the climate system
on smaller scales and on aspects of
the climate system not directly related
to warming. In addition, it is becoming
increasingly important for the global
community to have better information
on past, present and future climate
in order to adequately adapt to a
changing climate.
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Mitigation and
adaptation
It is increasingly evident that action
is required to limit the extent and
impacts of human-induced climate
change. Mitigation, the reduction of
anthropogenic forcing on the climate
via the reduction of greenhouse gas
emissions to the atmosphere and
other means, is essential to reduce,
delay or avoid impacts in coming
decades. However, the ef fect of
mitigation is not immediate, since
the greenhouse gases emitted to the
atmosphere in the past will remain
in the atmosphere for a long time,
resulting in an unavoidable warming
over the next 30-40 years and beyond
(IPCC, 2007(a)). Thus, irrespective of
whatever mitigation might be taken,
adaptation to a changing climate will
be required—an inevitability that
has been termed the “adaptation
imperative”.
Adaptation will not alter the course
of climate change, but it is required
to minimize its adverse impacts. For
example, railroad tracks can buckle
during ex tremely hot weather.
However, steps can be taken when
laying railroad track that can raise
the threshold temperature at which
they buckle (Peterson et al., 2008). If
undertaken, this would be an example
of adaptation to anticipated climate
change. Some planned adaptation to
climate change is already occurring
on a limited basis. For example, the
design of the 13-km long Confederation
Bridge, which was opened in 1997 and
connects Prince Edward Island to the
Canadian mainland, takes into account
the possibility of a 1-m sea-level rise
due to climate change. Nevertheless,
much more extensive adaptation than
is currently occurring is required to
reduce vulnerability to climate change
(IPCC, 2007(b)).
A key question decision-makers ask
before commencing an adaptation
measure is what climate should they
adapt to? There is, unfortunately,
no easy answer to this question as
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there are still uncertainties and many
unknowns related to changes in the
climate and climate extremes that
are highly relevant to the impacts
of climate change and, therefore,
to adaptation. This includes critical
limitations in our ability to monitor
climate change globally and regionally,
i.e. to observe the climate and to
document the changes that have
already taken place and are currently
taking place.
Impacts resulting from climate change
occur typically on regional or local
scales and very often result from
extremes in weather and climate.
For example, the 2006 drought in
China was the worst in over 50
years, affecting tens of millions of
people. The deadly 2003 European
heat wave resulted in many deaths
related to the heat and air pollution,
including more than 14 800 deaths in
France alone (Pirard et al., 2005). The
summer of 2007 was the wettest ever
observed in the United Kingdom with
floods causing widespread damage.
With increasing global temperature,
changes in regional and local weather
and climate extremes that cause
adverse impacts will occur more
frequently. Effective adaptation to
changing weather and ex tremes
requires not only more and better
information about future changes in
climate from improved climate models,
it also requires better monitoring of
current climate and more information
about past climate change.

Adaptation needs
reliable climate
change information
Unfortunately, climate science does
not yet provide all the information
needed for adaptation. Our
understanding of climate change on
the scales at which we can adapt is
perhaps not much better than our
understanding of global climate
change at the time of the IPCC First
Assessment Report (IPCC, 1990).
What seems certain about is that

human activities have changed the
global climate, that climate change
will continue and that the related
changes at regional and local level will
cause adverse impacts. Extremes can
have positive or negative effects. On
balance, however, because systems
have adapted to their historical range
of ex tremes, the majority of the
impacts of events outside this range
are expected to be negative.
Several factors have contributed
to the large uncer tainties in our
understanding of past and current
c hang e s in r e gional and lo c al
climate. It is evident from the Fourth
Assessment Report (IPCC, 2007(a))
that there is need to improve climate
models, particularly on regional and
local scales. However, a great deal of
fundamental work is also required
to increase our ability to document
and monitor current and past climate
change in order to bridge the gap
between the information needed for
effective adaptation and the available
science. For example, a projection
of an increase in the future risk of a
certain type of extreme event, such
as the 20-year 24-hour rainfall event
(Kharin et al., 2007; see box opposite)
becomes more useful when designing
new infrastructure if we are also able
to confidently estimate the size of such
an event in the current climate.
Continuing scientific research and
climate monitoring is critical for better
understanding the causes of current
climate change and its impacts, and
for providing the information needed
to inform adaptation decisions. As
is apparent from the IPCC’s ability
to assess climate change and its
impacts in different parts of the world
(see for example, Christensen et al.,
2007), the science is advanced most
effectively for the benefit of all users
when knowledge and information
are exchanged internationally and
openly. This requires enhanced
climate monitoring, renewed
resolve to exchange current and
historic weather and atmospheric
composition data internationally
under WMO Resolution 40, and also

Building on past climate knowledge
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Projected waiting times (left) for late 20th-century 20-year return values of annual maximum 24-hour precipitation
rates in the mid-21st century by 14 global climate models that contributed to the IPCC Fourth Assessment
Report, for different regions (right) as defined under different emission scenarios (adapted from Kharin et
al., 2007). Three global domains (GLB: the entire globe; LND: global land areas; and OCN: global ocean areas)
are also considered.
The projected changes in waiting time are summarized in a “box and whiskers” display for each region. Each
box and whisker display consists of a coloured box with lines (whiskers) extending above and below the
box. The vertical extent of the whiskers in both directions describes the range of changes projected by all
14 climate models used in the study. The boxes indicate the central 50 per cent of model projected changes,
and the horizontal bar in the middle of the box indicates the median projection amongst the 14 models (seven
models project waiting times longer than the median and seven models project waiting times shorter than
the median). Although the uncertainty range of the projected change in extreme precipitation is large, almost
all models suggest that the waiting time for a late 20th century 20-year extreme 24-hour precipitation event
will be reduced to substantially less than 20 years by mid-21st century, indicating an increase in the extreme
precipitation at continental and sub-continental scales under all three forcing scenarios.
Armed with such information, engineers who design projects to construct stormwater-handling systems and
other types of hydrological infrastructure would be able to include adaptation in their project recommendations.
Such recommendations would presumably strike a balance between possible increases in risks from more
frequent extremes, and the additional costs that are associated with building structures capable of dealing with
larger water quantities than would be suggested by extreme value analyses based only on currently available
climate and hydrological data. The overall risk involved in such an adaptation is relatively modest, particularly
if the incremental cost of accommodating increased risks from projected climate change is small: should the
risk of extremes not increase (which seems unlikely given current projections (IPCC, 2007)) the infrastructure
will simply offer more protection against present day extremes and be more durable than anticipated since
it will experience extremes that exceed its design capacity less frequently than anticipated.
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the training of a new generation of
climate scientists around the world
especially in developing countries and
Least Developed Countries. Enhanced
monitoring and research will bring
us a better understanding of past
and current climate change and its
causes, better climate predictions and
reduced uncertainties in projected
climate change.
The continued accumulation of
basic climate data is vital to the
understanding of past and current
climate change, to improving pro
jections that are well constrained by
past observed changes and to devel
oping adaptation strategies that,
first and foremost, ensure that new
infrastructure and systems are well
adapted to current climate change.
Climate monitoring, as prescribed in
the Second Report on the Adequacy
of the Global Observing Systems
for Climate in Support of the United
Nations Framework Convention on
Climate Change (WMO/TD No. 1143) of
the Global Climate Observing System,
is therefore absolutely necessary. It
provides important intelligence as
we navigate in the more uncertain
world of climate change in near-realtime and attempt to adapt to those
changes effectively and in the most
cost-effective manner.
Yet, in many places around the world,
current climate monitoring networks
are inadequate to document regional
and local climate change. Moreover,
monitoring networks in many parts
of the world have been deteriorating
since the 1990s. Given the looming
adaptation imperative, it is urgent
t h a t t hi s d e c lin e b e r e ve r s e d .
M o r e o v e r, i n s o m e c o u n t r i e s
basic clima te ar chive s of such
important variables such as daily
precipitation and temperature are
highly vulnerable to permanent loss
and damage because they are still in
paper form. In addition, even where
digitized, archives have not always
been properly quality controlled
and organized. These fundamental
problems, together with restricted
access, have prevented the data
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Climate change detection and indices
workshops
An Expert Team on Climate Change Detection and Indices (ETCCDI) workshop
involves participants from neighbouring countries and several well-qualified
experts from around the world to provide guidance on the analysis of climate
data. ETCCDI provides software for the data analysis. Computers for the
participants were also provided by sponsoring agencies for some workshops.
A workshop typically starts with each participant presenting information on
the climate of their country as well as their daily precipitation and temperature
data. The participants then learn data quality control and homogenization
procedures, and conduct the computation and analysis of climate indices. At
the end, the participants give a brief presentation on their national results, and
an expert collates the results and gives an overview of the trends and variability
in extremes across the whole region. The benefits of working across national
borders become obvious when similar results from neighbouring countries
verify the analyses. The workshops are enhancing the capacity of countries to
extract important climate change information from their long-term daily data,
as well as fostering regional collaboration in climate analyses.

Participants improving their capacity to process climate change data and
interpret the results at the Expert Team on Climate Change Detection and Indices
Workshop for Central Africa (23-27 April 2007, Brazzaville, Congo)

from being used in climate analysis
to the benefit of all. Experience
show s tha t inve s tment s in the
digitization, qualit y control and
op en dis s emina tion of clima te
data inevitably increase the value
and utility of climate data. It is an
almost impossible task to develop
an effective adaptation strategy if
one does not know the past climate
sufficiently well since the past serves
as the baseline of comparison for
projected climate changes.

Adaptation needs local
expertise, regional
climate information,
and open exchange of
knowledge and data
Adaptation is implemented at regional
and local levels by stakeholders who
often do not have training in climate
science. Climate, climate change,

and vulnerabilities to climate change
differ from one region to another,
and thus it is obvious that regionally
and locally specific climate change
information is required for adaptation.
Adaptation is also a slow process,
involving considerable outreach and
education to ensure that climate and
climate change information is included
in the adaptation decision-making
processes. With the advancement in
climate science, and increasing human
influence on climate, regular evaluation
of regional and local climate change
should provide better insight into the
regional climate and as a result, less
uncertainty for future projections,
making adaptation measures more
effective. NMHSs should therefore be
an integral part of informed decisionmaking in the adaptation processes
for their respective countries, since
they are best placed to provide the
knowledge about past and current
climate variability and change in their
regions. Experience throughout the
world shows that NMHSs benefit
enormously in this task when data,
inf or ma tion and ex p er tis e ar e
exchanged openly.
Adaptation to climate change is
crucial in all parts of the world but
especially in developing countries
and Least Developed Countries that
often lack the capacity to handle
adaptation along with multiple
related stresses. This occurs, in part,
because they do not have adequate
climate monitoring and research
capacity. Building scientific capacity
in developing countries is therefore
a key to successful adaptation to
climate change. Capacity building
should necessarily include the training
of local experts as well as science
and technology transfer, such as the
provision of necessary research tools.
WMO Regional Climate Centres can
play a role in transferring science
and technology such that necessary
expertise can be provided locally.
WMO and its Members have
played a major role in advancing
the understanding of climate
change and adaptation through

several internationally coordinated
programmes that link research,
monitoring, prediction, applications
and capacity building to user needs.
The WMO/ICSU/IOC sponsored World
Climate Research Programme, the
World Weather Research Programme,
t h e Glo b al Clima te O b s e r v in g
System, the Global Atmosphere
Wa t c h a t m o s p h e r i c c h e mi s t r y
programme and the World Climate
Programme support the generation
of scientific information for the IPCC
and other strongly related scientific
assessments as well as delivery of
applications to users.

relevant regional and local scales,
where climate science does not
currently meet many adaptation
needs. Renewed ef for ts that are
needed in climate science include
maintaining and improving climate
monitoring systems; a renewed
resolve to exchange climate data
and information internationally; and
continued capacity building in the
climate research community in all
nations to develop and communicate
the relevant climate science to
stakeholders and decision makers.

The Expert Team on Climate Change
and Detection and Indices (ETCCDI) is
one example of the many collaborative
efforts undertaken between these
programmes that involves volunteer
scientists from NMHSs and partners.
ETCCDI has contributed significantly
to the improved understanding
of changes in climate ex tremes
(Alexander et al., 2006). The ETCCDI
has been able to organize workshops
(see box on previous page) on climate
extreme indices in many different
parts of the world. These and other
WMO capacity-building programmes
should continue to be supported and
enhanced as it is urgent to deliver
climate science to every corner of
the world.
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Introduction
Monitoring changes in the Earth’s
climate is based on decades and
centuries of atmospheric and ocean
observations. Included among these
are century-long instrumental mea
surements of surface temperature and
precipitation and records of daily data
which are useful in understanding
c hang e s in the f r e quen c y and
severity of extremes such as heavy
precipitation events, drought and heat
waves.
Observed changes in the Earth’s
climate have been well documented in
numerous national and international
studies. In comparison with paleo
climatic data, the average northern
hemisphere temperatures during the
second half of the 20th century were
likely higher than any other 50-year
period in at least the past 1 300 years.
Global temperatures continued to
warm at the start of the 21st century.
The strong El Niño of 1997-1998 helped
push the global temperature to a

1	Climate Research Division, Environment
Canada, Canada
2	NOAA’s National Climatic Data Center,
USA
3	University Rovira i Virgili, Spain
4	Arizona State University, USA
5	Met Office, United Kingdom
6	Direction de la Météorologie Nationale,
Morocco
7	Meteorological Department, Malaysia
8	Deutscher Wetterdienst, Germany
9	University of Wisconsin-Milwaukee, USA
10	N ational Climate Center, China (ET2.2
chair)

record high. Other observed changes
of the past century include an increase
in heavy and extreme precipitation
events in many parts of the world,
rising sea levels, reductions in Arctic
sea ice, melting permafrost and an
increasing incidence of drought.
Projections indicate that these and
other trends are likely to continue well
into the future and, in some cases,
changes are projected to occur at
faster rates in the 21st century.

With its Commission for Climatology
( C C l ), W M O s t i m u l a t e s a n d
coordinates climate-monitoring
activities around the world and helps
build climate-monitoring capacities
in developing countries and Least
Developed Countries.
To take up the various challenges
in this area, CCl established during
its 14th session in November 2005,
in Beijing, China, the Expert Team
on climate monitoring, including
the use of satellite and marine data
and products (ET2.2) (http://www.
wmo.int/pages/prog/wcp/ccl/opags/
documents/ET2_2.pdf). It is one of
the two Expert Teams under the CCl
Open Area Programme Group on
Monitoring and Analysis of Climate
Variability and Change, which is cochaired by Thomas C. Peterson (USA)
and Manola Brunet-India (Spain). It is
responsible for providing guidance,
stimulating and coordinating climatemonitoring activities around the world
and helping to build related capacities
in developing countries.

During its first planning meeting
in September 2006 in Tarragona,
Spain, the ET2.2 defined a work plan
for the period 2006-2009 in which
a strong engagement was made in
advancing the use of satellite and
marine data and products in climate
monitoring activities.

The purpose of
monitoring climate
and weather events
Earth’s climate changes at different
time-scales, thus impacting numerous
societal, economic and environmental
aspects, including safety, health,
food security, tourism and energy.
The need to cope with, and adapt to,
these changes implies the need to
understand their causes, magnitudes
and extent and to predict their impacts.
Climate monitoring provides users
with the information they need for
effective planning and operations to
respond to climate variations in the
frequency, intensity and location of
extreme weather and climate events.
This is particularly true in the case
of heat waves, droughts, heav y
precipitation, flooding and tropical
cyclones (including hurricanes or
typhoons), because of their often
disastrous impacts on the socioecosystem (Figure 1).
For example, droughts can cause
reser voir and lake levels to fall
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Figure 1 – Clockwise from top left: the aftermath of the July 2007 flood in England; cyclone Sidr in Bangladesh (2007); Hurricane Katrina
in the USA (2005); and cyclone Larry in Australia (2006)

sharply, even to the point of becoming
completely dr y (Figure 2). Crop
yields and breeding stocks can be
dramatically reduced, resulting in
increased food prices, food shortages
and famine and even political conflicts.
At the same time, droughts frequently
result in decreased drinking-water
quality and availability, which puts
additional strains on human health.
Bushfires and duststorms of ten
increase during dry times, threatening
homes, crops and the lives of humans
and livestock. Droughts compound the
problem of limited water resources
which are being further strained
as populations grow and societies
develop, bringing with them greater
demands for food and water.
In addition to drought, other extreme
event s, such as major tropic al
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cyclones, heat waves and heavy rain
events can have profound impacts
on societies and economies. With
global warming, ex treme events
such as these are expected to occur
with greater frequency and severity.
Understanding how rapidly changes
in climate and coincident impacts are
occurring makes climate monitoring
of critical importance. For instance,
when a drought or severe heat wave
hits a city, government leaders want
to know if this is an occurrence of a
rare event (e.g. once in 100 years on
average) or a more frequent event
(e.g. once in 10 years) and whether
much worse events are possible
within a couple of decades, so that a
better plan (such as to increase their
reservoirs or water use efficiency and
to change water usage rules) can be
put in place.

The four CCl expert
priorities
With the increasing evidence for
c hang e s in c lima te dur in g the
recent decades, and projections of
continued and possibly more rapid
climate changes in the coming
decades, it is becoming more and
more important to monitor all areas
of the Earth’s climate system. The
need to monitor and understand
the changing state of climate is
further highlighted by the concurrent
increase in society’s vulnerability
that arises from societal changes and
development (e.g. greater numbers of
people relying on the same resource
base, greater densities in existing
and developing urban centres and

applications of remotely sensed
and in situ data for climate
monitoring and climate-change
detection within the marine,
terres trial and atmospheric
domains;

in vulnerable environments such as
coastal areas).
In recent decades, great advances
in obser ving te chnologies and
systems have provided the scientific
community with a rapidly increasing
array of in situ, satellite and marine
datasets. These have been applied
to operational climate-monitoring
programmes throughout all regions
and have significantly improved
c apabilities for obtaining realtime global climate conditions.
The increasing availability of new
products and tools, combined with
international collaboration and data
sharing, enable scientists throughout
the world to provide government
and private sector decision-makers
with better information more rapidly
than at any time in the past. Gaps in
capabilities exist between developed
and developing countries, however.
Together with Randall Cerveny, the
CCl Rapporteur on Climate Extremes,
and Mark D. Schwartz, an invited
expert on phenology, ET2.2 experts
have set the following four climate
monitoring priorities in the 2006-2009
work plan:
•

Applications of satellite and
marine data and other in situ
datasets: the goal is to promote
the end-to-end development of

•

•

•

Improvements in monitoring
global and continental extremes:
an immediate task is to create and
maintain an accessible database of
global and continental extremes,
with the Rapporteur on Climate
Extremes taking the lead;
Stimulation and coordination
of phenological practices and
promoting the use of phenological
da t a in c lima te - moni toring
activities;
Capability-building in climate
monitoring in developing
countries.

In the process of implementing these
priorities, a climate monitoring Website
(http://www.omm.urv.cat/) has been
developed to facilitate the sharing
of information, data and products. It
is hosted by the University Rovira i
Virgili, Spain. The Website will serve
in the future as a portal for discovering
climate-monitoring products useful
for National Meteorological Services
and their users. The portal will also pro
mote and provide access to e-training

materials and programmes developed
by experts and specialized WMO and
other international programmes.

Major CCl climate
monitoring projects
In order to address the four
aforementioned climate-monitoring
priorities, ET2.2 has developed
17 action items which comprise the
following three major projects:

Capability audit
A Web-based “capability audit” of in
situ and satellite data and products is
being considered. This project seeks
to develop an inventory on:
•
Dataset descriptions
•
Examples of dataset outputs
•
Known problems and issues
•
Data access points
•
Appropriate datasets developer/
maintainer contact points
•
Linkage with Global Climate
Observing System (GCOS) climate
data record requirements
•
Summary of missing climate data
record (datasets that are yet to
be developed under the GCOS
requirement).

Worldwide climate monitoring
The goal of this project is to promote
the capability of countries around the
world in climate monitoring through
the provision of training materials
and sharing of operational products
among National Meteorological and
Hydrological Ser vices (NMHSs).
This is being realized through the
W MO c lima te moni toring Web
page, with links to the information
on techniques and methodology
in climate monitoring and to the
Websites of various NMHSs issuing
their routine monitoring products and
climate watch bulletins.
•

Figure 2 — A shepherd with his flock in the bed of a dried-up river in northern China

Capacit y-building through
demonstration: the ET2.2 Website
will provide information sharing
on how dif ferent groups are
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Figure 3 – Website of
the WMO/CCl Expert
Team (ET2.2) on
Climate Monitoring
including the use of
Satellite and Marine
Data and Products
(www.senamhi.gob.pe)

monitoring the climate, together
with various indices (e.g. the
Palmer Drought Index) and makes
Web links to what is being done
by various countries;
•

Promote the work on plant
phenological observations and
up da te exis ting k now le dge
t hr ou gh t h e p ub li c a tion o f
relevant WMO technical docu
ment s, noting the need for
international standardization
(especially reference species)
and enhancement of international
collaboration. Through this
project, the experts will advise the
Commission on the issues facing
the phenological network and
propose a strategy to potentially
address these.

Improving the WMO climate
monitoring review
ET2.2 will also work on improving the
scientific understanding of the state of
the global climate through the annual
WMO state of the climate reports.
These reports highlight the benefits
of WMO Members working together
to monitor and improve the scientific
understanding of the global climate.
They include information on current
climate conditions and historical
changes for more than 20 essential
climate variables. These are contained
within chapters on global atmospheric
c ondi tions, o c ean sur fa c e and
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subsurface, tropical cyclone activity
in all basins, and conditions in the
polar regions.
Detailed discussions on notable
weather and climate conditions
and ex tr eme event s w i thin all
WMO Regions are also included
in the state of the climate reports.
These reports are prepared by a
large group of scientists in all WMO
Regions with leadership provided
by NOAA’s National Climatic Data
Center (NCDC). They are published
in the June issues of the Bulletin of
the American Meteorological Society
and by WMO.
While tremendous gains have been
made in ensuring that the state of
the climate repor ts are globally
c ompr ehensive, provid e e qual
perspectives to all Regions and
include contributions from scientists
around the world, ET2.2 has identified
three areas that should be addressed
to fur ther improve the series of
reports:
•

Translation of the state of the
climate reports into all official UN
languages, i.e. Arabic, Chinese,
French, Russian and Spanish:
efforts began with the 2005 State
of the Climate Report, which was
published in June 2006;

•

To clarify how authorship of the
climate reports is determined
and if additional expertise might

be available to support future
editions of the report: noting
their increasing impor tance,
as well as discussions held at
the last CCl session (Beijing,
November 2005), there is a need
to better publicize the process
for au thor ship s ele c tion to
ensure appropriate international
exper tise, par ticipation and
contributions. ET2.2 requested
a r eview of the au thor s hip
selection process.
	The review should help clarify
how the reports are created and
identify areas of expertise that
could help improve them. The
review article should be posted
on the US National Climate
Data Center State of the Climate
Website and linked to the WMO
climate monitoring Website.
	This effort to expand the number
of international scientists
contributing to the annual reports
led to the addition of more than
50 new contributing authors to
the 2006 report, bringing the
total number of authors to more
than 150;
•

Inclusion of new phenological
information in future reports:
European scientists who could
potentially make a contribution
have been identified and
contacted. New phenological
contributions are planned for the
2007 report.

A c hiev ing su c c e s s in all the s e
activities/projects will require co
ordination with other international
programmes and the preparation of
scientific overviews and guidelines
in climate monitoring, training,
education and capacity building.
Details of each action, the expected
products provided by ET2.2 and
the stage of completion may be
f ound a t h t t p: // w w w.omm.ur v.
cat / work-plan2.html. Additional
actions will be taken as other needs
are identified.

Figure 4 — The information provided through international climate-monitoring activities forms a basis for enhancing the scientific
understanding of climate variability and change and is an integral part of disaster prevention and mitigation, environmental protection
and sustainable socio-economic development.

The information provided through
international climate-monitoring
activities forms a basis for enhancing
the scientific understanding of climate
variability and change and is an
integral part of disaster prevention
and mi tiga tion, environment al
protection and sustainable socioeconomic development.
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Agrometeorological services
under a changing climate:
old wine in new bags
Title
by Kees Stigter*

Introduction
All agrometeorological and
agroclimatological information that
can be directly applied to try to
improve and/or protect the livelihood
of farmers in agricultural production
may be considered to belong to
agrometeorological services. This
improvement/protection applies to
yield quantity and quality and income,
while safeguarding the agricultural
resource base from degradation (e.g.
Stigter, 2007a).
Problem solving in the livelihood
of farmers needs increases in the
op erational use of knowledge.
This should be done by applying a
mixture of local knowledge, selected
science and appropriate policies into
actual agrometeorological services
supporting the decisions and actions
of producers, whatever climate
conditions and changes they face
(e.g. Stigter, 2006).
In developing countries and countries
in transition, responsibility to help
p oor f ar mer s help the ms el ve s
should be with governments first.
Governments and NGOs can,
however, work complementar y.
Governments must be able to leave
certain interests to those concerned,
organized in/by NGOs.

The lessons learned point towards
a need to, by all means, bridge the
gaps towards the livelihoods of
farmers. For any lasting success of
agrometeorological services, such
bridging should be funded, organized,
and permanently evaluated through
the training of intermediarie s .
Climate Field Schools (CFSs) appear
a most promising tool to face climate
change, which itself makes the above
only more necessary (e.g. Stigter,
2007b).
Civil servants at NMHSs, research
institutes and universities can make
weather “advisory” products of their
organizations more “client friendly”.
Whether other players, as extension
intermediaries, should be civil
servants or NGO-related depends
on the policies of the decision-makers:
government, institutes, NGOs and
farmers.
Training of intermediaries, estab
lishing CFSs and making client
friendly products are the new bags for
agrometeorological services. The old
wine has been on the shelves but must
now be presented differently with preexisting inequities among farmers in
mind (e.g. Stigter, 1999; Lemos and
Dilling, 2007), new and better needs
assessments (e.g. Stigter, 2007c) and
a focus on preparedness strategies
(Rathore and Stigter, 2007).

*	Agromet Vision and founding president of the International Society for Agricultural
Meteorology (INSAM) (cjstigter@usa.net)
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This article is based on a paper
presented at the forum “Climate
change —agrometeorological
alternatives” on 30 November
2007, during the First Venezuelan
Congress of Agrometeorology
and the Fifth Latin American
Meeting on Agrometeorology,
held concurrently in Maracay,
Venezuela, co-sponsored by
WMO, with the overall theme
“Socialization of the contents
of agrometeorology in Latin
America”.

Response farming
Origin
Response farming as an early set
of agrometeorological services was
created and promoted by Stewart
(1980s, for WHARF) and supported by
(among others) Gommes (e.g. 2004,
for FAO), Stigter (e.g. in Olufayo et al.,
1998 as well as in Stigter, 1999, and
in KNMI, 2006, for WMO/CAgM) and
Weiss et al. (2000). Gommes proposed
connections to modern data analysis
and advisory/services communication
techniques.

Organization
Organizing timely information and
ser vices, in dif ferentiated form,
becomes a decisive factor in being
able to use them in strategical and
tactical decisions. Traditional methods

may be more suitable because of
their availability from within the
farming systems concerned. Other
knowledge most often appears not
yet sufficiently well organized in
agrometeorological services (Stigter
et al., 2005).

Fitting cropping periods
to the varying seasons
The oldest way of coping with climate
variability is trying to fit cropping to
the ongoing season. By using in coping
strategies any possible indigenous
forecasts of the season’s behaviour
or by adapting to what is experienced
in the ongoing season, flexibility
and resilience of farming systems
with respect to rates of change is a
recurrent factor in such attempts.
T h e r e a r e a mp l e ex a mp l e s o f
permanent, slow and fast traditional
adaptations to seasonal variability for
coping strategies and food security. In
fact, these adaptations may be seen

as the oldest examples of response
farming in the most direct meaning
of the term (Stigter et al., 2005).
However, there are no expectations
of improvement of these traditional
“fitting” methods per se under the
presently fast changing conditions.
Their blending with more scientific
meteorological/climatological
approaches appears the only way
forwards.

Methodology
Response farming is a method of
identifying and quantifying, stat
istically or otherwise, seasonal rainfall
variability and (un)predictability and
related risks, addressing these risks at
the farm level. The hypothesis is that
solutions to farming problems may
be found by improved forecasting
of expected rainfall behaviour in the

Kees Stigter

Can development be sustainable
when the climate is not sustainable?
Climate change and increasing climate
variability may seriously complicate
sustainable development. New or
adapted preparedness strategies
have to be developed as responses,
differentiated after farming systems!
Once response farming is aimed
at, however, this remains the same
approa ch bu t to more var ying
conditions and systems. Principles,
organization, the role of research
and communication infrastructure,
education and extension approaches,

etc., will not dif fer, but may be
complicated by climate change.

Nomads with their animals and sedentary farmers using the same area between shelterbelts in Yambawa, northern Nigeria. Only
differentiation between their needs and sustaining complementarity of their lifestyles in a changing climate will prevent resource
conflicts.
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microclimate management or
ma nip ula t io n, w i t h r e s p e c t to
any ap pr e c iab le mi c r o c lima ti c
i m p r ove m e n t , b e l o n g t o s u c h
agrometeorological ser vices:
shading, wind protection, mulching,
other surface modification, drying,
storage, frost protection, etc. (e.g.
Stigter, 2007d).

Kees Stigter

My issue in this paper is for
agrometeorological alternatives.
Climate change brings complications
to organized response farming in
this widest definition but farmer
and farming system differentiation
is the real issue of agrometeorological
alternatives in scenarios for
agrometeorological services under
conditions of climate change.
Underground storage of sorghum grain in Sennar, central Sudan. Climate change
necessitated studies to extend the period of such storage, with varying results in
different soil types, but successfully using farmer innovations.

cropping season(s). Response farm
ing means adapting cropping to the
ongoing rainy season by guidance
of agronomic operations, using
past experiences, preferably from
interpretations of meteorological
rainfall records, with support from
traditional expert knowledge, where
available.
We are talking here about onset of
rains, total amounts, duration (patch
iness, including dry spells and their
lengths), rainfall intensities, frequency
of rain days, average daily rates of
precipitation, distribution of rainfall
over the seasons, ceasing of rains,
etc., that appear to be of interest to
farmers. Given the indications for
increasing climate variability and
change of the climate in terms of
rainfall, this will have to be adapted
to those new conditions, limiting
the period in the past over which the
experience can be used and adapting
the information to local soils and
topography (Stigter et al., 2005).

Applications
Multilateral agencies are urging that
climate forecasts be made available
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to small-scale farmers. Disasterpreparedness strategies, both of
governments and NGOs, have begun
to take account of such forecasts.
There is considerable interest in
assigning them an economic value.
However, field studies of the impact
of recent forecasts suggest that
there is a considerable gap between
the information needed by smallscale farmers and that provided by
meteorological services. Risk aversion
strategies in LEISA (low external
input and sustainable agriculture)
production systems pose a problem
for adapting forecast information
(Stigter et al., 2005).

Expanding the definition
Response farming was in this paper
so far limited to rainfall events, but
coping with weather and climate (and
related soil) disasters (e.g. Rathore
and Stigter, 2007) as well as using
windows of weather and climate (and
often soil) opportunities are other
forms of responding to weather and
climate (and often soil) realities.
Services such as advice on design
rules on above and below ground

Conclusions
New bags are necessar y for
agrometeorological services. The
old wine of response farming in
its widest sense has been on the
shelves already for a long time, but
must now be presented differently.
We must have in mind pre-existing
inequities among farmers, new and
bet ter needs assessments and a
focus on preparedness strategies.
Climate change brings complications
to organized response farming
but farmer and farming sys tem
differentiation is the real issue of
agrometeorological alternatives in
agrometeorological services under
a changing climate.
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Disaster risk reduction under
current and changing climate
conditions
Title
by Heather Auld*

Introduction
Evidence from around the world
indicates that the costs of disasters,
particularly weather-related disasters,
are increasing. From the 1950s to the
1990s, the annual direct losses from
all natural catastrophes rose from
US$ 3.9 billion to at least US$ 40 billion
at the 1999 dollar rate (Munich Re,
2007), while population grew only by
2.4-fold. In reality, these losses from
predominantly weather- and waterrelated disasters are larger by a factor
of two, when losses from less severe
events are included (Munich Re, 2007).
Accordingly, other recent studies have
suggested even higher losses (IPCC,
2007(a)). While the number of lives
lost to natural disasters has declined
over the last 30 years, thanks to better
disaster preparedness and prevention
programmes, the number of people
affected by natural disasters through
injur y, homelessness or hunger
increased significantly to average over
211 million people per year (Red Cross,
2006). The largest rises in impacts
occurred in developing countries.

for close to 90 per cent of the lives
lost in natural disasters during the
last decade (WMO, 2004(a)). These
rising impacts highlight a need
for National Meteorological and
Hydrological Services (NMHSs) to
play an even greater role in disaster
management.
While increases in ex tremes are
claimed to be contributing regionally
to the escalating disaster losses,
it is also known that changing
socio-economic and demographic
trends have contributed to rising
vulnerabilities (IPCC, 2007 (a)). Some
of the changing socio-economic
factors include increasing populations,
urbanization, development in higher

This article is based on the
scientific
lecture
given
to
Fifteenth World Meteorological
Congress by the author entitled
“Disaster risk reduction under
current and changing climate
conditions: important roles for
the National Meteorological and
Hydrological Services” (Geneva,
24 May 2007).

risk locations (e.g. coastal zones),
increasing poverty in poorer regions,
increasing prosperity in developed
regions, increased dependence on
infrastructure and services, ageing
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Disasters as a result of weather,
climate and water events account for
the majority of all natural disasters,
as shown in Figure 1. Indeed, hydrometeorological hazards accounted

Biological

Geological

Hydrometeorological

Figure 1 — Number of great weather and hydrological disasters for each year in the
EM-DAT database for the period 1900-2005 (from EM-DAT (2006): The OFDA/CRED
International Disaster Database (www.em-dat.net), Université Catholique de Louvain,
Brussels, Belgium)

infrastructure, an inability to afford
good climatic guidance for engineering
codes and standards, ecologically
unsound development and regional
environmental degradation.

•

•
While it is normal to expect large yearto-year variations in the number and
intensity of weather and hydrological
hazards, it is not normal for the costs of
these hazards to continue rising. When
a natural hazard becomes a disaster,
the result is as much as function of
the way that the community does
business or adapts to the hazard as
it is of the natural hazard itself. The
fact that both insured and uninsured
losses from weather and water related
disasters have been rising rapidly in
constant monetary terms reflects a
failure of communities and society to
adapt well enough to current climate
variability and extremes.

Roles for the NMHSs in
disaster management
National Meteorological and
Hydrological Services have many roles
to play in disaster risk management,
as shown in Figure 2. These roles can
be summarized under two windows
for action:

Mitigation/
Prevention
Hazards; climatic
information

Pre-disaster or risk-management
actions though the pillars of:
– Disaster risk mitigation or
prevention
– Emergency preparedness
Ac tions imminently before,
during and after disasters—crisis
management—through the pillars
of:
– Emergenc y re sp ons e and
relief
– Disaster recover y and
rebuilding.

Effective end-to-end management of
disasters requires the coordinated and
comprehensive integration of actions
over these four pillars.
In most countries, natural hazard
policies traditionally focus on crisis
management actions (i.e. emergency
preparedness) that minimize the
impacts during a disaster and provide
immediate relief and suppor t to
victims. Although disaster response
is important, it can fail to address
the causes of disaster losses. The
World Bank has estimated that every
dollar spent in preparing for a natural
disaster saves seven in response
(World Bank, 2004).
NMHSs are well-placed to help reduce
weather- and water-related disaster

Preparedness

Risk management

Emergency
planning;
warnings

Emergency
management
Recovery
Forecasts;
risk guidance

Crisis management

Response
Forecast
support

Figure 2 — Potential roles of the NMHS in disaster/emergency management systems
through four pillars of action: risk management actions through the pillarsprevention/
mitigation and preparedness; and crisis management actions through the pillars
emergency response and recovery and re-building

losses under current and changing
climate conditions through riskmanagement and crisis-management
actions. These actions include:
Provision of hazard information
•
for community risk assessments
and land-use planning
Improvements to climatic and
•
hydrological design information
for safer infras truc ture and
communities
Development of environmental
•
prediction and risk products
for interpretation of impending
risks
Monitoring to detect hazards and
•
emerging threats
For e c a s t s and timel y earl y
•
warnings for operational
emergency response actions
and for recovery and rebuilding
operations
Assistance with risk-management
•
education and capacity
building.

Risk management
measures: targeting risks
There is a saying that “forewarned
is forearmed”. When we know the
threats we face, we are better able
to prepare for them” (Klaus Töpfer,
Executive Director of the United
Nations Environment Programme).
Although natural disasters are not
always predictable, they are most
often foreseeable and can be planned
or risk managed beforehand. Many
natural hazards can be foreseen or
anticipated using past experience,
climatological analyses of atmospheric
hazards, analysis of vulnerabilities,
forensic analyses and guidance on
future climates.

The role of the NMHS in
developing atmospheric
hazard information
A critical par t of a disaster riskmanagement strategy is the
completion of a vulnerability or hazard
identification and risk assessment
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(HIRA) process that integrates the
probability of hazards with critical
infrastructure vulnerability and risk
assessments. In Canada, for example,
the province of Ontario passed a
provincial Emergency Management
and Civil Protection Act in April 2003,
requiring all municipal and regional
governments to identify and prioritize
various hazards and risks to public
safety (Government of Ontario, 2004).
This Ontario Act requires completion
of a HIRA process, identification of
vulnerable groups and infrastructure,
prioritization of likely risks, planning
for potential interventions identified
and completion of comprehensive
disas ter-management planning
under deadline (Auld et al., 2006(c)).
Other provinces have adopted or are
considering similar legislation.
The HIRA process recognizes that
each municipality has different and
distinct hazards and risks. It assesses
the frequency of hazards and their
net impacts as a function of hazard
probabilities and consequences
(imp a c t s and v ulner abili t y).
Because capabilities vary greatly
among municipalities, the Ontario
HIR A process uses a simplified
system to evaluate the probability
and consequences of a hazard, as
well as the municipality’s response
capability. The HIRA system ranks
risks according to the following
parameters (Emergency Management
Ontario, 2004):

•

(Optional) community response
capability or adaptive capacity:
response capabilities are ranked
from 1 (excellent) to 4 (poor) and
can modify the assessment of
impac ts for low-probabilit y
but high-impact events, where
response experience and capacity
may be limited. The net result of a
reduced response capability is a
higher priority risk needing greater
disaster-response planning and
risk-reduction actions.

In support of this HIRA system and
in collaboration with its disaster
management par tners, Canada’s
Meteorological Service developed
an Atmospheric Hazards Website
(w w w.haz ard s .c a) for r e gional
emergency managers (Auld et al.,
2002, 2006(c)). The Hazards Website
and publications include information
on the probability of occurrence of
hazards and provide tools for the
spatial and temporal comparison of
hazards across regions.
The Hazards Website consists of
peer-reviewed or “defensible” maps
and databases of various hydro
meteorological hazards, their trends
and documentation on historical high

impact events. Figure 3 illustrates a
sample hazards map from the Website.
Hazardous events include extreme
heat and cold, drought, extreme
rainfall, blizzards, hurricanes, ice
storms, tornadoes, windstorms, smog,
ultraviolet radiation, etc. The maps
and databases contain information
on frequencies for selected periods
of record, average days per year with
conditions exceeding thresholds,
extreme precipitation and temperature
records, probabilities of an event at a
location, most recent occurrences of
extremes, return period estimates and
climatic design values for engineering,
as well as weather warning criteria and
potential impacts of specific hazards
(Auld et al., 2006(c)). All materials
need to be scientifically defensible
(e.g. journal publications, data
meeting international and national
standards).
The Website also allows the assess
ment of multi-hazard risks using
co-recognition software capable of
“stacking” maps from a variety of
formats together, even though the
maps might have different scales
and projections. The Website accom
modates map formats ranging from
a simple hard copy map scan (e.g.

Days per year

1.2

52

1
0.8

50
•

•

Frequency or probability of the
hazard, ranked from 1 to 4, where
“1” reflects a low occurrence and
“4” reflects a high occurrence
of the hazard within the past
15 years;
Impacts or consequences,
ranked from 1 (negligible) to 4
(high). The degree of impact can
be determined through expert
opinion and consultation with
experts. A “high” consequence
score reflects a likelihood of
severe consequences, including
fatalities and the loss of essential
infrastructure and services;
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Figure 3 — Average number of days per year with daily snowfall ≥ 25 cm, based on data
from 1971-2000 (Provincial Overview) (from Environment Canada, 2006)

New and evolving threats (e.g.
changing climate hazards, health
pandemics) need to be considered
in the HIRA process. In these cases,
historical trends, as well as climate
change scenarios, are included to
highlight changes and increasing risks
from hydrometeorological hazards.
Authorities are encouraged to use
the best information available in
determining probabilities and trends
(Emergency Management Ontario,
2004).
The benefits to NMHSs in
making hazards foreseeable and under
standable are multiple and include
an improved appreciation of the
information needs of decision-makers
for disaster management, as well as
the identification of science gaps,
conflicts and priorities for updating
weather and hydrological products.
As illustration, the assessment of
tornado-probability maps for central
Canada revealed inconsistencies in
products over time due to changed
methodologies, assumptions and
data-collection procedures. The
process also revealed significant
gaps in drought-risk information for
central Canada, with the result that
new drought and low-water response
indices were developed and calibrated
in partnership with users. The new
drought information is able to better
meet new consolidated legislation
for low-water response planning and
actions.
A challenge in designing a hazards
Website is the need to satisfy a wide

variety of users ranging from the welltrained planner to the simple user,
while balancing requirements for
accuracy and comprehensiveness.
In essence, precise scientific hazard
information is of little value if it cannot
be understood in the rural municipality
by the clerk with responsibilities for
disaster management planning.
Likewise, scientific hazard information
that is so highly simplified that it does
not accurately convey the actual
threat is of diminished value for the
professional consulting firm hired
to advise another municipality of
risks and priorities. The challenge is
to communicate complex scientific
information on hazards simply to all
users and to ensure that information
is scientifically defensible in spite of
its simplifications.

its safety limits (Auld et al., 2006(a)).
Forensic studies show that, above
critical thresholds, small increases in
weather and climate extremes have
the potential to bring large increases
in damage to existing infrastructure.
These studies indicate that damage
from extreme weather events tends
to increase dramatically above
critical thresholds, even though the
high-impact storms associated with
these damages may not be much
more severe than the type of storm
intensity that occurs regularly each
year (Munich Re, 2005; Swiss Re,
1997; Coleman, 2002). In many cases,
it is likely that the critical thresholds
reflect storm intensities that exceed
average design conditions for a
variety of structures of varying ages
and conditions.

The role of the NMHS in
infrastructure protection
and disaster risk reduction

An investigation of claims by the
Insurance Australia Group (IAG),
as shown in Figure 4, indicates
that a 25 per cent increase in peak
wind gust strength above a critical
threshold can generate a 650 per
cent increase in building claims
(Coleman, 2002). Similar studies
indicate that, once wind gusts reach
or exceed a certain level, entire roof
sections of buildings are often blown
off or additional damage is caused
by falling trees. Typically, minimal
damage is repor ted below this

It has also been said that “the house
is the first line of defence against
hazards”. Forensic analyses often
reveal that structural failures of
infrastructure (e.g. houses, electrical
distribution lines, communications
structures, dams) result when climate
extremes approach the structure’s
critical design values and then exceed
700
600
% increase in damages

gif) through to more sophisticated
Geographic Information System (GIS)
outputs. The software was designed
to address widely varying capacities
of municipalities and can run on much
older and slower computers, as well
as state-of-the-art equipment. Since
technological capabilities vary greatly
among municipalities, a variety of
formats and media were chosen to
deliver the hazard information (e.g.
publications for political decisionmakers, CD-ROM materials for remote
jurisdictions, Web pages, etc.).

500
400

25% increase in peak gust causes
650% increase in building damages

300
200
100
0
Under 20 knots

20–40 knots

40–50 knots

50–60 knots

Figure 4 — Building claims as a function of peak gust speed (Australia) (Source:
Coleman, 2002)
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threshold (Munich Re, 2005; Swiss
Re, 1997; Freeman and Warner, 2001;
Coleman, 2002). Similar results have
been obtained for flood and hailstone
damages (Freeman and Warner,
2001; Munich Re, 2005; Swiss Re,
1997. Not surprising, the quality of
construction also strongly influences
the extent of damage.
Climatic design values used for the
design of reliable and economical
infrastructure include quantities such
as the 10-, 50- or 100-year return period
“worst storm” wind speed, rainfall or
snow conditions and are typically
derived from historical climate data.
Almost all infrastructure today has
been designed based on historical
climate information, assuming that
the past will represent conditions over
the future lifespan of the structure.
While this assumption worked in
past, it will hold less as the climate
changes. Regions where the climate
trends are encroaching on design
limits will require increases in climatic
design values for new structures and
reinforcements to existing structures
that have been identified as “at risk”
(Auld et al., 2006(b)).

Crisis management: moving
from weather prediction
to risk prediction
One of the most effective measures
for disaster readiness and emergency
response is a well-functioning early
warning system that delivers accurate
information dependably and ontime. Warnings buy the time needed
in advance of hazards to evacuate
populations, reinforce infrastructure,
reduce potential damages or prepare
for emergency response. But warning
systems are only as good as their
weakest link and only accomplish
their goals if a c c ompanie d by
effective hazard response policies
and actions.
All too often, warnings are issued
wi thou t the NMHSs having an
appreciation of the relative severity
and potential impacts of the forecast
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hazard. As a result, warnings can—and
frequently do—fail in both developing
and developed countries for any of
four primary reasons (UNISDR, 2001).
These include:
•

A failure of forecasting, such as an
inability to understand a hazard
or a failure to locate it properly,
in time or space;

•

Ignorance of prevailing conditions
of vulnerability, determined by
physical, social or economic
inadequacies;

•

Failure to communicate the threat
accurately or in sufficient time;
and, finally,

•

Failure by the recipients of a
warning to understand it, to
believe it or to take suitable
action.

The success of an early warning
depends on the extent to which it
triggers effective response measures.
As a result, warning messages need
to suggest the appropriate actions
that those at risk should take. This
is dif ficult when information is
incomplete, when there are conflicting
recommendations or when the liability
of the NMHS is of concern.
Forensic analysis of disaster events
often reveals “after the fact” that
communication with the public
was not effective enough and that
scientific and technical information
(e.g. wind gusts >140 km/h) was not
properly interpreted by authorities
and the public in terms of risk.
Warnings must be received and
understood by a complex target
audience and need to have a meaning
that is shared between those who
issue the forecasts and the decisionmakers they are intended to inform.
Because emergency responders and
the public often are unable to translate
the scientific information on forecast
hazards in warnings into risk levels,
future work is needed that can identify
general impacts, prioritize the most

dangerous hazards, assess potential
contributions from cumulative and
sequential events to risks and identify
thresholds linked to escalating risks
for infrastructure, communities and
disaster response.

Tiered and vigilance
warning systems
Several NMHSs are investigating
tiered or escalating warning systems
capable of distinguishing highimpact weather events requiring
widespread emergency response
actions from other disruptive events
falling within “normal” emergency
r e s p o n s e c a p a b ili t i e s . M é t é o France, for example, has invested in
a meteorological vigilance system
that uses four levels of hazard warning
and includes new hazards (e.g. heatwave warnings).
T h e Eu r o p e a n M u l t i - s e r v i c e s
Meteorological Awareness (EMMA)
Programme is based on MétéoFrance’s vigilance system and uses a
similar four-colour code (Gérard, 2002)
of green, yellow, orange and red. A
green status indicates that no severe
weather is expected; yellow indicates
a forecast of potentially dangerous
but not unusual weather; orange
forecasts potentially dangerous and
unusual phenomena; and red warning
status highlights that dangerous and
exceptionally intense meteorological
phenomena have been predicted.
China uses a colour-coded warning
system for 11 ex treme weather
conditions. Warnings are flagged
as blue, yellow, orange, red and
some time s bla c k in as c ending
order and requiring es c alating
actions (Yongping Yuo, personal
communication, 2007). For example,
shops in China are to remain closed
if typhoon warnings change from
orange to red. A red warning for
rainfall intensity means emergency
squads must be ready for rescue
operations as rainfall is expected
to reach 100 mm or higher in three
hours. In Florida, USA, NOAA initiated

a pilot project to graphically display
forecasts of daily hazards according
to relative “degree of threat” (Sharp
et al., 2000).
Recognizing that individual and
c o mb in a t io n s o f ha z ar d s (e .g .
excessive heat and poor air quality)
can result in complex emergency
response situations, WMO, its NMHSs
and UN par tners are working to
establish multi-hazard early warning
systems. Collaboration is underway
with the World Health Organization to
develop heat-health warning systems
that enhance adaptation to deadly
heat waves and malaria while other
collaborative work with the UN Food
and Agriculture Organization focus
on the monitoring and development
needed for early warnings of
locust swarms (WMO, 2007; WMO,
2004(b)).

Creeping disasters
Some emerging disasters first appear
as “creeping” hazards that evolve over
a period of days to months. This timing
presents different opportunities for
prevention, planning, preparedness
and response. The creeping hazards
of floods and droughts often result
from cumulative or sequential multihazard events accompanied by an
inherent vulnerability. For example,
flooding can result from less extreme
rainfall when preceded by several
days of rainfall and saturated ground
conditions. As a result, specific
criteria for issuing rainfall warnings
may need to consider antecedent
rainfall as well as saturated or
frozen ground conditions before
entering into a rainfall event. The
challenge for forecasting flooding
risks under antecedent precipitation
is the uncertainty in modelling and
predicting the preceding soil moisture
conditions.
Droughts represent a power ful
creeping hazard capable of bringing
great losses to very large regions.
Measures to monitor and detect
creeping drought conditions need
to be region-, user- and impact-

specific. Water managers, agricultural
producers, hydro-electric power plant
operators and ecosystem managers
can all require dif ferent drought
monitoring indices to characterize
the severity of drought conditions
and needed responses. Consequently,
drought early warning systems
work best when designed to detect
cumulative precipitation deficits using
regionally critical thresholds of watersupply conditions (WMO, 2006).

through locally recognized means
such as flag codes, beating of drums
or the use of the mosque microphone
than electronic or print media.
The proof of the success of the
warning dissemination system was
demonstrated in greatly reduced
fatalities from a subsequent 1997
cyclone, which resulted in 127 fatalities
compared to 11 069 fatalities from a
cyclone of similar intensity in May
1985 (Akhand, 1998).

Early warnings and
emergency response actions Recovery and re-building
Whether dealing with fast or creeping
hazards, early warning systems are
most effective when they provide
adequate lead times for the activation
of emergency response plans. The
United Kingdom Met Office currently
provides early warnings of potentially
disastrous weather events to
emergency responders up to five days
in advance. Because prediction of
severe weather at this range is difficult,
these early warnings are expressed
in terms of probabilities and issued
when the probability of disruption
due to severe weather somewhere
in the United Kingdom is 60 per cent
or more (UK Meteorological Office,
2004).
Warnings are most successful when
they can target the people and regions
mainly at risk. In some regions, this
includes an appreciation of local and
indigenous knowledge. For example,
the Bangladesh Meteorological
Department recognized the importance
of community involvement following
catastrophic losses of lives from
cyclones in 1970 and 1991. Forensic
analysis of the events revealed that
warnings were not disseminated
to, or believed by, the people at risk
(Monowar, 1998). Subsequently, the
current warning system involves some
33 000 volunteers spread over all the
villages in the vulnerable coastal belt
and offshore islands where volunteers
disseminate cyclone warnings to every
household. In some rural villages,
flood warnings are disseminated

The disaster recovery and re-building
phase requires careful integration of
services from all of the other pillars.
These ser vices include tailored
weather warning services to protect
affected populations rendered even
more vulnerable by the disaster, as
well as updated atmospheric hazards
and climatic design information
to rebuild more disaster-resilient
communities. Critical to recovery
operations is the restoration of
critical infrastructure, including
communications infrastructure. It
becomes difficult, if not impossible,
to coordinate emergency response
and recovery operations without
the benefit of some functioning
communications and transportation
infrastructure.
The confusion during the emergency
phase can lead to short-term rebuilding
decisions that can adversely affect the
community’s sustainability in the long
term. A step to minimize unintended
consequences is to plan in advance for
post-disaster restoration, considering
existing and changing hazards. The
transition from disaster to a return
to normal life is best accomplished
ahead of time by developing a disaster
recovery plan that considers hazards
and undertakes a risk analysis and
operations impact analysis of the main
disaster risks.

Climate change
One of the most threatening aspects
of global climate change, even given
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the most ambitious of greenhousegas mitigation successes, is the
likelihood that ex treme weather
events will become more variable,
more intense and more frequent as
storm tracks shift and frequencies
and intensities increase regionally.
A repor t by the United Nations
Environment Programme’s financial
services initiative anticipates that the
global cost of natural disasters will top
US$ 300 by the year 2050 (ISDR, 2004;
Berz, 2001) if the likely impacts of the
changing climate are not countered
with aggressive disaster reduction
measures.
“No regrets” adaptation actions
taken today to reduce the impacts
of weather hazards provide
opportunities for regions to reduce
current vulnerabilities and become
better prepared for future climatechange challenges . Barrier s to
managing the risks associated with
current climate variability are the
same barriers that will inhibit regions
and nations from addressing future
increases in risk due to climate
change (United Nations Development
Programme, 2004).

The future
While the 1990-1999 International
Decade for Natural Disaster Reduction
(IDNDR) was dedicated to promoting
solutions to reduce risks from natural
hazards, the decade ended with more
deaths from more disasters, involving
greater economic losses and more
human dislocation and suffering than
when the decade began (ISDR, 2004).
As a successor to the IDNDR, the
UN General Assembly founded the
International Strategy for Disaster
Reduction (ISDR) in 2000 to continue
the commitment to disaster reduction.
The ISDR endeavours to bring people,
organizations and sectors together
on a multi-disciplinary and multistakeholder platform to increase
resilience to natural, technological
and environmental disasters and to
reduce associated environmental,
human, economic and social
losses.
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WMO, as a major partner in the ISDR,
is committed to raising awareness
on the relation between preventive,
proactive risk management strategies
and economic development. WMO
supports the goals of the ISDR and
the achievement of the United nations
Millennium Development Goal to
“halve the loss of life associated with
natural disasters of meteorological,
hydrological and climatic origin”.
Accordingly, WMO has set a target to
reduce the 10-year average fatalities
from all natural disasters related to
weather, climate and water by 50 per
cent (relative to 1994-2003) over the
next 15 years (WMO, 2005). It has
established the Natural Disaster Risk
Reduction Programme to ensure
optimization of WMO’s global pro
grammes and infrastructure and to
integrate its core scientific capabilities
and expertise into all relevant phases
of disaster risk management decisionmaking, particularly related to risk
as ses sment and early warning
systems (WMO, 2005).
Without the benefits of existing
preventive services through WMO’s
network of NMHSs, it is sobering
to think that the disaster statistics
during the last decade likely would
have been even higher than trends
show (Golnaraghi, 2004). In addition,
ongoing pressures from the changing
climate will likely translate into
even more frequent occurrences
of extreme weather in one form or
another. Without aggressive disaster
management actions, it is likely that
new and unexpected vulnerabilities
will arise from unfamiliar hazards in
the future, with surprise having the
potential to become the biggest killer
yet. Prudent planning for disaster risk
management should therefore factor
in current and future risk reduction
adaptation actions to current and
evolving hazards and risks.
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Fifty years ago ...
Aviation aspects of
mountain waves

The contents of the April 1958 Bulletin
covered meteorological transmissions
in Europe, reducing evaporation
from reservoirs, aviation aspects of
mountain waves, the 50th anniversary
of the Australian Bureau of Meteorology
(see MeteoWorld/February 2008/
Anniversaries) and Part II of “The
conquest of the third dimension”,
as well as reports of the second
session of Regional Association III, the
second session of the Commission for
Synoptic Meteorology and activities
of regional associations and technical
commissions.

*	A fuller account of the April Bulletin 50 years
ago is available in the April 2008 edition
of MeteoWorld on the Web: http://www.
wmo.int/pages/publications/meteoworld/
index_en.html
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... To make mountain flying safer,
a considerable amount of research
has been conducted in recent years
to gain bet ter understanding of
airflow over mountains. Probably
the most important information,
from the aeronautical viewpoint,
which emerged from this research
concerns the standing waves which
not uncommonly form to the lee of
mountain barriers. Many past air
accidents can now be explained in
terms of these so-called mountain
waves which, because of the vertical
currents they set up, the severe
turbulence they sometimes generate
and their effect on the accuracy of
pressure-altimeter readings and
air navigation can constitute a real
danger to the unwary pilot.

Mountain clouds
A visible evidence of mountain
waves is provided by the stationary
or quasi-stationar y lens-shaped
clouds which form downwind from
mountain ridges and are arranged in
bands parallel to these ridges. These
clouds are appropriate to an airstream
undergoing ver tical oscillations
associated with standing waves. As
many as ten or more of these cloud
bands have been observed at one
time, whilst two or three bands are
commonly seen.

Orographic lenticular clouds occur
at dif ferent heights, sometimes
simultaneously. ...
Other cloud types associated with
mountain waves are the cap clouds
and the rotor clouds. The former are
low-hanging clouds with their base
near or below mountain-top level
and their relatively smooth top only
a few thousand feet above the ridge.
Their major portion is found over
the windward slope. To an observer
on the downwind slope, the clouds
resemble a bank or a wall with
fibrous fingers reaching partway
down the lee slope. Rotor clouds
appear in the form of stationar y
rolls at varying distances downwind
from the ridge. They develop in
standing eddies under the crests
of the waves.

Flying aspects of
mountain waves
Among the most important aspects of
mountain waves from the viewpoint
of aviation are the vertical currents
a s s o c ia t e d w i t h t h e s e w ave s .
Downward currents of 5-10 m/s are
not at all uncommon. In one extreme
case ... , a pilot estimated the vertical
currents to be of the order of 40 m/s.
... when mountain waves develop,
downdraught areas generally occur
immediately downwind from the
mountain crest, so that an aircraft flying
upwind towards the ridge, if caught
in one of these downdraughts, might

not be able to regain enough altitude
in time to clear the mountain.
... By far the most important and most
common seat of severe turbulence
in mountain waves is the area of
the rotor clouds. Violent sharpedged gusts exceeding 12 m/s have
been measured in some Sierra
waves and experienced pilots have
reported complete loss of control
of their aircraft for short periods
while flying in the rotor area. Rotor
turbulence generated by smaller
ridges is generally not quite so severe;
nevertheless it often constitutes a
source of discomfort and possible
hazard to aircraft.
Other aspects of mountain
waves which adversely affect the
performance and safety of aircraft
are the air navigation errors caused by
the fluctuations in the horizontal wind
speed between crest and trough, the
errors in pressure-altimeter readings
and the increased probability and
intensity of aircraft icing.

Detecting the presence
of mountain waves
The easiest waves to detect are those
accompanied by the typical wave

clouds. Mountain waves, however,
may occur with cloudless skies or
with completely overcast skies. Under
these circumstances other means
of detecting the presence of waves
must be employed. The possibility
of using routine radiosonde ascents
for this purpose has recently been
demonstrated.

Requirements for mountain
wave formation
The possibilit y of detecting the
actual presence of mountain waves
does not eliminate the necessity
for determining the meteorological
conditions which are favourable for
wave formation and for advising pilots
when these conditions obtain and
waves are likely to occur. …

Application of
hydrodynamic theory
The above requirements are
in sub s t an tial a gr e e me n t w i th
theoretical results obtained by
applying the method of perturbations
to the flow of a stably stratified
current crossing a mountain. The
most successful results to date have
been obtained by R.S. Scorer who

considered a frictionless, steady,
laminar and isentropic flow, but
allowed for the variation of lapse rate
and wind with height. By applying
the criterion obtained by Scorer to
a representative radiosonde ascent
made in the unperturbed current, it is
possible to determine without much
difficulty whether waves are likely to
develop in a given air mass.
Theory also gives an insight into the
factors affecting the wavelength and
the amplitude of the standing waves.
A resonance effect is shown to exist
such that large amplitude waves
occur only if the natural wavelength
of the air stream corresponds to
the size of the mountain ridge.
Since the former increases with
the wind speed, larger mountains
would require stronger winds for
large amplitude waves. This fact is
confirmed by observations.

Application to aviation
forecasting
Much useful information can be
given to a pilot with regard to the
effect of mountain waves on his air
route by applying the theoretical and
observational results briefly discussed
above. …
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News from the
Title
WMO Secretariat
Visits of the
Secretary-General
The Sec re tar y- General, Mic hel
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.

United States of America
The President of WMO, WMO’s three
Vice-presidents, the Secretary-General
and some presidents of Regional
Associations and representatives of
the World Meteorological Centres
gathered in New Orleans (United
St a te s of A meric a) from 16 to
18 January 2008 on the occasion of
the 59th session of the WMO Bureau,
hosted by NOAA at the kind invitation
of the Government of the USA .
The Bureau reviewed and further
discussed a number of relevant issues,
in the context of preparations for the
60th Session of the WMO Executive
Council.
Subsequently, at the kind invitation
of the Permanent Representative of
the US with WMO, the SecretaryGeneral participated in the National
Weather Service (NWS) International
Session and the 88th Meeting of the
American Meteorological Society
(AMS), in New Orleans, during
the period 19 to 21 January 2008.
During the International Session,
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on 19 January, Mr Jarraud gave a
presentation titled “From Prevention
to Response: The Role of WMO
and the National Meteorological
and Hydrological Service”, which
referred to the need to establish
appropriate linkage between forecasts
disseminated by the NMHSs in the
course of critical hydrometeorological
hazards and any response measures
adopted by their respective national
emergency and disaster management
communities.
At the 88th AMS meeting, in the
course of the “The Richard Hallgren
Symposium”, a side event organized
in the honour of Richard E. Hallgren,
AMS Executive Director Emeritus and
former Permanent Representative of
the United States with WMO (19791988), Mr Jarraud chaired a joint panel
discussion on the history and current
status of international cooperation in
the atmospheric and oceanic sciences
and services.

United Nations New York
The Secretary-General travelled to
New York to participate in the UN
General Assembly Debate “Addressing
Climate Change: The United Nations
and the World at Work”. UN SecretaryGeneral Ban Ki-moon opened the
Debate on 11 February 2008 and noted
that the UN would work diligently to
map out an agreement by the end of
2009 in limiting global greenhouse gas
emissions, adapting to the impacts
of climate change and obtaining the

resources and technology necessary
to do so. Among other key speakers
in the debate were New York City
Mayor Michael Bloomberg and UNGA
President Srgjan Kerim.
Mr Jarraud participated in this event
as a special guest, emphasizing that
the challenges of climate change
were indeed very complex, since
they existed at all levels, and that a
key responsibility of the UN would
be to coordinate actions, for which
scientific knowledge would have
to be continually refined, because
of numerous uncertainties that still
persisted, and the importance that this
knowledge be forwarded to policymakers. He especially highlighted in
this respect the significance of the
World Climate Conference 3 (WCC3) to be held in Geneva during 2009.
The WMO Secretary-General also
took part in a meeting of Climate
Change Principals and UN Special
Envoys aimed at discussing common
strategies and the way for ward
following the Bali COP-13 of the
UNFCCC.

United States of America
On 20 February 2008 Mr Jarraud
visited Washington DC to participate
in the 6th session of UN International
Strategy for Disaster Reduction (ISDR)
Management Oversight Board (MOB).
Currently, the MOB has four Working
Groups of which WG1 on Climate
and Disasters is chaired by WMO.
The Secretary-General participated

in discussions intended to develop
recommendations for an upcoming
study by the World Bank on the socioeconomic benefits of disaster risk
management, a joint work plan for
the ISDR system and the 2nd Global
Platform for Disaster Reduction, to be
held in Geneva in June 2009.
The Secretary-General also partici
pated in a World Bank Global Facility
for Disaster Reduction and Recovery
(GFDRR) high-level panel, held
at the World Bank headquarters,
where he delivered the presentation
“Disaster Prevention for Sustainable
Development: the Role of WMO
and the National Meteorological
and Hydrological Services”. In the
presentation, Mr Jarraud discussed
the importance of meteorological,
hydrological and climate information
in support of disaster risk manage
ment, and discussed the role of WMO
in coordinating climate research
and assessments, through its coestablishment of the World Climate
Research Programme (WCRP), World
Climate Observing System (GCOS) and
Intergovernmental Panel on Climate
Change (IPCC), while recalling the
operational early warming systems
capabilities that enable the NMHSs of
WMO Members to issue warnings.

Norway
On 28 and 29 February 2008, the
Secretary-General visited Oslo at the
kind invitation of the Norwegian Royal
Ministry of Foreign Affairs, the Pro
Vention Consortium and the United
Nations Development Programme
(UNDP), to participate in the Policy
Forum on Changing the Way We
Develop : Dealing with Disasters and
Climate Change. In the course of this
event, Mr Jarraud gave a presentation
on climate change adaptation and
disaster risk reduction in the context
of the follow-up to the Bali (Indonesia)
COP-13 session of the UNFCCC and
the road leading to the COP-15,
which will be held in Copenhagen
(Denmark) in 2009. The SecretaryGeneral’s presentation was followed
by questions and lively discussion.

Cape Verde
The Secretary-General travelled to Sal
Island (Cape Verde) on the occasion
of the First International Workshop
on Climate and Natural Resources
in Portuguese-Speaking Countries:
Climate and Environment Partnerships,
which was held in Santa Maria. The
key objectives of the meeting were
to discuss the state of the art in

climate change and variability, the
impacts and local effects in each of
the participating countries, as well as
to encourage partnerships between
international organizations, academia,
public institutions, foundations and
other stakeholders in the concerned
countries, in particular in the areas
of civil protection and safety, health,
food production, the environment,
water resources and the exploitation
of alternative energy sources.
O n 3 Mar c h 20 0 8 , Mr Jar r aud
participated in the opening ceremony
and delivered the WMO statement
in the presence of senior national
authorities. Present at the event
were also Mrs Ester Araújo de Brito,
Permanent Representative of Cape
Verde with WMO; Mr Mamadou
Lamine Bah, president of Regional
Association I; and the Permanent
Representatives of par ticipating
countries. In addition, following the
opening ceremony, the SecretaryGeneral also gave a keynote
presentation with the WMO
perspective on partnerships and
cooperation in the areas of climate
and the environment.
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Staff matters

Sofia RODRIGUEZ:
Administrative
Assistant, Group on
Earth Observations
Secretariat, on
11 February 2008

Appointments
Donald E.
Hinsman: Director,
Observing and
Information
Systems
Department, on
1 January 2008
Robert O.
MASTERS: Director,
Development and
Regional Activities
Department, on
15 February 2008

Jeffrey WILSON:
Director, Education
and Training Office,
Development and
Regional Activities
Department, on
3 January 2008
Byoung-Choel
CHOI: seconded
expert, Regional
Office for Asia
and the SouthWest Pacific,
Development and
Regional Activities Department,
5 March 2008
Stephan BOJINSKI:
Programme
Officer, Global
Climate Observing System Joint
Planning Office, on
1 January 2008
Joëlle FERNANDEZ:
Administrative
Assistant, IPCC
Secretariat, on
11 February 2008
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Departures
Anders Norsker, Chief,
Information Technology Division,
resigned on 1 March 2008.
Jeong-Gyoo Park, seconded
expert, returned to the Korea
Meteorological Administration on
1 March 2008 at the end of his 2½
year secondment.
Mr Sutrisno, monitoring clerk,
retired on 28 February 2008.

Anniversaries
Pierre Dumont, Senior Mailing
Clerk: 30 years on 1 February 2008
Kate McGonigle, Administrative
Assistant: 30 years on 6 February
2008
Valerie Mitchell, Translator/
Reviser: 30 years on 3 January
2008
Inés Brulhart, Interpreter/
Translator/Reviser: 30 years on
16 January 2008
Léonie Calegari, Reference and
Terminology Clerk: 25 years on
31 January 2008
Teresa Alcober, Administrative
Assistant: 20 years on 13 January
2008

Recent WMO publications
Guide to
Aeronautical
Meteorological
Services Cost
Recovery—
Principles and
guidance
(WMO/TD No. 1418)
[E]
2007; v + 35 pp.
Price: CHF 16
Future Climate
Change Research
and Observations:
GCOS, WCRP and
IGBP Learning from
the IPCC Fourth
Assessment Report
(WMO/TD No. 1418)
[E]
2008; 58 pp.
Price: CHF 30
Guidelines on
communicating
forecast uncertainty
(WMO/TD No. 1422)
[E]
2008; 24 pp.
Price: CHF 30
World Data Centre
for Greenhouse
Gases—Data
Submission and
Dissemination
Guide (WMO/TD
No. 1416)
[E]
2008; ii + 45 pp.
Price: CHF 30

Calendar
Date

Title

Place

21–22 April
21–25 April

Meeting of the WWRP Working Group on Forecast Verification Research
CBS OPAG-IOS: Expert Team on Requirements for Data from Automatic Weather Stations
(ET-AWS)—fourth session
GCOS/WCRP Atmospheric Observation Panel for Climate—fourteenth session (AOPC-XIV)
Second Meeting of the Regional Planning and Advisory Group (RPAG) for Central America
Project on Multi-Hazard Early Warning System
Expert Team on Assessment of Data Representation Systems (ET-ADRS)—first session
RA IV Hurricane Committee—thirtieth session (conjoint with Central American MultiHazard, Early Warning System Project)
Expert Meeting to Evaluate Skill of TC Seasonal Forecasts
First Expert Group Meeting on Flood Hazard Mapping
CBS Coordination Group for Nuclear Emergency Response Activities
WMO / ESCAP Panel on Tropical Cyclone—thirty-fifth session
Third JCOMM Workshop on Advances in Marine Climatology (CLIMAR-III)
CCl Expert Team on the Rescue, Preservation and Digitization of Climate Records
CBS OPAG-IOS: Fourth Workshop on the Impact of Various Observing Systems on NWP
Ozone Research Managers’ Meeting (co-sponsored by WMO)
Workshop on “Climate Change and the Offshore Industry”
RA I Regional Workshop on Tropical Cyclone Research

Boulder, USA
Geneva

21–25 April
22 April
23–25 April
23–28 April
24–25 April
24–26 April
5–9 May
5–9 May
6–9 May
13–15 May
19–21 May
19–21 May
27–29 May
26–30 May
26–30 May
30 May

9–27 June
11–13 June

Session of the CBS Expert Team on Communication Techniques and Structure (ET-CTS)
Meeting of the Organizing Committee and the “CresT” on the Joint Industry Project on
Extreme Waves
CBS Implementation Coordination Team on Data-Processing and Forecasting System
(DPFS)
CIMO OPAG UPPER-AIR: Joint meeting of the Expert Team on Upper-air Systems
Intercomparisons—third session; and International Organizing Committee on Upper-air
Systems Intercomparisons—third session
Joint Meeting of the RA VI RMDCN Operations Committee (ROC) and the RMDCN
Steering Group
Conference on “Water Resources Systems Management under Extreme Conditions”
(co-sponsored by WMO)
WMO/COST Action Symposium on Climate Change and Variability: Agrometeorological
Monitoring and Coping Strategies for Agriculture
International Hydrometeorology Analysis and Forecasting Course (co-sponsored by WMO)
Meeting of the CAgM Management Group

12–17 June
16–17 June
17 June
18–27 June

JCOMM Ice Analysts Workshop
Financial Advisory Committee (FINAC)—twenty-seventh session
Sixtieth session of the WMO Bureau
Executive Council—sixtieth session

2–6 June
2–6 June

3–6 June
4–5 June
4–6 June

Geneva
Orlando, USA
Washington, USA
Orlando, USA
Boulder, USA
Geneva
Melbourne, Australia
Manama, Bahrain
Gdynia, Poland
Bamako, Mali
Geneva
Geneva
Geneva
Saint-Denis, La
Réunion
Toulouse, France
Geneva
Montreal, Canada
Payerne, Switzerland

Vienna, Austria
Moscow, Russian
Federation
Aas, Norway
Boulder, USA
Obninsk, Russian
Federation
Rostock, Germany
Geneva
Geneva
Geneva
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The World
Meteorological
Organization
WMO is a specialized agency of the
United Nations. Its purposes are:
•

•

•

•

•

•

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

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

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

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

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

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

Ex officio members of the Executive
Council (presidents of regional
associations)
Africa (Region I)
M.L. Bah (Guinea)
Asia (Region II)
A.M.H. Isa (Bahrain)
South America (Region III)
R.J. Viñas García (Venezuela)
North America, Central America and
the Caribbean (Region IV)
C. Fuller (Belize)
South-West Pacific (Region V)
A. Ngari (Cook Islands)
Europe (Region VI)
D.K. Keuerleber-Burk (Switzerland)

Elected members of the Executive Council
M.A. Abbas
(Egypt)
O.M.L. Bechir
(Mauritania)
R.C. Bhatia
(India)
P.-E. Bisch
(France)
Y. Boodhoo
(Mauritius)
S.A. Bukhari
(Saudi Arabia)
F. Cadarso González
(Spain)
M. Capaldo
(Italy)
H.H. Ciappesoni
(Argentina)
W. Gamarra Molina
(Peru)
D. Grimes
(Canada)
S.W.B. Harijono (Ms)
(Indonesia)
J.L. Hayes (United States of America)
T. Hiraki
(Japan)
W. Kusch
(Germany)
M.-K. Lee
(Republic of Korea)
G.B. Love
(Australia)
L. Makuleni (Ms)
(South Africa)
J. Mitchell
(United Kingdom)
J.R. Mukabana
(Kenya)
M. Ostojski
(Poland)
M.M. Rosengaus Moskinsky (Mexico)
F. Uirab
(Namibia)
K.S. Yap
(Malaysia)
G. Zheng
(China)
(two seats vacant)

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

Members
of WMO

on 31 March 2008

States (182)
Afghanistan
Albania
Algeria
Angola
Antigua and Barbuda
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Brazil
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Central African Republic
Chad
Chile
China
Colombia
Comoros
Congo
Cook Islands
Costa Rica
Côte d’Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Democratic People’s
Republic of Korea
Democratic Republic of
the Congo
Denmark
Djibouti
Dominica

Dominican Republic
Ecuador
Egypt
El Salvador
Eritrea
Estonia
Ethiopia
Fiji
Finland
France
Gabon
Gambia
Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Kuwait
Kyrgyzstan
Lao People’s Democratic
Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Lithuania
Luxembourg
Madagascar
Malawi
Malaysia
Maldives

Mali
Malta
Mauritania
Mauritius
Mexico
Micronesia, Federated
States of
Monaco
Mongolia
Montenegro
Morocco
Mozambique
Myanmar
Namibia
Nepal
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norway
Oman
Pakistan
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Poland
Portugal
Qatar
Republic of Korea
Republic of Moldova
Romania
Russian Federation
Rwanda
Saint Lucia
Samoa
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
Spain

Sri Lanka
Sudan
Suriname
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Tajikistan
Thailand
The former Yugoslav
Republic of Macedonia
Togo
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Arab Emirates
United Kingdom of Great
Britain and Northern
Ireland
United Republic of Tanzania
United States of America
Uruguay
Uzbekistan
Vanuatu
Venezuela
Viet Nam
Yemen
Zambia
Zimbabwe

Territories (6)
British Caribbean Territories
French Polynesia
Hong Kong, China
Macao, China
Netherlands Antilles
and Aruba
New Caledonia
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Meteorological Balloons
Meteorological Balloons
Parachute Inside Balloons
AB Balloons
Parachutes for Radiosonde Balloons
Meteorological Instruments

Head Office and Factory
765 Ueno, Ageo-shi, Saitama-ken 362-0058, Japan Tel:(048)725-1548
Tokyo Office (International Division)
Katakura Bldg, 1-2 Kyobashi 3-chome, Chuo-ku, Tokyo 104-0031, Japan
Tel:+81-3-3281-6988 Fax:+81-3-3281-7095
E-mail: metballoon@totex.jp

w w w. s p a c e c o m . v c s . d e

Combined X-/L-band Satellite Ground Stations
SpaceCom
VCS is one of the leading suppliers of Ground Stations for data from
Earth Observation satellite missions and for production of value added
applications based on the proven 2met! ® concept.
Our combined X-/L-band ground stations are designed for operation in professional environments requiring excellent reliability and highest availability.
The VCS 2met! ® stations support the reception of data from polar orbiting
satellites for the following Earth observation missions: NOAA HRPT, METOP
A-HRPT, FengYun C-HRPT, Seastar SeaWiFS, TERRA/AQUA MODIS, NPP
and NPOESS.
Contact our experts
by emailing spacecom.sales@vcs.de or by calling +49 234 9258-112

VCS Aktiengesellschaft · Borgmannstrasse 2 · 44894 Bochum · Germany · www.vcs.de

SOLUTIONS FOR PRECISE
MEASUREMENT OF SOLAR RADIATION
AND ATMOSPHERIC PROPERTIES

Kipp & Zonen’s passion for precision has
led to the development of a large range of
high quality instruments: from all weather
resistant Pyranometers to complete
measurement networks.

Kipp & Zonen B.V.
Delftechpark 36, 2628 XH Delft
P.O. Box 507, 2600 AM Delft
The Netherlands
T: +31 (0) 15 2755 210
F: +31 (0) 15 2620 351
info@kippzonen.com
www.kippzonen.com

PASSION FOR PRECISION

A portfolio of adaptation and mitigation
measures can diminish the risks
associated with climate change.
Fourth Assessment Report of the
Intergovernmental Panel on Climate Change;
Working Group II Report—Impacts, Adaptation and Vulnerability
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