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In this issue
Global cooperation and engagement
is critical, as climate change and natural hazards continue to threaten the
most vulnerable. Getting climate
information to those who need it most
is a priority. WMO is taking the lead in
implementing the Global Framework
for Climate Services (GFCS), the
global effort to coordinate organizations engaged in producing and using
climate information and services.

User needs

In the last issue of the Bulletin (Vol.
60(1)), we made the case for a GFCS,
explored what climate ser vices
users need and showcased effective outreach strategies. This issue
focuses on user needs, climate
science and disaster risk reduction.

Water resources systems are planned
based on climate information and are
operated on the basis of weather information. The article presents a case
study of building a dam and explains
why seasonal climate outlooks – or
predictions – are of growing interest
to water resources managers in urban
and rural areas. The author argues
that mechanisms to improve cooperation and collaboration between the
water and climate sectors can only
be beneficial.

Our opening article puts a human face
on climate change, eloquently and
passionately expressed by the Prime
Minister of the Republic Bangladesh
in her address to WMO’s 16th World
Meteorological Congress, held in
Geneva in June 2011.
H e r E xc e ll e n c y Sheik h H a s ina
describes her country’s “dire predica
ment” in the face of climate change,
while declaring it is “a serious challenge to human existence”. She notes
that implementing the GFCS would be
a significant first step in the world’s
collective ef for ts to combat the
impacts of climate change. Ms. Hasina
calls on GFCS to facilitate international cooperation in science-based
climate prediction and services.
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In this section, we take a “deep dive”
into user needs in three sectors: water,
agriculture and energy. Finally, a
project in Ethiopia could be a template
for improving climate services in
Africa. These four articles clearly
illustrate that the need for long-term
historical climate information and
products is as crucial as ever.

In the agriculture sector, climate is
both a resource and a hazard. Climate
change and climate variability are the
main causes of stress on food production and availability. However, there
is a big gap between what farmers
need and available seasonal climate
forecasts. The author calls on climate
services providers to strengthen
connections with users through
engaging with user communities,
building institutional and technical
capacity, and decentralizing climate
services to be closer to user needs.

The energy sector has many requirements for meteorological services
to support decision-making for dayto-day operations and longer-term
strategic planning. This article focuses
on the electricity sector and examines
the challenges and opportunities that
meteorological services could assist
in addressing. The author notes that to
make the GFCS truly effective, there
needs to be a closer engagement
between meteorological professionals and decision-makers.
Credible information about the past
climate, recent trends and changes,
likely future trajectories, and associated impacts is key to climate risk
management. A project is underway
in Ethiopia, focusing on improving
data availability, access and use
by communities. The famine crisis
sweeping across the Horn of Africa
is another reminder of how climate
can destroy lives and livelihoods. The
project results could be improved and
scaled up to all countries in Africa,
and are readily adaptable to national
needs and circumstances.

Climate Mosaic
These thought provoking photographs
are reflections on climate change.
Each is composed of dozens of
images that have been combined and
retouched, reflecting the step-by-step,
multifaceted and multidisciplinary
approach that all stakeholders are

taking to adapt to the ef fects of
climate change on society and the
natural environment.

Climate science –
two reflections
Professor Taroh Matsuno of Japan,
an eminent research scientist in
atmospheric dynamics and a distinguished leader in climate research,
received WMO’s most prestigious
award, the IMO prize, during the 16th
Congress. In this interview, he talks
to the Bulletin about a wide range of
issues, including the challenges in
forecasting and research, particularly
in the tropics, and how research can
be translated into climate services
that reach users effectively.
In a scientific lecture to the 16th
Congress, Adrian Simmons, Chairman
of the Global Climate Observing
System (GCOS) and expert from
the European Centre for MediumRange Weather Forecasts, outlines
the challenges and opportunities
inherent in processing observations.
Observations are vital for providing
monitoring and forecasting services
for weather, air quality and climate.
Much has been achieved over the past

three decades, he argues, but much
remains to be done.

Reducing disaster risk
The final three articles focus on reducing disaster risk. Climate-related
disasters are on the rise worldwide.
As a result, interest in climate services has risen significantly. National
decision-makers need climate information to help them develop policies
to decrease the risk of disasters. At
the local level, work is underway to
make cities safer and a campaign is
underway to create a global network
of local governments committed to
reducing risk and building more resilient cities.
The first ar ticle explores how to
make climate services more effective in face of increasing natural
hazards through examining lessons
learned from Africa and the Pacific
regions. To develop effective climate
services, it is important to analyse
the key weaknesses in the national
systems, reinforce institutional links
and make the system more responsive to users needs. In short, funds
need to be channelled into making
the system more accessible and
understandable.

By 2050, urbanization will rise to
70 per cent, with a concurrent rise in
urban risk. The Republic of Korea’s
experience reveals reducing disaster risk relies on national and local
governments working together. For
mayors and municipal authorities
around the world, climate information
is one of their most important tools.
The government has made disaster
reduction a priority. Strategies include
land-use planning, structural safety,
building resilience and communitybased preparedness.
The United Nations International
Strategy for Disaster Reduction
launched the Making Cities Resilient:
My City is Getting Ready! Campaign
in 2010. The campaign is based on
three points: know more, invest wiser
and build more safely. Mayors around
the world, with the consent of their
councils, are joining the campaign
by agreeing to a 10-point checklist
for making cities resilient to disasters caused by natural hazards. The
campaign has been an overwhelming
success. A longer-term programme
will be expected to continue until 2015
and perhaps beyond.

WMO Bulletin 60 (2) - 2011 | 59

© ESA 2003

Climate change –
“a serious challenge to
human existence”
by Her Excellency Sheikh Hasina*

in climate talks. She told delegates
that she participated in the 3rd World
Climate Conference (WCC-3) after
assuming the office of Prime Minister
in 2009.

© WMO

“It was because I was keen to draw the
attention of the world to Bangladesh’s
dire predicament with climate change.
In WCC-3, we took a resolve for collective action to save our planet, followed
by the hope rekindled, for a consensus in Copenhagen, and then keeping
our faith alive for working collectively
in reducing greenhouse gas emissions and halting global warming, in
Cancun,” she said.

Her Excellency Sheikh Hasina, Prime
Minister, Government of the People’s
Republic of Bangladesh, addressed
16th World Meteorological Congress
in Geneva, 16 May 2011. She spoke
about an issue she described as “very
close to my heart” – climate change.
Ms Hasina congratulated the World
Meteorological Organization (WMO)
for making the world aware of the
impacts of climate change, and the
Inter-Governmental Panel on Climate
Change (IPCC) for its success so far

She also congratulated Co-Chairs of
the High-Level Task Force for their
timely presentation of the report on
WMO’s Global Framework for Climate
Services (GFCS), as mandated in
Geneva during WCC-3. Implementing
GFCS would be a significant step in the
world’s collective efforts in combating
the impacts of climate change.
“It would be an essential first step
in improving our ability to predict
climate, and to help users incorporate
the information into their decisionmaking. GFCS needs, therefore, to
operate at global, regional and national
levels,” the Prime Minister added.
“There is also merit in establishing

	Please refer to the WMO Website to view her address at: www.wmo.int/pages/resources/
multimedia/Cg16_HASINA.php

*
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the Inter-Governmental Board on
Climate Services with membership
of all countries.”
The Prime Minister Hasina reminded
delegates that adequate allocation
of funds for capacity building in
vulnerable countries is vital and that
industrialized countries with historic
responsibility for climate change challenges to “generously invest funds
for adaptation, and for easy access
of green technology at an affordable price”, to vulnerable economies.
All countries “should assume their due
responsibility”, but the burden falls
heavily on industrialized countries. The
fund should be adequate, sustainable
and easily accessible to meet the full
cost of adaptation. Contribution to this
fund should be over and above the
usual official development assistance,
based on population and vulnerability
ratio.

Bangladesh on the frontline
“This climate fund must be made
operational soon,” she urged. “Today,
climate change poses a serious
challenge to human existence. Among
the frontline countries confronted by
the impacts of climate change, stands
Bangladesh.”
The Prime Minister noted that for
several decades her country has been
experiencing a gradual increase in

Bangladesh is a negligible emitter of greenhouse
gases and yet is among its worst victims.
erratic floods, river erosion, cyclones,
earthquake murmurs, tidal bores,
encroachment of salinity in the low
lying coastal areas due to sea rise,
and desertification. These natural
disasters have been threatening the
population’s food, water and health
security, biodiversity and ecological
balance as well as diminishing
livelihood options and income levels.

Mitigation and
adaptation measures
Bangladesh is a negligible emitter of
greenhouse gases and yet is among
its worst victims. The country has
adopted a 134-point Climate Change
Strategy and Action Plan. The country
is also carr ying out its “moral
responsibility” in terms of mitigation
obligations. Agricultural practices
are being changed, crops attuned to
climate change are being developed —

Other major adaptive measures
include capital dredging of rivers to
ensure flow water and to enhance
navigability, strengthening coastal
belts with mangrove plantations,
modernizing disaster management
systems, expanding social safetynet programmes and creating jobs.
Without waiting for assis tance
from others, the Government is
using funds from its own Climate
Change Trust Fund, established with
US$ 200 million. In addition, a MultiDonor Trust Fund with the support
of development partners has been
established.
“The amounts are, however, meagre in
comparison to the needs. Bangladesh
is most vulnerable to climate change
in terms of scale and intensity,” she

© OECD

Since Bangladesh’s independence in
1971, the country has spent more than
US$ 10 billion on adaptation, including
flood management schemes, protection of riverbanks, cyclone shelters,
polders and elevation of road levels.
These measures were accomplished
by diverting funds allocated for development priorities. As a result, this
has slowed development, including achievement of the Millennium
Development Goals (MDGs).

However, the country has registered a
Gross Domestic Product (GDP) growth
rate of 6 per cent for the last decade,
and remained on course to achieving
the MDGs targets by 2015. “This is due
to the ingenuity, resilience and hard
work of our people,” Prime Minister
Hasina said.

20 per cent of the land will be covered
with forests by 2015 to create a large
carbon sink. Bangladesh is following
“a low-carbon path to development”
with renewable energy covering 5 per
cent of its energy requirements by
2015, and 10 per cent by 2020.

“Our people – ingenuity, resilience and hard work.”
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modernized. However, they require
greater science-based facilities and
capable human resources.

© Tahsin R Hossain

The Prime Minister called on GFCS
to facilitate international cooperation
in science-based climate prediction
and services. She also called on the
international community to craf t
a binding agreement on cut ting
greenhouse gas emissions in face
of the “looming danger” of climate
change.

Collective action in Durban
In the rivers of Bangladesh, the sandbars emerging as islands create new opportunities to
establish settlements and land for agriculture. Once vegetated, these lands are called “chars”
in the local Bangla language. This tropical cyclone shelter, built by Caritas Bangladesh, is
also used as a primary school. It is the only place high enough for people to take shelter
and has saved many lives during previous cyclones.

added, pointing out that scientific
studies estimate a one metre rise in
sea level by 2050 would submerge
one-fifth of the country, displacing
over 20 million people. Mass migration to cities is inevitable impacting
livelihoods, biodiversity, food, water,
sanitation and basic infrastructure.
Such migration could “cause complications with neighbours and enhance
cross-boundary crime such as human
trafficking, gunrunning and drugs”,
Prime Minister Hasina warned. She
called for a “new legal regime” under
the UN Framework Convention on
Climate Change (UNFCCC) to ensure
“so cial, cultural and e conomic
rehabilitation” of climate-induced
displaced migrants.

Disaster preparedness
Through decades of living with
natural disasters, Bangladesh has
engaged in disaster preparedness,
which is now a major focus in the
country’s development planning.
For effective management, a book
is now available – Standing Orders
on Disasters – outlining functions
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of all concerned agencies to handle
emergency situations.
In 2009, the government developed a National Plan for Disaster
Management 2010 –2015 in line
with commitments under the
Hyogo Framework for Action. This
aims to reduce vulnerabilit y of
the poor to manageable levels. To
date, 14 000 cyclone shelters have
been constructed. A new approach
to managing disasters is the total
participation of government and nongovernment bodies and the local
community. A national preparedness
committee is in place to formulate
strategies for rescue operations
and 64 000 volunteers have been
registered in the coastal areas. The
capacity of early warning systems
of concerned organizations has
also been strengthened and mobile
telephony is in use for early warning.
The meteorological offices have been

Prime Minister Hasina pointed to the
missed opportunities in Copenhagen
and Cancun and made a plea for
collective action in Durban. “Today
some countries face climate challenges, but tomorrow, the whole
world will. To save our planet and
ourselves, we have to reduce greenhouse gas emissions. This has to be
on the basis of equity and the principle of common but differentiated
responsibilities with the participation
of all countries,” she said.
The Prime Minister concluded: “We
have no other alternative but to
reject all our short-sighted needs
and remain united to our pledge of
a safe, secure world for our future
generations.”

Today some countries face climate challenges, but
tomorrow, the whole world will.

Managing water
resources with climate
information
by Bruce Stewart*

The need for long-term historical
climate information and products
is as important as ever. Advances
in the science of seasonal climate
prediction have created significant
potential for this science to contribute to improved water resources
management practices. Improved
collaboration bet ween the t wo
sectors can only be beneficial.
T here is a s trong rela tionship
bet ween weather and water
resources management that tends
to be operational in nature. Dams can
be operated on the basis of inflows,
which are forecast using predicted
rainfall amounts; irrigation systems
can be optimized based on weather
parameters such as evaporation, wind
speed, soil moisture and temperature
data.
The old adage of “climate is what
you expect, weather is what you
get” applies to climate, weather and
water resources management. We
plan our water resources systems
based on climate information and we
operate them on the basis of weather
information.
Climate data plays a significant
role in hydrology, the study of the
movement, distribution, and quality
of water. In hydrology, a water

“Climate is what you expect, weather is what you get.”

balance equation can be used to
describe the flow of water in and
out of a system. Water balance
components include precipitation,
evapotranspira tion, river f low,
water supply storage, groundwater
storage, water supply releases and
transfers, and discharge into the
oceans.
Hydrologists are interested in any
climatic factor that influences these
components. To fully understand
water supply capabilities, one must
clearly understand the water balance
of a region, including river basins
or groundwater aquifer systems.
Inadequate information for any of
these elements will make it more
difficult to estimate the resources
that are available for development.

Case study: building a dam
Assuming that we want to construct
a hydrological structure such as a
dam, what are the major climate
data information needs and why? We
need to know two things, and each is
climate related:
•

*	Former President of the WMO Commission
for Hydrology

How much water can we expect
to withdraw from the dam each
year?

•

How big do we have to make the
spillway so that the dam is safe?

Inadequate or poor-quality climate
information can result in a dam that
does not provide the level of supply
for which it has been designed, or a
high financial cost of a dam that is
bigger than it needed to be to meet
the demands for water in a region.
Long-term data needs: Streamflow
records are either short or nonexistent
at proposed dam sites in mos t
countries. To determine the potential
yield of a dam, a long-time series
of hydrological data are required.
If streamflow data are available,
hydrological models are calibrated
using climate data inputs such as
rainfall and evaporation. The longer
the streamflow records, the better the
calibration potential; the longer and
better the spatial representation of the
climate data, the better the modelled
hydrological time series will be.
The usual time steps for this data
are daily rainfall data and monthlydaily averages of the other climate
parameters that have less variability
and less influence on the streamflow.
In many instances, ver y simple
monthly rainfall-runoff analyses have
been used to good effect. In the long
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Storage simulation needs: The next
stage is to run a storage simulation
study for the dam site with basic
elements of monthly streamflow
(inflow) and monthly evaporation.
The analysis takes into account losses
from the system due to evaporation
and infiltration (see page from the
bottom of the storage) and determines
the level of withdrawals that can
be made (storage yield) over the
historical period. Analyses are made
for a range of storage sizes and a
storage-yield curve is compiled. This
curve is used to determine, from a
supply perspective, the optimum size
of the dam.
There are various techniques used
to identify the uncertainty in such
analyses, including generating
dif ferent sequences of inflows,
based on either rainfall time series
generation or streamflow time series
generation. However, these are
statistical techniques that do not rely
on the underlying climate information.
What characteristics of the climate
record are of impor tance to the
hydrologist in this case?
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•

First, the longer the time series
the better. It is essential to cover
the long historical periods of low
inflows; these determine the storage-yield relationship.

•

Second, the time step in the
observations is impor tant. It
depends on the response time
of the catchment, usually based
on catchment size.

•

Third, the spatial distribution
of the rainfall is important. The
number and distribution of rainfall sites within the catchment
impacts the quality of the derived
streamflow.

available for analysis. This usually
requires the estimation of the Possible
Maximum Precipitation (PMP). PMP
is defined as: “...the greatest depth
of precipitation for a given duration
meteorologically possible for a given
size storm area at a particular location
at a particular time of the year, with
no allowance made for long-term
climatic trends.”

In a changing climate, it will be
important to know and understand
how these inputs will be altered by
climatic change. Will periods of low
flow be longer or more frequent?
Estimating floods: Another
hydrological requirement in dam
de sign is that of the Probable
Maximum Flood (PMF). Dam designs
estimate the largest possible flood a
spillway will be required to manage.
In most instances, modelling and
extension of extreme storm events
is used as a technique because of the
relatively short periods of records

© James Greer, USGS

term, monthly streamflow data for as
long a period as possible are required
for storage-yield analyses.

Preparing to measure streamflow from a
bridge.

There are many techniques that are
used to estimate PMP. They can be in
situ studies that look at extreme events
in the river basin, or regional studies
that look at climatically homogeneous
regions so as to increase the base of
extreme rainfall events. The analysis
examines each extreme event, identifying the highest potential rainfall,
given the most extreme conditions
to produce precipitable water. Once
all events have been analysed and
rainfall amount versus time duration
can be plotted, an enveloping curve
is drawn to estimate the PMP.
There are variations on this approach,
but the basic climate information
required remains the same: rainfall
in at least hourly time steps, storm
dew point data, and historical dew
point data.
The rainfall data have a dual use.
If streamflow data are available for
the dam site, a flood model can be
calibrated using the available rainfall
and streamflow data. Then the PMP
can be input to the flood model and
the PMF determined. If data are
not available at a specific dam site,
regional approaches are an option.
They depend on the availability of the
same types of information within the
region, or in a hydrologically similar
region.

There is a strong connection between the water and
climate sectors.

cannot handle the PMP and which
will pose a higher risk of failure and
dam break. “Over design” can also
occur with poor data, bringing a
potentially high financial cost. There
have been a number of instances of
dam break due to inadequate spillway
design. There have also been cases
of expensive major upgrades to
spillways following extreme events
in a region that exceeded PMP
estimates.

Seasonal climate outlooks
for decision-makers
An area of climate studies of growing
interest to water resources managers
is that of seasonal climate outlooks or
predictions. These are often related
to extended hydrological predictions
spanning several weeks to a year,
which can enable proactive planning

and adaptive responses, such as to
seasonal water supply shortages.
Seasonal predictions can inform the
range of decisions extending from
environmental watering strategies to
operating a diversified water supply
scheme.
Urban areas: Water resources in cities
are under increasing pressure from
growing populations and high per
capita water consumption. Managing
urban water demand through the
right mix of restrictions, pricing
and efficiency is essential for ensuring healthy, safe and reliable water
supplies in times of low water availability. Urban water authorities prepare
a range of plans to implement sustainable water strategies and government
policies, including plans for corporate action, drought response, and
permanent water saving.

The hydrologist undertaking these
studies would want to know if climate
change will result in conditions
conducive to creating more extreme
storms.

Financial impact of
climate data

Inadequate or poor rainfall data
can result in a spillway design that

© World Bank/Issa Michuci

Again, the longer the period of record,
the larger the number of extreme
events available for analysis, and
the better the spatial distribution of
rainfall measurement sites, the more
accurate the actual catchment rainfall
will be.
The Mtwango Irrigation Scheme, Zanzibar, 2006, has helped increase the production of rice
and other crops in the area, providing water during the dry season. The project increased
the land available for irrigation and rice cultivation.
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serial correlations in streamflows,
due to soil and groundwater storages extending the time between
incidence of rainfall and any resulting streamflow and future rainfall.
The other is climatic conditions that
influence future streamflows. Many
indices of large-scale climate anomalies, such as the Southern Oscillation
Index and Indian Ocean Dipole Mode
Index, show significant concurrent
and lagged correlations with rainfall
and streamflows.

Streamflow measurement: a key factor for understanding water balance.

Streamflow predictions also inform
demand management programmes.
An increase in river flow forecast in
the middle of summer can dramatically af fect water consumption.
Mid- to medium-term forecasts (three
to six to eight months) are important
to the urban water industry, both for
planning restrictions and for decisions
on introducing new water sources.
Forecasts are used for urban water
management. A particularly useful
product would be one that provides
water utility companies with a way to
predict where their storages will be
at the end of the filling season.
Rural areas: Rural water authorities
are responsible for supplying water
for non-urban water uses, particularly
irrigation and livestock and domestic supply. They also manage public
reservoirs and supply water to urban
water authorities. Extreme weather
events can have a serious impact on
rural water authorities. Advance warning would provide opportunities for
improved allocation and use of water
supplies.
Irrigation is a widely used practice
to supplement low rainfall levels for
assisting in the production of crops
or pasture. Common crops produced
using irrigation include rice, cotton,
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canola, sugar, various fruits, vegetables, and other tree crops, as well as
pasture, hay and grain for beef and
dairy production.
The main concerns for farmers are
soil moisture, followed by how much
water is already allocated through
bores or rivers, and then the seasonal
forecas t. Seasonal information
becomes more important as irrigated crops grow.
Dryland farming involves cultivating land that receives little rainfall.
Key elements of dryland farming
include: capture and conservation
of available moisture, effective use of
available moisture, soil conservation
and control of input costs. Dryland
farmers use seasonal forecast information in their planning to manage
risk. There is a significant preparatory
investment on large farms when the
outcome of the season is in doubt.
Growers will not plant as much if it is
looking like a bad season. However, if
the outlook is good they may decide
to increase the growing area.

Predicting streamflows
There are two main sources of predictability in streamflows. One is strong

When the skill of seasonal streamflow
fore c as t s produced using only
antecedent flow predictors is high,
climate predictors tend to add little
skill. When the flow predictors are low,
climate predictors tend to increase the
skill of the forecasts, in some cases
substantially.
In terms of a changing climate, the
hydrologist will need to know if the
current climate drivers will continue to
influence seasonal climate outlooks.
If not, what new drivers are likely to
emerge and what will their impacts
be?
These examples show the strong
connection between the water and
climate sectors. Mechanisms to
improve cooperation and collaboration between the two sectors can
only be beneficial.

Understanding user
needs for climate
services in agriculture

Climate is both a resource and a
hazard. By harnessing climate information and services for decision-makers,
the agriculture sector will be better
placed to provide food for a more
crowded and increasingly urban world.
Technology for gathering and disseminating reliable climate information
has improved. However, the information does not necessarily reflect
what users need. For example, while
significant advances have been made
in operational seasonal climate forecasts, these are mostly global-scale
products and do not provide reliable
information on user-relevant scales.
In today’s constantly changing environment, farmers need accessible as
well as usable climate services for
managing climate risks and exploiting climate resources.

Climate and agriculture
If resources are to be used in a
sustainable way, they must be known,
understood, assessed in quantitative
te r m s an d p r o p e r l y mana g e d .
Climate is no exc eption. Solar
radiation, rainfall and temperature,
together with mineral nutrition and
management, are critical to primary
agricultural production potential.

*	Formerly a Senior Agro-meteorologist,
Food and Agriculture Organization of the
United Nations, (FAO)

© FAO

by Michele Bernardi*

Science-based climate information
generated through observations, data
and diagnostics can be used to assist
farmers in planning their activities.
Agriculture constitutes the principal
livelihood of 70 per cent of the
world’s poor. Many of the world’s
poor and hungry are smallholder
farmers, herders, fisher folk and
forest dwellers, including indigenous
people living in climate-sensitive
vulnerable areas. Nearly half of
the economically active population
in developing countries relies on
agriculture for its livelihood.
On average, agriculture accounts for
about 30 per cent of Gross Domestic
Product in agriculture-based countries
and for 50 per cent of employment
in the developing world. Developing
countries, which represent 80 per cent
of the world’s population, are home
to about 500 million small farms,
supporting around 2 billion people.
Three out of four poor people live
in rural areas, and most depend on
agriculture for their daily livelihoods.
Climate variability and climate change
are the main causes of stress on food
production and availability. About
50 per cent of the inter-annual variability of production is due to weather
variabilit y and 5 –10 per cent of
national agricultural production is
lost annually due to unfavourable
weather conditions. Chronic losses
and indirect negative effects, such

as diseases and pests, by far exceed
those due to extreme and statistically
rare climatic events. Production losses
due to pests, diseases and weeds
are estimated at 26–30 per cent for
sugar beet, barley, soybean, wheat
and cotton; and 35 per cent, 39 per
cent and 40 per cent for maize, potatoes and rice, respectively (Oerle et
al., 1994).

Feeding a more
demanding world
To feed a larger, more urban population
in the coming years, food production
– net of food used for biofuels – must
increase by 70 per cent. By 2050 the
world’s population is expected to
reach 9.1 billion, 34 per cent higher
than today. Most growth will occur in
developing countries. Urbanization
will continue to accelerate. About
70 per cent of the world’s population
will be urban, compared to 49 per cent
today. Annual cereal production will
need to rise to about 3 billion tonnes
from 2.1 billion today and annual meat
production will need to rise by over
200 million tonnes to reach 470 million
tonnes (FAO, 2009b).
At the same time, increasing demand
from consumers in rapidly growing
economies for more resource-intensive agricultural products (moving
from grains to meat) will also add
stress to global food production.
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These population trends will put
enormous pressure on agriculture,
forestry and fisheries sectors to
provide food, feed and fibre as
well as income, employment and
ecosystem services. At the same
time, these sectors must also respond
to the challenge of climate change.
The challenge is to dramatically
increase agricultural production to
ensure global food security, while
maintaining the natural resource base
and responding to climate change
through adaptation and mitigation
measures (FAO, 2009a).

Outlining needs
Agriculture provides work in many
sectors, including education, research,
extension services, agro-industries
and processing, commodities and
trade, infrastructure, transport and
pharmaceutical. Agricultural extension ser vices provide technical
guidance to farmers and are typically under the administration of
each country’s ministry of agriculture. These extension services also

There is a big gap between what farmers need and
available seasonal climate forecasts.

provide useful climate information to
farmers in coordination with National
Meteorological and Hydrological
Services (NMHSs). There are three
main climate services required for
the agriculture sector.
Assessment of extreme weather
and climate events: Specialists use
statistics on the frequency, duration
and intensity of extreme weather and
climate events and their expected
changes to make informed decisions.
They use it for long-term investment
in infrastructure and land settlements
such as dams for irrigation and disaster mitigation and decide on where
to locate buildings. This information
also helps in making cost-effective
choices for which construction methods to use, and how much heating
and cooling is needed for critical
infrastructure.

Why farmers in Sub-Saharan Africa may not use seasonal forecasts
Constraint to seasonal forecast use and benefits by farmers

Climate predic tions: Climate
predictions on monthly to seasonal
to decadal (10-year) time scales help
with decisions on which variety to
plant and when, how much water
is needed for irrigation, when and
where disease outbreaks are likely to
occur, or whether to reduce livestock
numbers in case of drought.
Climate change projections: This
information is used to indicate precipitation and temperature patterns
in the time frame of 30 –50 years.
Projections can be used to guide
major investment decisions relating to long-term water management,
such as whether and where to build
new reservoirs. Crop yield scenarios
are also available based on climate
change projections, which can guide
policy on food security aspects.

Information is
not reaching users

Coarse spatial scale lacks local information
Lack of information about timing of rainfall
Lack of information about season onset or length
Ambiguity about forecast categories
Forecasts not in local language
Accuracy not sufficient
Inequitable access
Forecasts available too late
Neglected communication of favourable forecasts, bias toward adverse conditions

While climate information services are
essential to help address the growing
demand for food in a changing
climate, the information does not
always reach the users who need it
most. Several impediments limit the
generation and the dissemination of
climate information at the required
quantit y, qualit y and timeliness
(WMO, 2006). These include:
•

Existing data policies in several
cases inhibit free and open data
dissemination, either because
there is financial pressure leading to institutional cost recovery,
privatization, or limited resources
due to low prioritization in
national budgets.

•

Despite the efforts in modernizing data managements systems

Access to draft power

Source: Hansen et al., 2011

Access to seed of desired cultivars
Access to financing
Access to land
Access to labour
Input or marketing costs
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worldwide, climate archives still
need to be completely digitized,
quality controlled, and homogenized especially to cover all
climate elements, not solely
temperature and precipitation,
as well as all old climate records
(WMO, 2007).
•

•

Gaps may exist for climate observations when meteorological
stations in critical areas have
stopped functioning and time
series have been discontinued.
This has serious implications for
analysis, especially for quantifying observed climate variability
and change which is essential
for operational management and
early warning systems.
Lack of capacity in using satellite
data services.

Seasonal forecasts
Intra- and inter-seasonal variability
has a major impact on agriculture.
Farmers may be unprepared for
expected weather conditions and

I
35%
40%
25%

Seasonal climate forecasts are mostly
based on the El Niño -Southern
Oscillation (ENSO) that refers to
shifts in surface temperatures (SST)
in the Eastern Equatorial Pacific and
related shifts in barometric pressure gradients and wind patterns
in the Tropical Pacific (the Southern
Oscillation). ENSO activity is characterized by warm (El Niño), neutral
or cool (La Niña) phases identified
by SST anomalies. Although the
ENSO phenomenon occurs within
the Tropical Pacific, it affects interannual weather variability in many
other regions of the world.

October-November-December 2010
V
25%
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35%

II
40%
35%
25%

make decisions based on an understanding of general climate patterns
in their regions. Better climate predictions three to six months in advance
can help shape appropriate decisions,
reduce impact and take advantage of
forecasted favourable conditions.
Seasonal forecasts provide probability distribution for monthly to
seasonal means of climate parameters (in terms of their anomalies
from climatological normals), such
as rainfall and temperature, several
months in advance.
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III
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However, such regional-scale outlooks
are far from being a climate service
adapted to farmers’ needs. The output
of the model was originally developed
to support national meteorological
and hydrological services to spatially
downscale the forecasts. However,
in actual practice, regional-scale
seasonal forecasts reach national
stakeholders in the original form,
format and scale without any improvement and adaptation to the needs of
users within their countries (Hansen
et al., 2011).

Bridging the digital divide
VII
40%
35%
25%

VIII
35%
40%
25%

IV
25%
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Good teleconnections with ENSO do
exist with the regional climate during
cropping seasons in West Africa,
Southern Africa and the OctoberDecember “short rains” in East Africa.
Forecasts based on such teleconnections and other approaches are jointly
assessed by countries in the respective regions through the well-known
regional climate outlook forums
(RCOF), to develop a consensus-based
seasonal climate outlook. For example, the map below, shows such a
seasonal rainfall forecast prepared by
the Southern Africa Regional Climate
Outlook Forum (SARCOF), which
delineates areas of expected rainfall anomalies in probabilistic form,
in tercile categories (above-normal,
normal and below-normal).

IX
35%
40%
25%

Source SARCOF

Seasonal forecasts as prepared by the Southern Africa Regional Climate Outlook Forum
(SARCOF). The climate scientists determined likelihoods of above-normal, normal and belownormal rainfall for each area. Above-normal rainfall is defined as within the wettest third
of historically recorded rainfall amounts; below-normal is defined as within the driest third
of rainfall amounts and normal is the middle third, centred on the climatologically median.

Farmers experience a “digital divide”
in the use of seasonal forecasts due
to content, resources, access and
attention to specific needs. Obstacles
that must be addressed include lack
of predictability of climate and crop
response at a farm scale, inadequate
infrastructure to inform and support
producers’ choices, inability to adjust
management in response to new
information, and inability to tolerate
the risk of a wrong forecast. For
seasonal forecasts to influence action,
users must perceive the climate
information service as:
•

Credible – strong technical quality and authority;
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•
•

Salient – relevant to decisionmakers; and
Legitimate – in the interest of
users (Hansen et al., 2011).

Improving seasonal forecasts
A big gap exists between what is needed
by farmers and the seasonal forecast
information that is routinely available.
To respond to practical needs, the structure of seasonal forecasts should take
into account: downscaling and local
interpretation; growing season weather
beyond the seasonal average; accuracy
expressed in transparent, probabilistic terms; and interpretation of results
in terms of agricultural impacts and
management implications.
For example, research suggests that
seasonal forecast information at the
local level should at least:

•

Forecast probability distribution
of seasonal rainfall total plotted against the climatological
distribution;

•

Compare time series of historic
climate observations such as
monthly rainfall amount against
hindcasts (i.e., results of statistical
calculation determining probable
past conditions); and

•

Provide some information for the
number of rain days (Hansen et
al., 2011).

Several studies confirm that farmers can
and actually do get substantial benefits
when there is communication with
those who produce climate information
products, and when farmers’ needs
are taken into account. Field surveys
indicate that between 30 per cent and
80 per cent of farmers who reported

receiving seasonal forecast information
have changed their management
practices, such as the time of planting
and crop variety, based on the forecasts
(Hansen et al., 2011).
Frequency of weather and climate
forecasts is also an important element
to be taken into account. The frequency
for weather forecasts should be daily,
three day and weekly. For intraseasonal and seasonal forecasts,
the frequency should be monthly
and seasonal. For climate change
projections, there should be a 10-year
medium-term projection, as well as
scenarios covering 20 to 30 years.
Climate information should include the
revelant spatial and temporal resolution
detail to support the needs of users at
local, sub-national, national, regional
and global levels. Following are some
examples of needs at various levels.

Localized climate services for agriculture
Climate products and services are changing. For
example, the Food and Agriculture Organization of
the United Nations (FAO) is promoting the concept
of localized climate services for agriculture based
on four main elements:
•	Collection and synthesis of data on local
weather, climate, crops and market price of
crops and inputs;
•	Use of weather and climate forecasts;
•	Analysis and development of impact outlooks
and management options; and
• Communicating to end-users.

© FAO

According to the brochure Climate Services for
Food and Agriculture* by FAO:
“Localized climate services consider community
perceptions, traditional knowledge, livelihood
patterns, gender and reliable communication channels. Decentralized climate service promotes community
participation and enhances two-way feedback. The value added climate services for agriculture assists to
identify, analyse and prioritize the current and future vulnerabilities and climate risks and design management
strategy to promote proactive decision-making.”
FAO also offers capacity building, advocacy and policy support for localized climate services for food and
agriculture.
* www.fao.org/climatechange/24055-0bff9e625c218f4c63011eb6b53040326.pdf
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Local needs encompass information
for decisions on agronomic, livestock
and fishery management practices.
Sub-national needs include food
availability, monitoring, storage and
input supply, marketing, procurement
and credit. National needs include
information to develop policies,
planning and action plans.
Among regional and international
needs are food security, managing
transboundary pests and diseases,
river water monitoring, and tracking
for extreme events such as drought
and river floods.

Strengthening connections
with users
The key elements of climate services for agriculture are: monitoring,
data, tools and methods; managing

risks of climate variability and climate
change; managing food systems and
resources; advancing payment for
environmental services and risk transfer mechanisms; and contributing to
food security information and emergency response.
These climate services can only be
relevant if they reach the user effectively. Farmers receive information in
various ways, mainly through bulletins, radio (as in Zambia), or in the
best cases, by advisories and extension services.
Information providers should consider
the following priorities to ensure their
information is being used in a way that
will generate positive action. First,
they should engage user communities
and work to bridge communications
gaps. Second, they should build
institutional and technical capacity,

concentrating on mechanisms that
improve better interface with users.
Third, they should consider decentralizing climate services to be closer
to user needs, with feedback and
dissemination options. Finally, they
should consciously strive to integrate
advocacy and policy decision-making.
Finally, because each provider has
a different purpose, they will need
to focus on different approaches
to improve user outreach. National
Meteorological and Hydrological
Services should consider the needs
of agriculture support services and
farmers when developing weather
and climate information products.
Agronomic and agro-meteorological
researchers should consider temporal and spatial dimensions of climate
impacts, contingency plans incorporating new technologies and better

Reaching farmers in the field – RANET

© International Center for Tropical Agriculture

Radio and Internet for the Communication
of Hydro-Meteorological Information
for Rural Development (RANET) helps
national and regional organizations get
useful information to rural and remote
places with the aim to promote sustainable development and reduce disaster
losses.
To this end, RANET works with national
and other partners to develop new
communications tools, as well as provide
training and capacity building. RANET
focuses on managing and deploying
technologies in partnership with national
agencies that produce the information.
RANET is a collaboration among national
hydro-meteorological services, NGOs and communities.
These partners work together to make weather, water and climate information available to rural and remote
populations – those most in need of environmental forecasts, observations and warnings.
RANET is organizationally similar to many open source technology projects. It relies on volunteer contributions
that are capable of being customized and promotes the exchange of experience and know-how. RANET is
managed at the national, local, regional and global levels.
Source: www.ranetproject.net/
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•

Pre-requisites must be in place
such as capacity building, awareness and collaboration.
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impact data collection, as well as
monitoring and analysis – including
climate change.

Increase farm level productivity to
bridge yield gaps and reduce risks
•

Agriculture extension and communitybased organizations should consider
impact outlooks and management
alternatives addressing local needs,
as well as communicating information and receiving feedback.

Recommendations –
opportunities for
improvement
If the agriculture sector is to make the
best use of climate information and
services, providers should address
opportunities for improvement in
four areas.

•

•

Upgrade the monitoring and data
collection network in rural areas,
as well as systematic data archival and management; and
Use modern information products
and implement forecasts from
regional and international centres
at the national level.
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Deliver reliable, timely, locally
understandable climate information with response options to
farmers, considering inputs, credit,
market and financial aspects.

Strengthen climate and agriculture
services
•

Integrate climate information into
insurance, credit provision, crop
monitoring and yield forecasting, and humanitarian response.

•

Establish reliable communication
mechanisms to provide needsbased information and feedback
to National Meteorological and
Hydrological Services and agronomic research and extension
services.

Improve meteorological and
climate data collection and use
•

Farmers should be at the centre of
the analysis of the climate impacts
and response strategies.

Strengthen the capacity of farmers
and institutions to better respond to
price shocks
•

Build social capital and raise awareness. These are key to enhancing
trust at the community level.
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Meteorology encompasses the
science of both weather and climate.
The energy sector has diverse requirements for meteorological services
to support decision-making for both
day-to-day operations and for longerterm strategic planning.
This requirement is driven in part
by the natural climate variability
(including extreme weather events)
and increasingly by climate change
as manifested through the physical
climate and through policy responses
to the issue.
The required meteorological services
can be broadly categorized in two
ways:
•

•

Those that support decisionmaking concerning the
implementation and operation
of new technologies for energy
production; and
Those that support decisionmaking for reducing greenhouse
gas and polluting emissions
by exis ting energy sec tor
infrastructure.

This article addresses the issues
surrounding the availability, supply
and use of meteorological services
in the energy sector, particularly that
part of the sector responsible for
producing electricity. It also endeavours to examine the challenges and
opportunities that meteorological
services could assist in addressing.

The WMO-led Global Framework for
Climate Services (GFCS) – a new global
information service – is also described.

Factors affecting
electricity production
The energy sector’s requirement
for meteorological services clearly
needs to be addressed within the
contex t of climate change. But
this is certainly not the only, and
possibly not even the dominant,
driver of change for the sector in the
decades ahead. The economics of the
industry will always be fundamental.
Evolution and revolution in the cost
of the various energy production
technologies, whether determined
through government policy or by
new scientific and technological
developments, will be the key driver.
Also, the demographics of the market
(size and location of the energy
consumers) for energy will continue
to be an important driver in the overall
market.
Starting with demographics, it is clear
that rising population, particularly
in urban centres, is increasing the
demand for energy, with peak demand
in many countries now occurring
in summer as the total capacity of
installed air conditioning systems
continues to grow. Added to this is
the demand for reliable, high-quality
electricity supply as more and more

© Nysted Havmøllepark

Meteorology and
the energy sector a WMO perspective
businesses and homes rely on, or
at least expect, that the electronic
devices they use will be continuously
available. The aggregate sensitivity
of demand for domestic electricity
to the meteorological conditions is
reflected by the use of the measure
of degree days. A relatively benign
climate is one for which the sum of
the annual average number of Heating
Degree Days and Cooling Degree
Days (Figure 1) is relatively small (say
less than 2 000). However, national
averages hide important regional
variations for large countries, such
as Australia. It must also be noted that
the energy industry must be scaled to
accommodate the extremes, not just
the annual mean values of heating
and cooling degree days1, now and
in the future.
Technological change is also occurring
at a rapid pace. For countries with
access to reserves of coal, it is clear
that large-scale, coal-fired plants are
the most cost effective way to generate
electricity. The price competitiveness
of niche energy production systems
whose ef ficiency is af fected by
meteorological conditions, such as

	Unit for estimating the demand for energy
required for heating or cooling. In the
United States, the typical standard indoor
temperature is 65°F (18.3°C). For each 1°F
decrease or increase from this standard in
the average outside temperature for each
day this occurs, one heating or cooling
degree day is recorded.

1

Source: BusinessDictionary.com
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Energy demand
(as reflected in degree days)

wind and solar, is improving. However,
for large - scale, grid- connec ted
applic a tions c oal -, hydro - and
increasingly gas-generations are the
preferred options.

From Table 1 it can be seen that as
the efficiency of the wind generation
technologies improves to make them
economically viable at lower speeds,
the area of land suitable for wind
farms increases logarithmically.

User perspectives
This section takes a user perspective
on the demand for meteorological
services to the sector of the economy

Cooling degree day (°C x days)

Meteorological conditions also affect
production. Extreme events such as
Australia’s Queensland floods, that
occurred in December 2010 through
to early 2011, caused widespread
disruption as open-cut coal mines,
a source of coal for power stations,
were flooded. For the producers of
hydroelectricity the occurrence, or
lack of rainfall is a major determinant
on their ability to generate electricity. For solar producers the key is
sunshine hours, while for wind farms
the variable used to assess sites is
the mean wind speed at the height
of the hub of the wind-generating
propeller, with a mean wind speed
exceeding 8 m/s found at excellent
sites and 7 m/s at good sites.
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Niger, 4 033 cooling
degree days
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Mongolia, 6 681
heating degree days
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Figure 1 — Spread of annual mean number of heating degree days (HDD) against cooling
degree days (CDD) for 171 countries, using a baseline of 18°C for the zero HDD and CDD
temperature (Baumert and Selman, 2003).
responsible for electricity generation
and distribution. To further limit the
scope of the analysis, the article
considers five classes of decisionmakers who might conceivably use
weather and climate information
to make decisions relating to the
electricity supply sector: the public,
electricity grid managers, policymakers, energy sector investors
and energy traders (see Table 2).
The requirements of these different
classes of decision-makers differ
markedly and have the potential to
conflict in some areas.

Percentage of the
80 000 km2 land area
(excluding woodland)

Land area
(km2)

9

0.02%

19

8.5

0.08%

71

8

0.16%

134

7.5

0.54%

460

7

3.07%

2 635

6.5

12.13%

10 396

6

28.60%

24 500
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5 000

Australia, 823 heating degree days and
839 cooling degree days

Table 1 — Wind field mapping for 80 000 km2 (Coppin, Ayotte and Steggel, 2003)
in the vicinity of the Great Dividing range in Eastern New South Wales showing
the percentage of the non-woodland area, and actual area, where specified mean
wind thresholds are exceeded.
Mean annual wind speed
exceeded (m/s)

4 000

Heating degree days (°C x days)

The public
The public generally expects their
electricity supply to work effectively
day-in, day-out. The times when
meteorological factors work towards
threatening supply will most likely
be during severe weather. If a severe
storm or bushfire during a heat wave
threatens supply, the public has a
reasonable expectation of forewarning.
Similarly, if high demand for electricity
during a heat wave is likely to lead to
power outages or electricity rationing,
again the public expects forewarning.
In the lead up to and during such
events, products and services that
combine weather information from
the meteorologic al communit y
integrated with information relating
to infrastructure vulnerability and
likely demand are required from the
electricity sector.
There may also be interest in the
climatology, or likelihood of the
occurrence, of such events. Given
the broad range of experienc e
and expertise in the public using
meteorological services, the emphasis
is often placed on simple products
that are routinely available.

Electricity grid managers
The managers of the grid affecting
the public (and industry) have a great
deal of responsibility placed upon
them in terms of managing the mix
of sources and the distribution of
electricity between regions.
The variability in demand will be
driven by a number of parameters. For
example, is it a weekend, public holiday
or normal working day, and will it be
a high heating or cooling degree day
for some part of the grid? Variability of
supply is also important; has rainfall
been high enough to support a good
level of peak hydro-electricity supply,
will the peak demand have to be
accommodated with a high level of
electricity from gas generation, and,
as the newer sources such as wind
and solar become significant, how
will they impact supply?
The electricity grid manager needs
real-time temperature, wind and
rainfall data as inputs to relatively
sophisticated supply and demand
models, the output from which is
an input to decision-making. It is
likely that the grid manager would
have some interest in climatological
information, but it is most likely that
this would not be highly important
for day-to-day operations.

Table 2 — The demand for different types of meteorological information for five
classes of decision-makers with an interest in the electricity segment of the energy
sector. Coloured shading provides a subjective assessment of the importance of
three types of meteorological product.
Decisionmaker

Demand for weather
data and information

Demand for climate
data and information

Demand for complex
products and analyses

The public

Real-time data of
temperature, wind
and rainfall (including
real-time radar
observations of
rainfall), along with
forecasts of these
elements, particularly
for their area of
residence.

Information
concerning extremes
of temperature,
wind and rainfall
(and related severe
weather events)
for their area of
residence.

Simple analyses,
particularly of extreme
events likely to impact
on supply and pricing.
Straightforward
analyses of possible
climate change
impacts on supply.

Grid
managers

Real-time data of
temperature, wind
and rainfall along with
forecasts of these for
all areas relevant to
the elements of the
grid they manage, and
for the grids that affect
theirs.

Information
concerning extremes
of temperature, wind
and rainfall and related
severe weather events
(return periods, etc.)
for all areas relevant to
their grid management
responsibilities.

Rapid, accurate,
real-time and
detailed weather
and scientifically
validated climate
timescale inputs to
complex supply and
demand models –
will be tailored to
meet the needs of
grid management.
Output not publicly
disseminated.

Policy
+makers

Rapid advice on
forecasts of extremes
that may have impacts
on infrastructure
within their policy
domain.

Information
concerning extremes
of temperature, wind
and rainfall, along
with disasters that
might affect supply
and demand (floods,
bushfires, tropical
cyclones, drought,
etc.).

Sophisticated
modelling to underpin
the short-, mediumand long-term
forecasts used in
policymaking. These
would be a mixture
of publicly available
and “in confidence”
products.

Investors

Advice on shortterm (one-hour to
seven-day) forecasts
of extremes that
may have short- to
medium-term impacts
on actual and potential
investment.

Information
concerning extremes
of temperature, wind
and rainfall (including
flood and bushfire
potential) for all areas
of actual and potential
investment.

Climate timescale
projections, as
an element in a
multidisciplinary
analysis of the likely
impact of climate
change on energy
supply (by technology)
and regional demand.

Traders

Real-time data of
temperature, wind and
rainfall, along with
forecasts of these for
all areas relevant to
trades.

Information
concerning extremes
of temperature, wind
and rainfall for all
areas affecting trades.

Sophisticated
“bespoke” modelling
to underpin the shortand medium-term
forecasts used in
trades. These would
be “commercial in
confidence” products.

Policymakers
Policymakers have two timescales of
interest. They are keenly interested in
extreme weather events that impact
negatively on supply of electricity.
They will expect detailed warnings of
the likelihood of such events along with
frequent updates during the lifetimes
of such events. Policymakers will also
be critically interested in the timescales
of the investments in infrastructure
in the industry, typically 40–50 years.
On the longer timescales they would
expect climatological scenarios to be
integrated with sophisticated modelling of energy demand.
Poli c y ma ke r s would ex p e c t to
be supplied with a mixture of “in

A subjective assessment of importance to decision-makers:

High

Medium

Low
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confidence” advice from the model
analysis, as well as products and information tailored for public release.

Investors
Investors, as distinct from energy
traders, are likely to be less interested
in the short-term outlook for the
energy sector than that of the medium
to long term. It is considered here
that the investor has the intention of
investing in some aspect of electricity
generation for the medium to long
term through the commitment of
funds to electricity by way of equity
or debt mechanisms.
The investor will most probably
require access to sophisticated
modelling that would underpin decision-making if the scale of investment
were to be significant. For example, at
the level of state and national governments multidisciplinary analysis
bringing together the known climatology of extremes; some assessment of
their possible changes under climate
change; and evolutions in electricity
generating technologies, changing
population and industry demographics, would all need to be brought
together in an integrated assessment of the financial viability of the
investment.
Smaller-scale investments and oneoff investment decisions would be
unlikely to command such detailed
and expensive analyses.

Traders
From the meteorological sector
energy traders require good forecasts
of likely disruptions to supply along
with forecasts of heating and cooling
degree days, preferably ones that
are not available to their fellow

traders until they have made their
trades. To obtain a market edge,
high-volume traders would likely
seek a “bespoke” model that takes
real-time meteorological inputs and
provide traders with forecasts of likely
demand that are uniquely available
to them.

Uses of meteorological
information
Providing basic real-time meteorological data – including observations
of temperature, wind velocity, rainfall, radar and satellite imagery – is a
valuable service needed to underpin
decision-making in this sector. All
decision-makers also require good
forecasts and climatological norms of
these parameters where scientifically
possible for informed decisionmaking. The real-time observations
and short-term forecasts need to
be authoritative, quality controlled
and reliably and routinely available
if decision-making is to be properly
informed. Markets need information.
Efficient markets provide all decisionmakers access, at least in principle,
to the same data. If the market for
electricity is to be efficient, buyers
and sellers in that marketplace must
have access to meteorological data
services.
It should be emphasized that realtime, routine short-term (“weather
timescale” of 12 hours to 10 days)
forecasts of temperature, wind and
rain are produced by a small number
of very advanced centres operating
massive supercomputer installations
and suppor ted by hundreds of
scientists. A large amount of data
outputs from these centres are freely
exchanged around the world by the

meteorological communit y and,
sometimes more on a commercial
basis, are available for integration
into bespoke energy sector forecast
systems.
It is clear that the greatest return on
the investment in these systems, in
global terms, is achieved by the most
widespread use of the resultant data
in decision-making processes.
With the possible exception of the
public, which requires access to
robust but simple analyses and forecasts, all sectors have a high demand
for integrated, multidisciplinary analyses that make the most effective
use of meteorological information
relevant to their decision-making.
Integrating different data types into
sophisticated, user-specific analyses
and forecast systems is a specialist skill requiring multidisciplinary
inputs, including from climate scientists. Even in developed countries
the pool of such expertise is relatively small.
One of the challenges in providing
improved climate services is to build
this skill pool. A second challenge is
that while the basic data and forecasts
are clearly a public good, the bespoke
forecasting systems serving a specific
user are clearly in the commercial
domain. Where public interest ends
and private interest begins is a matter
of government policy in order to define
the scope of government services,
including those that are to be provided
to support the private sector.
To assist the private investors and
companies investing in solar or wind
electricity generation technologies,
governments in developed countries
may produce national or regional
climatologies of parameters such

All sectors have a high demand for integrated, multidisciplinary analyses
that make the most effective use of meteorological information relevant to
their decision-making
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as the available solar energy for
domestic hot water production or
conversion to electricity for the country (Figure 2).
Governments and the private sector
may generate more detailed products
such as regional scale maps of mean
wind speed at a typical wind generator hub height (Figure 3), with the
added advantage of also illustrating
where transmission lines are available to collect electricity generated
using wind power.
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Annual average direct normal solar resources. The
data for Hawaii and the 48 contiguous states is a
10 km satellite modeled dataset (SUNY/NREL, 2007)
representing data from 1998-2005.
The data for Alaska is a 40 km dataset produced by the
Climatological Solar Radiation Model (NREL, 2003)

A new global
information service

<2

The map was produced by
the National Renewable Energy Laboratory
for the U.S. Department of Energy
February, 2009

Figure 2 - Concentrating solar potential for the United States (Units kWh/m2/Day).
There are many potential weather and
climate services that will be of great
use for the electricity production

Source: US EPA, available at: www.nrel.gov/gis/images/map_csp_us_10km_annual_feb2009.jpg. The US Department
of Energy’s National Renewable Energy Laboratory (NREL) developed the Concentrating Solar Resource model
(Maxwell, George, and Wilcox, 1998; and George and Maxwell, 1999).
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Figure 3 - Regional wind power resources.

Resources
potential

Wind
power
class
2
3
4
5
6
7

Marginal
Fair
Good
Excellent
Outstanding
Superb

Wind power
density at 50 m
W/m2

Wind speed
at 50 m
m/s

Wind speed*
at 50 m
mph

200 - 300
300 - 400
400 - 500
500 - 600
600 - 800
> 800

5.6 - 6.4
6.4 - 7.0
7.0 - 7.5
7.5 - 8.0
8.0 - 8.8
>8.8

12.5 - 14.3
14.3 - 15.7
15.7 - 16.8
16.8 - 17.9
17.9 - 19.7
>19.7

40

0

40

80

120

25

0

40

50

75

160 kilometres
100 miles

U.S. Department of Energy
National Renewable Energy Laboratory
6 June, 2002

Source: www.windpoweringamerica.gov/

WMO Bulletin 60 (2) - 2011 | 77

The Babinda open-cut coal mine, Queensland, Australia, was flooded in January 2011.
and distribution sector. The United
Nations System, with leadership
from WMO, is now implementing
a Global Framework for Climate
Services (GFCS). GFCS is aimed at
making available globally the best
possible climate information, which
will inevitably also provide access to
a growing array of real-time (weather
timescale) data. This data will be
structured in a way that will help
decision-makers (business people,
politicians, workers, etc.) make the
best possible decisions for activities
affected by climate.
In countries that have ef fec tive
climate ser vices, these ser vices
already contribute greatly to reducing
risks and maximizing opportunities
associated with climate. However,
there is a significant gap between
the supply of climate services and
the needs of users. As noted above,
current c apabili tie s to provide
climate services do not exploit all
that is known about climate, fall far
short of meeting present and future
needs, and are not delivering their
full and potential benefits. This is
particularly the case in developing
and least developed countries, which
are also the most vulnerable to the
impacts of climate variability and
change.
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Meeting users’ needs
To be useful, climate information
must be tailored to meet the needs
of users. Existing climate services
are not focused well enough on user
needs. In addition, the level of interaction between providers and users
of climate services is inadequate.
Users need access to expert advice
and support to help them select and
properly apply climate information.

between all relevant research communities. Understanding of the climate
system is advancing quickly but is
not being effectively translated into
services that can inform decisionmaking. In particular, further effort
is required to improve our ability to
predict climate and help users incorporate its inherent uncertainty into
their decision-making.

Managing climate risk

To support climate services, high-quality observations, which also consider
relevant socio-economic variables,
are required across the entire climate
system. While existing capabilities for
climate observation provide a reasonable basis for strengthening climate
services, commitment to sustaining
high-quality observations is inadequate and enhancements to existing
networks are required, particularly in
developing countries. Further effort
is also needed by governments and
others to improve and enhance sharing of, and access to, climate and other
relevant data.

Efforts to provide effective climate
services globally will only be successful if capacity is systematically built to
enable all countries to manage climate
risk effectively. Current capacity
building activities to support climate
services need to be scaled up and
better coordinated. A comprehensive
capacity building initiative is needed
to strengthen existing capabilities in
the areas of governance, management,
human resources development, leadership, partnership creation, science
communication, service delivery and
resource mobilization.

Effective climate services will depend
on maximizing the potential of
existing knowledge, new research
developments and strong support
from and strengthened collaboration

Close engagement
To make this new GFCS truly effective for the electricity production and
distribution elements of the energy

The Global Framework for Climate
Services
The Global Framework for Climate Services is envisaged as a set of
international arrangements that will coordinate global activities and
build on existing efforts in order to provide climate services that are
truly focused on meeting user needs, are available to those who need
them and that provide the greatest benefits possible from knowledge
about the climate.
The Framework is intended to provide widespread social, economic
and environmental benefits through more effective climate
and disaster risk management. In particular it will support the
implementation of climate change adaptation measures, many of
which will require climate services that are not currently available.
There will also be benefits for climate change mitigation in the form
of information that can support the development of renewable
energy infrastructure and other mitigation measures such as
reforestation.
The Framework is expected to bridge the gap between the climate
information being developed by scientists and service providers
and the practical needs of users. It would ensure that every country
is better equipped to meet the challenges of climate variability and
change.

sector, for the energy sector more
generally and for the broader community, a closer engagement between
meteorological professionals and
decision-makers will be needed. This
will ensure that the most effective
research and development is carried
out, that observation systems are
designed to meet contemporar y
and emerging needs, that data sets
from various disciplines (meteor
ology, economics, geography, etc.)
are interoperable, and that the most
useful products are reliably and
rapidly distributed to those who
need them. But most importantly,
there needs to be close engagement
between service users and providers.
Today, industry relevant meteorological consultants are a rare breed
and operational weather and climate
services tailored to maximize the
effectiveness of decision-making in
the private sector are relatively rare.
A key outcome of implementing the
GFCS would be the building of this
sector throughout the world.
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Improving availability,
access and use of
climate information

The 1984 –1985 drought reduced
Ethiopia’s agricultural production by
about 21 per cent with a 9.7 per cent
fall in the Gross Domestic Product
(GDP) (World Bank, 2006). The effect
of climate variability is, of course,
felt more by poor households (Stern,
2007). The 1998–2000 drought cost
each household over north-eastern
parts of the country more than 75 per
cent of its average annual income in
crop and livestock losses (Carter et
al., 2004).

Credible information
Building resilience agains t the
negative impacts of climate and maximizing the benefits from favourable
conditions will require the design and
implementation of effective climate
risk management strategies. This
cannot be accomplished without
the availability of decision-relevant
climate information. Credible information about the past climate, recent
trends and swings, likely future trajectories and associated impacts is very
important for climate risk management. Long-term climate time series
are critical in many applications
including:
•

•

Assessment of climate-related
risks under current conditions;

•

Understanding and modelling
of climate impacts on different
socio-economic activities; and

•

Improving predictions at different time and spatial scales.

Climate information has been used in
Ethiopia for decades, particularly for
drought monitoring and early warning
(Hellmut et al., 2007). Yet, the avail
ability, access and use of climate data
are far from ideal. The main source of
climate data is the network of weather
stations managed by Ethiopia’s
N a t io n al M e te or o l o g y A g e n c y
(NMA). Even though the number of
stations is reasonably good, and has

Putting observed and anticipated
climate into context;
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Figure 1 — Comparison of GDP growth rate and normalized June–August rainfall averaged
over the country. Most of the severe droughts resulted in significant fall in GDP growth.
There is a one-year lag between the occurrence of drought and fall in GDP growth. The
relationship is not always that simple as many factors are in play.

Source: worldbank

Climate variability and change are
serious challenges to sustainable
development in Africa. The current
famine crisis in the Horn of Africa
is yet another reminder of how fluctuations in the climate can destroy
lives and livelihoods. Ethiopia, one
of the countries impacted by the
current drought, has been suffering
from climate fluctuations for decades.
Climate variability has been one of the
major hindrances to development in
Ethiopia. Droughts and floods have
reduced Ethiopia’s annual growth
potential by more than one-third (Grey
et al., 2006).
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If the problems of data availability,
access and use could be overcome
it would enable the effective and
efficient use of climate information
in Ethiopia. The problem of data
availability could be significantly
improved by combining station
observations with globally available
products such as satellite proxies
and model reanalysis data. The main
advantage of the global products is the
excellent spatial convergence. These
data are available over most parts of
the world at increasingly improved
spatial and temporal resolutions.
Satellite rainfall estimates now go
back 30 years. The combination of
ground-based observations with
satellite and/or model information
should therefore help to overcome
the spatial and temporal gaps in
station data while improving the
accuracy of the global products.
This will alleviate the inadequacy
of climate data, particularly for rural
Ethiopia.
Data availability may not necessarily lead to data access, so improved
access to climate information and
services should be provided. One
approach to this would be to make
data, analysis tools and targeted
produc ts available through the
Internet. However, even good access
tools and high quality data may not
guarantee effective use of climate
information.
Appropriate use requires knowledge
within the user community of what
information is available and how it
might be used. A facilitated dialogue
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been increasing (Figure 2), station
distribution is very uneven. There are
very few stations over the lowlands.
Most of the stations are located in
cities and towns along the main
roads. This limits the availability of
climate information and services for
rural communities. Where records do
exist, they frequently suffer from data
gaps and poor quality and are often
not easily accessible. This, in turn,
has limited the use of the available
climate data.

Date (10-days period)

Figure 2 — Trends in the number of raingauge stations over the years 1981–2008.
Only stations with data for 10 years or more are represented here. The decrease in the
number of stations during 1991–1992 is because observations were interrupted during
government change. The decrease during the later years is due to delayed reports from
regional meteorological offices.

between meteorologists and the
user community would be of great
benefit. This should include training
the user community to understand,
demand and use climate information,
as well as training climate scientists
to understand the needs of the users.
This three-track approach of simultaneously improving data availability,
access and use is being implemented
in Ethiopia in collaboration between
NMA and the International Research
Institute for Climate and Society
(IRI) at Columbia University in the
United States. This project, funded
partly by Google.org, has three major
components:
•

Improving data availability by
quality controlling station data
from the national observation
network as well as integrating
station data with the best satellite products.

•

Improving access via an online
facility installed at NMA allowing
query, visualization and downloading of data and information
products.

•

Improving the use of climate information through strengthening the

capacity of the user community
to understand and use existing
and new information products.

Improving data availability
Data availability is improved by filling spatial and temporal gaps in
climate observations. The spatial
gaps are a result of sparse station
network, while temporal gaps are due
to interrupted observations or lost
data due, for example, to communication problems. Cleaning national
climate observations and combining them with satellite proxies could
help to fill these gaps.
This approach has been imple mented in Ethiopia to generate a
30-year time series of rainfall and
temperature data at 10 daily timescales for ever y 10 -km grid over
the countr y. The combined rainfall dataset draws on more than
600 raingauge stations merged with
30 years of satellite-derived rainfall
estimates. For temperature, data
from over 300 stations are combined
with Moderate Resolution Imaging
Spectroradiometer (MODIS) satellite
Land Surface Temperature (LST)
estimates.
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Figure 3 – Rainfall products for the second
10-day period in April 1996. The top-left
panel is the raingauge data for that 10-day
period, while the top-right panel shows
satellite estimate. The lower-left panel
is interpolated raingauge, and the lowerright panel is combined raingauge and
satellite data. The interpolated gauge
follows the overall spatial structure of
rainfall as depicted by gauge data, but
with significant smoothing.
The main problem with the gridded data
is that values over the north-eastern and
north-western lowlands, where there
are few or no gauges, are significantly
overestimated or underestimated. The
satellite estimate depicts the spatial
structure of the rainfall very well, but
significantly underestimates high rainfall
values. The combined product overcomes,
to a degree, the shortcomings of both
the interpolated gauge and satellite
estimates.

Figure 4 – Maximum temperature for
second 10-day period in April 2000. The
top-left panel is station data, while the
top-right panel is interpolated station
data. The bottom-left panel is station data
combined with 10-day period averages of
MODIS LST and elevation. The bottomright panel has included topography for
reference.
The station-only product significantly
underestimates temperature over the
data-sparse lowlands because of the
influence of data from the neighbouring
highland areas, while the combined
product does not have this problem.

If the problems of data availability, access and use could be overcome this
would enable the effective and efficient use of climate information in Ethiopia.
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The project has collaborated with the
Tropical Application of Meteorology
using the Satellite (TAMSAT) group
at the University of Reading, United
Kingdom, which is generating a
30-year time series of rainfall estimates for Africa based entirely on data
from the Meteosat satellite calibrated
against local gauges. These estimates
are combined with the observations
from over 600 raingauges. The result
is a unique, high-quality data set,
which has been shown to be more
accurate than any other long-term,
satellite-based time series (Dinku et
al., 2011). The main strengths of this
data set include the following:
•

•

•

•

•

The satellite rainfall estimates
are calibrated specifically over
Ethiopia. The relatively high
density of gauges facilitated a
highly detailed calibration, which
takes account of topographic and
seasonal variations.
T he s a telli te e s tima te s are
produced using a single satellite
algorithm and the same satellite
information going back 30 years.
This makes it a very consistent
time series. This consistency
is critical for detecting climate
trends, amongst other things.
T he s a telli te e s tima te s are
combined with contemporaneous data from the same set of
600 stations. This improves the
quality of the rainfall estimates
significantly . This emphasizes the
importance of the local approach
to the rainfall estimation. Other
satellite products that use raingauge observations from Ethiopia
have access to 20 stations at
most.
The combined data covers the
whole country. This improves
data availability particularly for
rural communities where there
are no weather stations.
The combined data are in a format
that is easily imported into GIS
(geographic information system)

browser software for combination with other data of interest.
•

NMA staff members who had
been trained on data quality
control, satellite rainfall and
temperature retrievals, as well
as combining station and satellite data did most of the work at
NMA. This ensured the continuity of the project.

Improving access
One way to improve access to climate
information is to make data, tools and
targeted products available through
the Internet. This may not be enough
to reach all potential users, but would
be a good starting point. The main
purpose is to reach those who can
then reach others by other means.
The current project has redesigned
NMA’s Website for better presentation
of its existing products and services
and for the deliver y of produc t
derived from the new data set. The
new website (Figure 5) is designed
in such a way that users can easily
locate the different products and
services offered by NMA. It includes
a Climate Analysis and Applications
Map Room.
This Map Room has f ive par ts:
Climate Analysis, Climate
Monitoring, Climate and Agriculture,
Climate and Water, and Climate and
Health (Figure 5). These Map Rooms
are created by IRI using IRI Data
Library (IDL) tools, and then transferred to NMA. The Climate Analysis
and Climate Monitoring Map Rooms
have been completed, while the
others are still under construction.
These will be completed in consultation with the user community in
each sector.
The Climate Analysis Map Room
provides information on the mean
climate (in terms of rainfall and
temperatures) at any point or for any
administrative boundary (Figure 6). It
also shows the performance of the

rainfall seasons over the years as
compared to the mean. This kind of
information service is unprecedented
in the whole Africa. The authors are
not aware of any national meteorological services that provide this
kind of information. But Ethiopia’s
NMA offers more than a look at the
past climate. Its Climate Monitoring
Map Room enables monitoring of
the current season. Different maps
and graphs compare the current
season with the mean or recent years
(Figure 6).
This information could be extracted
at any point or for any administrative
boundary. Data are updated every
10 days, thus enabling close monitoring of the season. Extracting and
presenting information at any administrative level enables focusing on a
specific area of interest. The services offered by NMA will be improved
further when the other three Map
Rooms are completed. These Map
Rooms will enable the targeting of
individual products by users.
The combination of quality controlled higher resolution climate products
derived from station observations
and satellite proxies will help to overcome a critical impasse in current
data dissemination policies. NMA
is usually very protective of their
databases.
The approach presented above
maintains the control of the national
observations by NMA while enabling
the dissemination of a wide array of
value-added climate information products targeted to specific user needs.
NMA is also in the process of formulating a data policy to make the
combined time series freely available
for research and other non-commercial purposes. Once available, it is
envisaged that an expanded array
of new products could be created to
answer the specific needs of a wider
range of stakeholders.
T he produ c t s de s crib e d ab ove
will provide basic information to
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Figure 5 – NMA’s improved Website, designed by IRI and developed by a local
company, is designed in such a way that the user can find information easily.
It presents existing and new products from simple station history to more
sophisticated maps. It also makes locating and ordering data sets easier. The
sector-specific Map Rooms on the right facilitate the use of climate information.

Figure 6 — A sample of the Climate Analysis Map Room. The top-left map shows monthly climatology for June, the bar graph is
rainfall climatology for the administrative region indicated in red, while the line graphs are maximum and minimum temperatures.
The bar graph at the lower left shows the performance of rainfall seasons over the years as compared to the mean.
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Figure 7 — A sample of
the Climate Monitoring
Map Room. The four plots
compare the performance
of the current season
with respect to the mean
and recent years. The
information is extracted for
the locality shown on the
map.

aid climate risk management in a
number of climate-sensitive sectors.
These include vital sectors such as
agriculture, food security, water
resources and health. The project
is expected to culminate with an
online, dynamic and digital Climate
Atlas of Ethiopia, which will offer
w ider a c c e s s to the genera ted
climate information.
However, all these may not be
enough to ensure the appropriate
and ef fective use of these products. Targeted training should be
provided to the user community at
all levels so as to understand and
use the information products. The
project has already trained a number
of experts from the health sector
in the use of climate information.
This training included an intensive
two-week summer course at IRI for
seven health and climate professionals, as well as a couple of training
courses in the country. The IRI scientists and Ethiopians who attended
the IRI summer courses conducted
the local trainings. NMA is also plan-

ning to train users at different levels
and backgrounds on the use of its
new products and services.

•

Calibration of the satellite rainfall retrieval algorithm using
all locally available raingauge
data significantly improved the
quality of the estimates. The algorithm used in this project was
a very simple one and it only
used thermal infrared data, yet
it outperformed more sophisticated algorithms that incorporate
passive microwave data.

•

Combining station observations
with global products such as
satellite proxies can significantly
alleviate the problem of spatial
and temporal gaps in station
observations.

•

Improving data availability by
itself will not guarantee the use
of climate information in development practices; extra efforts are
needed to make the information
accessible and useful.

•

The Map Rooms were built using
IDL tools, which were then transferred to NMA. The IDL enables

Lessons learned
•

•

•

This is the first project of its kind
and was only a concept when
presented to NMA manage ment. The project is a success
only because NMA bought into
the project with an open mind.
NMA staff did most of the work.
They were first trained on different aspects of the project work.
All the training courses were
conducted at NMA, which enabled
many more people to participate.
The other benefit of the training
was that it was targeted towards
specific tasks.
Obtaining and processing 30
years of raw satellite data, which
covers the whole of Africa, was a
time consuming but very important task.
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Training sessions at NMA

Bradfield Lyon and Tufa Dinku of IRI conducting training
on data quality control at NMA.

Girmaw Gezahegn of NMA introducing the effect of ENSO (El Niño/La NiñaSouthern Oscillation) on Ethiopia’s climate.

users to access and analyse
hundreds of data sets and download results in different formats.
The main accomplishment was
the transfer of the IDL tools to
NMA without the data so that it
could be used with NMA’s own
data. This will now enable NMA
to create more products from its
own and other data sets.

A promising template
The Ethiopian experience is a promising template for improving climate
services throughout Africa. It should
be improved and scaled up to all
countries in Africa, adapting it to
national needs and circumstances.
Carrying out similar projects in other
countries should now be cheaper
and faster because of three main
factors:
•

The raw satellite data obtained
and processed for Ethiopia covers
the whole of Africa.
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•

•

Methodologies and computer codes
developed for Ethiopia can easily
be adapted for another location.
The portable IDL tools on which
the Ethiopian Map Rooms were
built can easily be adapted for
any another country.

The task that may take time and
resources is the organization and quality control of station data. This varies
from country-to-country depending
on the level of data organization.
Some countries may need to digitize their data, or even rescue some
of their data.
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Climate mosaic
The Climate Mosaic photo series is a thought provoking
reflection on climate change. With their juxtaposition
of striking images and unlikely situations, the photos
are meant to stimulate debate and possibly raise some
questions on a personal level.
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Climate Mosaic presents a world that is experiencing changes caused by human activity
– a world that is also forcing us to adapt in order to survive. It was conceived with a
healthy dose of humour to avoid overwhelming viewers with a sense of despair in the
face of impending doom linked to climate change.

The project is truly a mosaic, as are
the photographs. Each photograph is
composed of dozens of images that
have been combined and retouched.
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In a sense, Climate Mosaic also reflects the step-by-step, multifaceted and multidisciplinary approach that governments, international organizations, businesses and
individuals are taking to adapt to the potential effects of climate change on society
and the natural environment.

The backgrounds were drawn from
landscapes around Europe: Germany,
the United Kingdom, Spain and
Switzerland. Actors and models
were invited to pose against a neutral
backdrop or, where possible, against
an original landscape. Other graphic
elements were added later.
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A lakeside installation of these images exhibited over several months. This public project
received an enthusiastic response from local residents, tourists and the media.

Climate Mosaic attracted a wide range
of sponsors that lent their support
to two versions of the project. The
small-scale version, the 2011 World
Meteorological Organization calendar,
was an unprecedented success, with
demand far outstripping supply.
The impressive large-scale version
consisted of six huge panels (each
5m x 7m) displayed along Geneva’s
Lake Leman. The lakeside installation
was launched during 16th World
Meteorological Congress in May 2011
and exhibited over several months.
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Laying the
foundations for
climate science

WMO presented its most prestigious
award to Professor Taroh Matsuno
of Japan during the 16th World
Meteorological Congress, held from
16 May to 3 June 2011. The award
recognizes his contributions to the
progress of studies on climate change.
Professor Matsuno has been
motivated by the potential to use
meteorological science to benefit
humanity, first in Japan, then in
developing countries. During the
World Meteorological Congress,
Professor Matsuno delivered a lecture
on The Future of Numerical Modelling
of Weather and Climate in the Tropics.
Many participants, particularly from
developing countries, commented
on how his research had influenced
them. The Intergovernmental Panel
on Climate Change and the World
Climate Research Programme have
also recognized the impact of his
contributions in their work.
Q. You’ve received the most
prestigious WMO award. What
does this mean for you? How
do you relate your work to the
everyday world?
A. Receiving this award from WMO
is a great honour. WMO supports
national meteorological and hydrological services, and these national
bodies are very practical for society. I
am in the academic sector, rather than
in operational services, so this award
is especially meaningful for me. My

contribution to establishing climate
research centres was cited as on of
the reasons for my award.
I worked on theoretical studies of
equatorial dynamics in the ocean
early in my career. In my thesis work, I
obtained the solution of the dynamics
equation for the atmosphere and the
ocean in the equatorial area. I found
that waves of a very unique character
were propagating along the equator,
including the eastward propagating
Kelvin wave and the westward propagating Mixed Rossby-Gravity wave.
These waves were unknown in 1966,
but soon after this theoretical prediction they have been discovered both
in the atmosphere and the ocean.
In the 1970s when studies of the El
Niño–Southern Oscillation phenomenon developed, it was recognized
that these waves play decisive roles
in the mechanism of the phenomenon. Kelvin waves in particular appear
quite often in diagrams that analyse
the atmosphere and ocean states
in connection with El Niño and the
Madden Julian Oscillation. Thus, I
am happy to see that the equatorial
wave theory is successfully applied
to these real atmospheric and oceanic
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An interview with Taroh Matsuno

phenomena. For example, these studies helped organizations such as the
Japan Meteorological Agency and the
US Climate Prediction Center to operationalize the effects of El Niño and
La Niña in the Pacific Basin.

Q. What motivated you to become
a scientist?
A. My personal experience in Japan
when I was young influenced my decision to become a scientist. At the time
just after World War II, Japan was
attacked by many typhoons year after
year. This gave me the strong impression that the power of the nature is
enormous, being far beyond humankind’s controls. At the same time I
learned that at weather stations meteorologists make analysis of weather
maps to predict the movement of
typhoons. In fact, when I was a junior
high student the teacher took us to
the local weather station where I saw
their work. Then I gradually became
interested in weather prediction and
meteorology and decided to study
meteorology at university.
When I became a graduate student
of the University of Tokyo there were

A warm climate is ahead of us. We have to prepare.
It’s clear, but it’s not easy
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many smart young people such as
Kiku Miyakoda, Suki Manabe and
Michio Yanai. However, most of
them left Japan for the United States
because conditions for researchers
were tough in the 1960s. There were
few academic positions, salaries and
research grants were low, and there
were no computers accessible to
young researchers. After moving to
the United States, eventually they
became leading scientists. I believe
they were initially motivated by
our country’s vulnerability to natural disasters. Now Japan is much
better prepared and we see much
less damage.
Today, some people in tropical countries may have the same motivation
to become scientists. I encourage
them to do so.

Q. What are the greatest
challenges in forecasting and
research?
A. Numerical Weather Prediction
(NWP) for the tropics is the single
greatest challenge. NWP Prediction in
the middle and high latitude regions
has made great strides, and is now
very accurate. Dr Adrian Simmons

Brilliant, talented persons may emerge from
anywhere in the world.
showed the remarkable progress of
NWP in his lecture during the World
Meteorological Congress.
More needs to be done for the
tropical region. During the World
Meteorological Congress, many delegates from the South commented
on the fact that Numerical Weather
Prediction could be improved.
We need powerful computers for
the tropics because we need very
high resolutions or grid boxes as
small as five kilometres or less for
treating convective clouds. My own
organization is working on this, and
it would be great if such high-resolution models became feasible for
operational use.

Q. The WMO Secretary General
said your work is critical to the
Global Framework for Climate
Services. Is it because of your
attention to the South?

©JMA

A. Yes, I believe this was a factor.
More attention needs to be paid
to the climate research and operations of the South. NWP in the middle
to high latitudes is mature. What I
emphasized in my presentation was
that so far numerical modelling of the
atmosphere for NWP or general circulation studies aimed at reproducing
weather and circulation systems in
the middle and high latitude, for
which observation was plentiful,
and more importantly, the theoretical basis was firmly established.
In the tropics a variety of phenomena are
produced by the energy supplied from a large
number of mesoscale convective systems
(MCSs). Since mathematical analysis seems
not to be powerful for elucidating their
mechanism as in the case of middle/high
latitude phenomena, we have to fully utilize
MCSs – resolving models for understanding
the mechanisms as well as prediction of
weather and climate in the tropics.
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On the contrar y, for the tropical
atmosphere even systematic description and classification of weather and
circulation systems are incomplete,
despite the fact that they are quite
different from those in the middle
and high latitudes. Looking from the
theoretical viewpoint the difference

between the two are clear and well
known.
In the middle and high latitudes
weather changes associated with
extra-tropical cyclones, anticyclones
and fronts are well known as the
Norwegian Cyclone model. Charney
and Eady established the mechanisms for them in the late 1940s,
which are known as the baroclinic
instability theory. Its essence is that
they are generated from the temperature gradient between the polar and
tropical regions and transport heat
from lower to higher latitudes.
In the tropics the temperature is rather
uniform over a very large area, about
half of the Earth’s surface. Therefore,
the latitudinal temperature gradient
which act as the driving force of midlatitude baroclinic weather systems
does not exist. Instead, in the vertical
direction the atmosphere is unstable by being heated at the bottom
and cooled by thermal radiation at
upper layers. Thus, convective clouds
such as cumulonimbi develop over
most parts of the tropics. Further,
this vertical convection appears not
as separated cumulonimbi but as
cloud clusters with a size of a few
hundred kilometres as seen from
satellite imagery. Despite this essential difference between the middle to
high latitude regions and the tropics,
there has been no attempt to treat
explicitly the vertical convection in
the tropics by a model equally explicit
as the treatment of baroclinic instability in mid-latitude weather systems.
Especially in the tropics, climate
change due to global warming is
serious.
I would like to add that we must do
all we can to support the creation of
development opportunities for people
in developing countries. Brilliant,

A distinguished leader in climate
research
Professor Taroh Matsuno of Japan is the winner of the 2010 International
Meteorological Organization Prize. The prize is WMO’s highest scientific
distinction, and has been awarded annually for over 55 years. It originates
from WMO’s predecessor, the International Meteorological Organization,
which was founded in 1873.
An eminent research scientist in atmospheric dynamics and a distinguished
leader in climate research, Matsuno’s leadership in climate and meteorological research and his devotion to the scientific community have contributed to
the progress of studies on climate change.
He has also conducted important modelling studies on sudden stratospheric
warming, such as when the temperature rises suddenly for a few days in
mid-winter. Recently, he has been working on climate modelling and global
change research projects.
Matsuno earned his doctorate from the University of Tokyo. He has taught
at the University of Tokyo, Kyushu University, Hokkaido University, and
has served as a visiting scientist in the United States at the University of
Washington, Princeton University and the National Center for Atmospheric
Research. He also served as the Director of the Centre for Climate System
Research at the University of Tokyo, Director-General of the Frontier Research
Center for Global Change and Director of the Integrated Modelling Research
Programme of the Center.
He is the recipient of numerous awards, including the Carl-Gustaf Rossby
medal of the American Meteorological Society, the Societal Award and the
Fujiwara Award from the Meteorological Society of Japan, and the Japan
Academy Prize.

talented persons may emerge from
anywhere in the world. Fostering
growth will help talent emerge and
may help us to find new technological solutions that address the impact
of climate change.

Q. How can research be translated
into climate services that reach
users effectively?
A. The key is to link research to operational centres. It’s also important
to link dif ferent t ypes of expertise. Atmospheric scientists should
collaborate even more closely with
hydrologists and water resource
managers, who are concerned about
changes in water balance.
In Japan, I am working as a programme
coordinator for climate change projections. We are looking at projections
of 300 years, 30 years and changes
in extreme events. For our work to be
meaningful, we include engineers,
hydrologists and disaster prevention
experts because they are the users of
our results. They can best evaluate its
effectiveness by use of the projected
climate change data.

Q. In conclusion, what message
would you like to convey to the
WMO community?
A. A warm climate is ahead of us.
We have to prepare. It’s clear, but
it’s not easy.

From left to right: M. Jarraud, Prof. Matsuno and A. Bedritskiy
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From observations to
service delivery:
Challenges and opportunities
by Adrian Simmons*

How observations are processed is
vital to the provision of monitoring
and forecasting services for weather,
air quality and climate. Assimilation
of observational data into comprehensive forecast models is the established
way of exploiting observations for
weather forecasting beyond a few
hours ahead. Advances in global
observation since the 1970s have
been accompanied by considerable
progress in modelling and data assimilation, resulting in very substantial
improvements in the accuracy of
forecasts.
A p p l y in g d a t a a s s imila t io n to
historical observational records in
the process of reanalysis helps put
forecasting improvements in context
and complements the direct use of
observations for climate monitoring.
Modelling and assimilation are
also suppor ting development of
services for air-quality assessment
and forecas ting, and providing
information on the forcing of climate
change.

Landmark achievement
In 1971, Taroh Matsuno published
a landmark paper that elucidated
the dynamics of the stratospheric
sudden warming phenomenon.
Originally detected in radiosonde
European Centre for Medium-Range Weather
Forecasts, Shinfield Park, Reading RG2 9AX, UK
adrian.simmons@ecmwf.int
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obser vations over Berlin by
Scherhag (1952), the phenomenon
was mapped for the 1957 event by
Teweles (1958), and first examined in
a comprehensive general circulation
model by Miyakoda et al. (1970).
Improved observational coverage
was in place by 1979 for the primary
obser ving year of the Global
Atmospheric Research Programme
(GARP), and significant progress had
been made by then in both modelling
and assimilation of observational
data. This was demonstrated by
studies of the predictability of the
sub s t antial warming event s of
that year (Bengtsson et al., 1982a;
Simmons and Strüfing, 1983).
Subsequent improvements in both
observing and forecasting systems
(discussed further for tropospheric
forecasts later in this article) made
it possible in September 2005 to
predict a week or so in advance
the first major warming ever to be
observed in the stratosphere of the
southern hemisphere (Simmons et
al., 2005). The event was notable
not only for its rarity, but also for a
substantial effect on the Antarctic
ozone hole that was likewise well
forecast (Eskes et al., 2005). Already
weaker than usual as a result prior
activity, the dynamical vortex and
accompanying ozone hole both split
into two, with one part short-lived
and the other re-establishing itself
over the pole, but much weaker than
hitherto.

Analyses of the multisensor satellite
record show that southern polar ozone
levels were higher in October 2002
than in any October since the early
1980s (van der A et al., 2010). Variability
of the polar vortex also resulted in
relatively high ozone over the Antarctic
in September 2010 and low ozone over
the Arctic in March 2011. Monitoring
and forecasting stratospheric ozone
and the related surface UV radiation
have become a service activity, for
example as undertaken within the
pilot atmospheric service of Europe’s
Global Monitoring for Environment
and Se curit y (GMES) initiative
(Hollingsworth et al., 2008).
Prof. Matsuno’s work four decades
ago can thus be viewed as a milestone
in the progression over time from
early observation through theoretical
understanding and modelling to an
enhanced capability for monitoring,
predic tion and the deliver y of
associated services. Observations,
h o w e v e r, p l a y a m u c h m o r e
immediate role in supporting the
delivery of services for weather, air
quality and climate. This may occur
through several routes, as indicated
schematically in Figure 1.

Use of observations
Observations are used directly and
vitally in monitoring local weather,
in “nowcasting” predictions for the
coming few hours, in establishing

Delivery of monitoring and forecasting services to
users for weather, air quality and climate

Nowcasting
Callibration of
products from
numerical
prediction

Local
monitoring

Regional
and global
monitoring

Direct
analysis

Numerical
prediction

Data assimiliation

Observations

weather and climate records on
a station-by-station basis for
conventional data, and in providing
synoptic over views in the case
of satellite data. They also have
direct application for the validation
and calibration of other types of
observation and of products from
numerical predic tion. They are
needed to link with various types of
socio-economic and ecosystem data
to develop assessments of impacts
of weather and climate, of climate
variability and change in particular,
and to develop appropriate mitigative
and adaptive responses.
Observations may also be combined
in a rather direct way through some
form of gridding or analysis to produce
regional or global fields, often based
on a particular type of observation
or a few related types. Use of the
hand-analysed weather chart may
be becoming increasingly rare, but
observations are routinely processed
numerically in a quite direct manner
to map climate, its short-term anomalies and long-term trends.
An example is provided by the
HadCRUT3 dataset (Brohan et al.,
2006), which is one of the primary
datasets used in assessing global
temperature. It combines analyses
of monthly averages of surface air
temperature measurements from land
stations with sea surface temperature analyses based on measurements
from ships and buoys.
Data assimilation provides a sequence
of analyses of atmospheric, oceanic

Figure 1 — Routes
from observation to
service delivery.
and land-surface conditions. It uses
information from the latest observations to adjust a “background” model
forecast initiated from the preceding
analysis in the sequence. The model
carries information from earlier observations forward in time. Information is
spread in space and from one variable
to another by the model forecast and
through the background-error structures used in the adjustment process.
The set of observations may comprise
many different types of measurement,
each with its own accuracy and spatial
distribution. The use of data assimilation to provide atmospheric initial
condition for numerical weather forecasting is long established, and its use
for analysis of oceanic observations
now supports forecasting for monthly,
seasonal and longer time ranges.
Extension to include additional trace
chemical and aerosol species is adding
capability for air-quality monitoring
and forecasting. Moreover, reanalyses
of the observations made over past
decades with fixed modern assimilation systems provides a widely
used record of weather and climate.
The use of data assimilation in the
progression from observations to
service delivery is the focus of this
article.

Evolution of the observing
system and medium-range
weather forecasting
Following pioneering studies of
medium-range prediction by Miyakoda

et al. (1972), and the launch the same
year of the satellite NOAA-2 carrying
the first in an operational series of vertical profiling infrared radiometers, the
first global weather prediction system
became operational in September 1974
at the US National Meteorological
Center, the forerunner of today’s
National Centers for Environmental
Prediction (Shuman, 1989). The
European Centre for Medium-Range
Weather Forecasts (ECMWF) followed
in August 1979. The data assimilation
system developed by ECMWF was used
not only for its early operational forecasting, but also to produce analyses
of the First GARP Global Experiment
(FGGE) observations (Bengtsson et
al., 1982b). A second set of analyses
of the FGGE data was produced by
K. Miyakoda and colleagues at the
Geophysical Fluid Dynamics Laboratory
(GFDL) at Princeton University (Ploshay
et al., 1992). These analyses were used
in many research studies over the
next few years, but the limitations of
a one-year sampling period and rapid
development of global modelling led
to more widespread use of analyses
produced by the operational global
systems.
This lasted until the emergence in
the mid-1990s of products of more
uniform qualit y covering longer
periods, provided by reanalysis,
most notably by the National Centers
for Environmental Protection (NCEP,
Kalnay et al. 1996) and ECMWF,
and later the Japan Meteorological
Agency (Onogi et al, 20 07) and
others. Here, results from ECMWF’s
two most recent reanalyses, ERA-40
(Uppala et al., 2005) and ERA-Interim
(Dee et al., 2011), and from ECMWF
operations, are utilised to illustrate
some impacts of changes in
observing and forecasting systems
on medium-range forecasting and
climate monitoring.
ERA-40 covered the period 1958–
2001. It used an assimilating model
with a ~125 km quasi-uniform grid,
60-level vertical resolution and a
three-dimensional variational (3D-Var)
analysis. Otherwise, it used a version
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of the ECMWF forecasting system that
was operational in 2001. ERA-Interim
runs from 1979 to the present, and uses
~80 km horizontal resolution, 60-level
vertical resolution, and otherwise a
2006 version of the ECMWF system,
including four-dimensional variational
(4D-Var) analysis. Forecasts to 10 days
ahead have been carried out twice
daily from 00 and 12 UTC for both
ERA-40 and ERA-Interim. Results
from the 12 UTC forecasts can be
compared with those from ECMWF
operations that have been archived
since 1 January 1980.

Observations play a vital role in supporting the delivery
of services for weather, air quality and climate.

Over this period, horizontal resolution of the operational system has
ranged from about 210 km to its
present 16 km, vertical resolution has
increased from 15 to 91 levels, and
there have been numerous changes
to the forecasting model and the way
observational data are assimilated.

the field, as a measure of the skill
of their northern hemispheric forecasts. This measure has proved useful
over the years in providing a headline
measure of how forecasting performance has evolved, a measure in broad
agreement with subjective assessment of the synoptic forecast. Figure 2
shows time series of this measure
from ERA-40 and ERA-Interim at forecast ranges of three, five and seven
days, computed for regions encompassing Europe and Australia/New
Zealand. Observational coverage for
these regions is good enough to have
reasonable confidence in the quality
of the verifying analysis for the presatellite as well as the satellite era.

Miyakoda et al. (1972) introduced the
anomaly correlation of the 500 hPa
height field, the correlation between
forecast and analysed anomalies of

Looking first at the ERA-40 results
shown in the upper panels, forecast
skill increases rather steadily over
the period for Europe, which bene-

fits from being located downstream
of relative good observational coverage over North America and from
the Atlantic weather ships prior to
the advent of satellite soundings.
(Uppala et al. 2005) showed improvement over time to be larger for North
America, which, lying downstream
of the broad expanse of the Pacific
Ocean, benefited more than Eurasia
from the introduction of satellite data
coverage.

Better data coverage and
forecasting systems
The consequence of improved data
coverage over the oceans is seen
most strikingly in the ERA-40 results
shown for the Australasian region in
Figure 2. Here, the accuracy of the
forecasts is very much poorer than

98
95

D+3

90
80

D+3

ERA-40

D+5

D+5

70
60
50

D+7

40
28

Europe

18

D+7

ERA-40

Australia/New Zealand

98
90
80

D+3

D+3

95

ERA-interim

70
60

ERA-40

40

18

Europe

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Australia/New Zealand
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Figure 2 — 500 hPa height anomaly correlation (%) for forecast ranges of 3, 5 and 7 days, computed over Europe (35–75°N,
12.5°W–42.5°E; left) and Australia/New Zealand (45–12.5°S, 120–175°E; upper) from ERA-40 (1958–2001; upper and lower) and
ERA-Interim (1979–2011; lower). Twelve-month running means of the monthly averages of values for forecasts carried out daily from
12 UTC are shown.
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elsewhere prior to establishment of
the observing system for FGGE in
1979. Forecast scores in fact decline
early in the period, which may be
a consequence of a degradation of
observational coverage after the
International Geophysical Year, 1958.
Scores begin to pick up only in the
1970s, most likely due to the assimilation of Vertical Temperature Profile
Radiometer (VTPR) radiance data,
and subsequently jump substantially
around the end of 1978; the improvement amounts to about a two-day
gain in predictive capability in the
medium range.

substantial and continuing improvement in forecast skill over time.

Corresponding ERA-Interim results
(up to July 2011) are presented in the
lower panels of Figure 2. They show
improvement over ERA-40, more so
over Australasia than Europe, a result
expected from the change from 3D-Var
to 4D-Var analysis. Improvement over
time continues beyond the time of
ERA-40, and again is rather larger
for Australasia. Skill levels for the
two regions are similar for the most
recent years.

The forecasting system improvements
over this period, in particular the introduction and subsequent refinement
of variational assimilation of radiance data, have been discussed by
Simmons and Hollingsworth (2002).

Results for the entire extratropics
are shown in Figure 3 for ECMWF
operations and ERA-Interim. Shading
indicates the difference is scores
between the northern and southern
hemispheres. The left-hand panel for
operations is adapted and extended
from a plot first published by Simmons
and Hollingsworth (2002). It shows a
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For the northern hemisphere, the
level of skill achieved at the threeday range in 1980 is today achieved
at around the six-day range, and such
improvement by about one day per
decade is seen also at other forecast
ranges. Improvement is larger still for
the southern hemisphere, where the
principal extra gain was between the
mid 1990s and early 2000s, after which
the difference in average performance
between the two hemispheres has
been generally small.

The plot for ERA-Interim in the righthand panel shows much less trend than
that for ECMWF operations, showing
the net operational improvement since
1980 to have been predominantly due
to improvement of the forecasting
system rather than improvement of
the observing system. Nevertheless,
the inter-hemispheric differences for
ERA-Interim do decline over the first
two decades, and both hemispheres
show an improvement over the last
decade or so that is not much less
than half that seen for the operational
forecasts.

D+3

In this regard it should be noted that
ERA-Interim’s use of a fixed 2006
version of the ECMWF forecasting
system means that it is unable
to assimilate data from the highresolution infrared sounder (IASI) and
scatterometer (ASCAT) on Europe’s
Metop satellite, launched in October
that year. The ERA-Interim results
thus do not measure the full impact of
observing-system changes. They also,
like those from operations, are subject
to variations in the predictability of
atmospheric flow regimes. This is
the likely explanation for the larger
difference in scores between the
hemispheres seen for both operations
and ERA-Interim for the last two years.
The observing-system changes since
the late 1990s that have contributed to the improvement seen in
the ERA-Interim forecasts include
launches of several new satellite instruments. Among them are the build up
starting in 1998 to five AMSU-A instruments operating on various satellites,
the first of the high-resolution infrared
sounders, AIRS, MODIS instruments
from which high-latitude winds are
derived by tracking features in successive polar images, and a number of
orbiting receivers providing temperature information though measurement
of the occultation of GPS signals.
The period also saw quite substantial increases for several types of in
situ observation. Figure 4 shows, for
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Figure 3 — 500 hPa height anomaly correlation (%) for forecast ranges of 3, 5, 7 and 10 days, computed over the extratropical northern and
southern hemispheres from ECMWF operations (1980–2011; left) and ERA-Interim (1979–2011; right). Twelve-month running means of the
monthly averages of values for forecasts carried out daily from 12 UTC are shown. Shading depicts the extent of the differences between
the two hemispheres.
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Notwithstanding the substantial
progress made in estimating
atmospheric states for numerical
prediction, some degree of uncertainty
in initial conditions cannot be avoided.
The improvement in deterministic
numerical forecasting over the past
20 years has been accompanied by
the development of probabilistic
forecasting systems based on the
use of ensembles of lower resolution
forecasts that sample uncertainty
in initial conditions and modelling
(Molteni et al., 1996: Toth and Kalnay,
1997). A recent set of tropical cyclone
forecasts is presented here to illustrate
a few points. The storm in question,
named Songda, occurred over the
western Pacific in May 2011.
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predictability.
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Figure 4 — Number of observations available daily to ERA-Interim from 1979 onward, for
four types of in situ data.
example, sharp rises in the numbers
of near-tropopause temperature data
from aircraft and surface-pressure
data from drifting buoys and land
SYNOP stations, and a more gradual
rise in radiosonde temperature measurements for the free troposphere.
Radiosonde ascents dropped from an
average of 1 626 per day in 1979 (much
the same Figure as in 1958) to 1 189
per day in 2001, but numbers have
increased since then, and currently
typically exceed 1 300 each day.
Moreover, there has been an increase
in the amount of significant-level data
transmitted, and improvements in the
quality of the data.

predict the smaller scales of motion in
the short range, but also observations
of the land-surface conditions such as
snow cover and soil moisture that can
influence local near-surface weather
elements in medium- and longerrange predictions. Observations of
land and ice conditions, as well as
open ocean conditions, are needed
more fundamentally for the longer
time ranges over which they provide
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Some other aspects
of forecasting
A good forecast of the evolving
synoptic situation, such as measured
by the height anomaly correlation
for ex tratropical prediction, is a
prerequisite for an accurate forecast
of the associated weather, but not a
guarantee. Weather conditions may
be associated with sub-synoptic-scale
dynamical systems, local topography,
boundary-layer characteristics and
so forth, and this brings additional
requirements for observations in
support of the delivery of forecasting
services.
This includes not only additional
atmospheric observations needed to
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Figure 5 shows forecas ts from
00 UTC on 23 May, 12 UTC on 25 May
and 00 UTC on 28 May. The lef thand panels show track forecasts,
with circles denoting the reported
positions at 12-hourly intervals up to
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Figure 5 — ECMWF forecasts of tropical cyclone Songda made from start times of
00 UTC 23 May (upper), 12 UTC 25 May (middle) and 00 UTC 28 May 2011 (lower). The lefthand plots show track forecasts, with colours indicating the probability (%) based on
ensemble forecasts that Songda will pass within 120 km of the point in question, and the
black lines denoting high resolution deterministic forecasts. The right-hand panels show
central pressures from the high resolution forecast (red), the ensemble control forecast
(green) and the ensemble itself (blue), for which the box denotes the range between the
25th and 75th percentiles and the vertical line denotes the full range of values.

the start time of each forecast. The
storm was quite young on 23 May,
and the ensemble indicates a spread
in possible forecast tracks. The
deterministic forecast from this date
is for a track that is a little to the left
of the observed track by 27 May, as
is the case for the most likely track
inferred from the ensemble.
A c lus ter of s everal ens emble
members does however indicate
the possibility of a curvature of track
closer to that observed. Much less
spread is seen in the subsequent
forecasts, all of which depict rapid
movement following curvature, with
filling and transition to an extratropical
system over southern Japan.
The right-hand panels of Figure 5
show corresponding forecasts of
central surface pressures. Here there
is an evident effect of the difference in
horizontal resolution, which is some
32 km for the ensemble members
compared with 16 km for the deterministic forecast. The deterministic
forecast produces lower central pressures than any ensemble member
when the storm is at its strongest,
although the reported minimum pressure was a further 20 hPa or so lower
still.
Recent years have seen a substantial
improvement of capability for tropical
cyclone prediction using global
systems. The annual-mean position
error of ECMWF’s operational threeday deterministic forecasts has been
reduced from about 350 km to 200 km

since 2005, and the mean absolute
error of central pressure has been
reduced from about 25 hPa to under
15 hPa over the same period. Whilst
these recent improvements have
been ascribed principally to finer
horizontal resolution and bet ter
parameterization of convec tion
(Fiorino, 2009), prediction has also
benefitted from the use of 4D-Var
and additional observations such as
from scatterometers (Isaksen and
Janssen, 2004). The performance
of global models also benef its
from improvements made to
their prediction of the larger scale
environment in which the tropical
cyclone is embedded.
Challenges never theless remain
in the use of observations in the
vicinit y of intense, small- scale
systems. Errors in position, intensity
and horizontal scale in background
forecasts can cause rejection of good
data by quality-control processes
tha t che c k for unusually large
differences between background
forecasts and observations. On the
other hand, lax quality control of a
single misreporting buoy can cause a
significant degradation of the analysis
of a tropical cyclone.
Good observations made just outside
a strong vortex may undesirably
weaken a background-model vortex
that is too large in scale and already
too weak due to limited resolution.
Here, progress is being made with
the use of ensemble data assimilation
methods that provide a dynamical

estimate of background errors for
use both within the assimilation
system itself and in constructing
better perturbed initial conditions
for ensemble forecasting.

Monitoring climate
variability and change
Effective use of multiple sources of
data to initialize numerical forecasts
requires that various biases in the
observations be corrected prior to or
during the data assimilation. These
biases can be much larger than the
standard deviations of differences
between observed and background
values and can vary between instruments of the same type, from one
satellite to another for example.
The effort devoted to observational
bias correction in weather prediction
systems has also brought benefit to
the consistency over time of fields
from reanalysis, increasing their value
for study of decadal climate variability
and change.
Figure 6 demonstrates the stability
and temporal consistency of the
ERA-Interim reanalysis for globalmean mid-tropospheric temperature.
The background temperatures from
the data assimilation are largely
consistent with both radiosonde
observations (top panel) and with biascorrected radiance measurements
from the Microwave Sounding
Unit (MSU) instruments flown on

Global mean background departures from radiosonde temperature observations (275-775hPa)
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Figure 6 — Global-mean background
departures between ERA-Interim and
radiosonde temperatures (K; upper)
for pressures in the range from 275 to
775 hPa, and between ERA-Interim and
MSU channel-2 brightness temperatures
(K; middle). The global-mean bias
corrections (K) derived for the MSU data
are shown in the lower panel. Colouring
is used in the middle and lower panels to
denote results from each of the satellites
that carried the MSU instrument, from
TIROS-N to NOAA-14.
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successive National Oceanic and
Atmospheric Association (NOAA)
satellites (centre panel).

where routine data to anchor bias
corrections of the uppermost satellite
sounding channels is lacking.

The radiosonde bias correction
comprises long-term homogeneity
adjustments derived by Haimberger
et al. (2008) and separate adjustments
for annual variations in the bias due
to solar heating. These adjustments
are more significant at upper tropospheric and stratospheric levels.

Considerable progress has been made
in this area, but challenges still remain.

The bias corrections for the MSU
data (lower panel) are produced by
ERA-Interim’s variational analysis
(Dee and Uppala, 2009), and account
for calibration differences, orbital
drifts and various other instrument
errors, and for systematic errors in the
radiative transfer model utilised by the
assimilation system. The corrections
are much larger than the mean
discrepancies between the background
forecasts and the observations.
The consistency with the adjusted
radiosonde and MSU data gives
some confidence in the low-frequency
variability and trends in upper-air
temperature from ERA-Interim. It is
important, however, to compare the
MSU corrections with independent
estimates of biases in these data, and
to assess the fit of the reanalysis to
other types of data. Dee and Uppala
(2009) discuss independent evidence
for the rapid variation in the bias of
NOAA-14 seen around 2002 in Figure 6.
They also show evidence of a detrimental effect on long-term trend
estimates for upper tropospheric
temperature due to assimilation of
increasing amounts of data from
aircraft for which no bias correction
was applied. Assimilating recently
available GPS radio occultation data
improves the fit of the reanalysis to
radiosonde temperatures at the tropopause and in the lower stratosphere
(Poli et al., 2010), but thereby introduces a small artificial trend in the
reanalysis.
There are also issues concerning
upper stratospheric temperature,
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Temperature and
precipitation anomalies
Much of the practical demand for
climate information and services
naturally concerns conditions at or
near the earth’s surface. Figure 7 shows
maps of anomalies in temperature
and precipitation for 2010, from
ERA-Interim and from direct analysis
of the observational record based
on monthly station data (CRUTEM3,
Brohan et al., 2006; 2.5° Global
Precipitation Climatology Centre
(GPCC) version 5 and monitoring
product, http://gpcc.dwd.de).
The ERA-Interim temperature field is
based on a separate analysis of the
synoptic record using background
fields derived from the 4D-Var upperair analysis (Simmons et al., 2004,
2010). In contrast, precipitation data
are not assimilated over land; values
shown here are derived from forecasts
in the range from 12–24 hours ahead
carried out every 12 hours.
CRUTEM3 and GPCC values are
shown only for grid squares for
Temperature anomaly at 2 m (K)

which station data are available to
contribute to the analysis, and only
a limited number of missing months
are allowed in defining the 1979–2010
reference for computing anomalies.
I t i s c l e a r f r o m F i g ur e 7 t h a t
ERA-Interim captures the anomaly
patterns in temperature and rainfall
that are indicated by the CRUTEM3
and GPCC analyses, and indeed as
have been reported directly from
the records of individual observing
stations and summarised in the WMO
Statement on the Status of Global
Climate in 2010.
Particularly evident in the annual
means are warm conditions over much
of Canada, northern Africa and parts of
Asia, and below average temperatures
over north-western Europe, northcentral Asia and eastern Australia.
Rainfall is substantially above average
over this part of Australia, Indonesia
and north-western South America,
while drought over Brazil is indicated
by above average temperatures and
below average rainfall.
Ex tremes such as the heat wave
and drought over western Russia
and devas t ating summer rains
over Pakistan show less clearly in
these annual means. Reanalysis
provides a comprehensive record
of atmospheric and surface fields
for study of the processes involved
in these events.
Precipitation anomaly (mm/day)

ERA-interim

ERA-interim

CRUTEM3

GPCC

Figure 7 — Anomalies for 2010 relative to 1979–2010 in surface air temperature (K; left)
from ERA-Interim (upper) and CRUTEM3 (lower), and in precipitation (mm/day; right) from
ERA-Interim (upper) and GPCC (lower). Values are plotted over land for grid-squares with
a complete monthly data record for 2010 and no more than 12 missing months from 1979 to
2009. For GPCC, it is also required that there be at least one station per grid-box.

Figure 7 shows that ERA-Interim
gives spatially coherent patterns
where station data are unavailable
or cannot be used in the CRUTEM3 or
GPCC analyses. It should be noted that
ERA-Interim does assimilate observational data for these regions. It
uses many synoptic observations of
surface air temperature from stations
for which long time series of monthly
climatic data are not available for
use in CRUTEM3, and many different types of surface and upper-air
observations influence its precipitation estimates. Nevertheless, these
regions tend to be ones where data
coverage is sparser than elsewhere,
and where modelling of atmospheric
processes is more challenging.
Extra care is needed in using reanalysis results for these regions, and
quite aside from any initiatives taken
to improve observational coverage, it
is important that as much of the data
that has been taken for these regions is
made available in the formats needed
by the different types of analysis. This
includes both recovery of historic data
and more prompt and widespread
transmission of recent data, in particular through timely updating of World
Weather Records in the case of input
to analyses such as CRUTEM3 and
timely transmission of monthly precipitation data to the Global Precipitation
Climatology Centre.
Variations in annual-mean anomalies from 1979 to 2010 for parts of
central Europe, southeastern Australia
and eastern Africa are presented in
Figure 8. Area averages are formed
using all available values from
CRUTEM3 and all GPCC values for
grid squares that include at least one
observing station. The GPCC data are
used here at 1° resolution. Monthlymean temperature and precipitation
from ERA-Interim are mapped onto
the CRUTEM3 and GPCC grids respectively, and used only where CRUTEM3
and GPCC provide data, as in Simmons
et al. (2010).
The central European region is very
well observed, and CRUTEM3 and

ERA-Interim temperatures are in
particularly close agreement here.
Temperature variations are larger
than for the other regions considered, and show an abundance of
relatively warm years later in the
period. Precipitation anomalies are
generally smaller than for the other
regions, with agreement between
ERA-Interim and GPCC mostly within
about 0.1 mm/day. This includes the
pronounced dry anomaly of 2003 and
wet anomaly of 2010.
South- eas tern Aus tralia is also
relatively well observed, and interannual variations in temperature are
captured well. There is nevertheless
a clear shift in temperature values
around 1990. ERA-Interim anomalies
are warm compared with CRUTEM3
for all earlier years, and cool for
all subsequent years. Agreement
is in fact much better for precipitation, with ERA-Interim capturing
quite well the dry years of the early
1980s and the 2000s, and the wet
years of 1992 and 2010, though rather
underestimating the 2010 anomaly
compared with GPCC. This suggests
that the shift in temperature analysis
arises from a change in the near-

surface temperature data used by
ERA-Interim (or perhaps CRUTEM3)
rather than from a more general
degradation of the background fields
of the reanalysis.
The more sparsely observed east
African region poses much more of
a challenge. There is broad agreement
between CRUTEM3 and ERA-Interim
as regards the overall warming trend,
with both datasets identifying 2009
and 2010 as the warmest years of the
period. Discrepancies are however of
the order of 0.5 K for 1991–1994 and
2002–2003.
Marked multiannual discrepancies
in east African rainfall anomalies are
seen for the first part of the period,
with ERA-Interim relatively wet
compared with GPCC for the first nine
years and dry for the next eight, by a
quite substantial margin. ERA-Interim
nevertheless detects the drought
year of 1984 as the driest in its first
decade. Agreement is better in the
second half of the period, where both
ERA-Interim and GPCC show anomalously high rainfall in the flood years
of 1997, 1998 and 2006, and very dry
condition accompanying the warmth
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Figure 8 — Annual anomalies in surface air temperature (K; left) and precipitation (mm/day;
right) from ERA-Interim (broad bars) and respectively CRUTEM3 and GPCC (narrow bars),
over central Europe (10-25°E, 45-55°N; top), south-eastern Australia (135-150°E, 30-40°S;
middle) and eastern Africa (30-40°E, 15°N-10°S; bottom).
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of the past two years. Repeating the
comparison using full data coverage
for ERA-Interim rather than the same
coverage as GPCC gives much the
same picture.

Services for atmospheric
composition
Evolving capabilities for atmospheric
observation, modelling and data
assimilation have led to the emergence in recent years of new services
relating to trace constituents important for air quality and climate, with
end-user applications in areas such as
health and solar energy supply. The
constituents comprise the long-lived
greenhouse gases, the faster reacting gases affecting air quality and the
aerosols that affect air quality and
climate forcing. The various types of
constituent interact one with the other,
and influence weather through radiative processes and the interactions
between aerosol, cloud and precipitation. Monitoring and forecasting of
stratospheric ozone and surface UV
radiation have already been discussed.

Constituent forecasting or monitoring can be carried out with some
degree of success using chemical
transport models with prescribed or
parameterized surface emissions and
meteorological data supplied from
numerical weather prediction or reanalysis. However, there is an increasing
focus on the use of data assimilation and more integrated modelling
approaches.
This has been prompted in part by
availability of data such as from
Europe’s ERS-2, ENVISAT and Metop
satellites, from the US series of EOS
satellites and from the Japanese
GOSAT mission. ECMWF and its partners in GMES atmospheric-service
projects (www.gmes-atmosphere.
eu) are developing integrated global
modelling for the meteorological,
chemical and particulate variables,
and utilising it in 4D-Var data assimilation for joint analysis of trace species
and meteorology.
Prototype global operational services
provide forecasting and reanalysis,
and support regional air-quality prediction. The regional systems have also

Model values and IASI detection

begun to use reanalysis for air-quality
assessment over Europe, with interpretation provided by source-receptor
modelling. This integration of pilot
atmospheric-service provision exists
within the broader integration of the
GMES programme, which includes
corresponding services for ocean and
land, the provision of the required
space-based observation through
the forthcoming Sentinel series of
satellites, and coordination of in situ
observation.
It is beyond the scope of this article to go much further into this and
other initiatives, but one new challenge merits mention. It concerns
the estimation either of emissions
or of net surface fluxes. Indeed, the
primary motivation for developing
data assimilation for the long-lived
greenhouse gases is to improve knowledge of the variations in space and
time of the surface fluxes, as basic
monitoring of concentrations of the
gases is already provided by analysis
of samples collected from the surface
flask network.

OMI observations
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12h forecast valid 12 UTC 23 May

Available for 00 UTC 23 May analysis

Analysis 12 UTC 23 May

Available for 12 UTC 23 May analysis

100
50
20
10
9
8
7
6
5
4
3
2

Figure 9 — Column SO2 (Dobson units) for the eruption of Grimsvötn in May 2011. The colour shading in the left panels show analyses
for 12 UTC on 22 May (top) and 23 May (bottom), and the 12-hour background forecast for the 12 UTC 23 May analysis (middle). The OMI
data available for assimilation are shown in the right panels, with grey dots denoting values less than 2 Dobson units. Dots in the lefthand panels denote an independent detection of SO2 from IASI data.
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Continued development and comparison of alternative approaches to producing
datasets for climate monitoring is especially important.
For carbon dioxide, NOAA’s CarbonTracker (Peters et al., 2007, www.esrl.
noaa.gov/gmd/ccgg/carbontracker/ )
provides service delivery for surface
fluxes and atmospheric distributions
based on use of surface flask and tower
observations, transport modelling
and data assimilation. Methane flux
estimation for the pilot GMES atmospheric service also employs transport
modelling and data assimilation for
the flux inversion (Bergamaschi et
al., 2009), but uses methane analyses
from the comprehensive integrated
global system for input data, in addition to surface measurements.
The integrated system currently
assimilates only SCIAMACHY data
on methane, and although in this case
the two-step approach does not bring
evident benefit over direct use of the
SCIAMACHY data in the inversion,
it is expected to be beneficial when
methane data from multiple satellites are used. A similar approach
has been developed for carbon dioxide, for which promising results are
being obtained using GOSAT data,
as discussed by Chevalier at the 16th
World Meteorological Congress side
event (www.wmo.int/pages/prog/
arep/gaw/documents/GHG_all.pdf).
The GMES system in general utilises
specified or parameterized emissions
for its range of species. The highly
variable emissions from wildfires
are based on assimilating satellite
observations of fire radiative power.
This component of the system and its
analysis and forecasting of aerosols
from the fires over western Russia in
July and August 2010 are discussed
by Kaiser et al. (2011). The system
currently does not cater by default
for the emissions from volcanic eruptions other than by picking up any
consequential increases in sulphur
dioxide and aerosols captured in the
assimilated observations.

This is illustrated in Figure 9 for
the recent eruption of the Icelandic
volcano Grimsvötn. The initial injection of sulphur dioxide was well
captured by OMI satellite observations assimilated into the GMES
system, as shown for 12 UTC 22 May,
and confirmed by a detection algorithm using IASI data (Clarisse et
al., 2008). Only very limited data for
the eastward tip of the plume were
available for the next 12-hour assimilation period, and in the absence of
an emission source in the assimilating model, the subsequent 12-hour
background forecast significantly
underestimated the intensity and
westward extension of the plume,
which was enhanced considerably
by assimilating the OMI data that had
good coverage again for the 12 UTC
analysis for 23 May.
Manual inter vention to specif y
unusual emission levels is fundamental to the use of the transport
models operated by the Volcanic
Ash Advisory Centres for provision
of service to aviation, or by WMO’s
Regional Specialized Meteorological
Centres for Environmental Emergency
Response for other types of event.
There is, however, a broader interest
in developing the 4D-Var approach
so that it determines not only initial
atmospheric distributions but also
adjustments to emissions over the
assimilation period for the faster
varying species (Elbern et al., 2007).
This offers prospects for accounting
for short-term fluctuations or trends in
emissions of species that are currently
prescribed from inventories, and for
reducing effects of deficiencies in the
parameterization of natural emissions,
in addition to estimating the emissions
from isolated extreme events.
The latter pose other challenges
such as that of specif ying back-

ground errors for atypical conditions.
Ensemble approaches would also
be appropriate in recognition of the
inevitable remaining uncertainty in
emissions, although the additional
computational costs of chemical
and aerosol modelling are a limiting
factor in extending this approach from
weather forecasting.

Conclusions
Observations are vital to the provision of weather, air- qualit y and
climate services, but how they are
used in the route from making the
original measurement to delivering
the service to users is vital too. This
article has focused on one aspect
of this, the use of data assimilation.
Much has been achieved over the
past three decades in extracting an
increasing amount of information
from the observations made over
the period, but much remains to be
addressed in improving monitoring
and prediction. Not least is the
c on tinue d d evelopmen t of the
assimilation and forecasting systems
essential to extract full benefit from
the investment made in observation.
Important requirements for continuing to improve in situ and satellite
observation for atmosphere, ocean
and land have not been discussed in
this article, and must not be downplayed. However, irrespective of the
progress made in this regard there
are continuing challenges to be met
in improving the use of those observations that have already been made
or are being made.
Opportunities to recover past data
and to ensure prompt and widespread
access to all data need to be exploited
to the fullest possible extent, catering
for the dif ferent ways in which
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observations will be used for various
purposes. This includes discovery and
digitisation of older ground-based
observations and reprocessing of
earlier satellite data.
Continued development and comparison of alternative approaches to
producing datasets for climate monitoring is especially important in giving
confidence, quantifying uncertainty
and identifying issues to be resolved,
especially where data coverage is
poor.
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Making climate
services more effective
by Sofia Bettencourt*

As demand for climate services diversifies, many institutions have become
involved, fragmenting service delivery and rendering it more susceptible
to vested interests. Investments are
needed in effective and efficient information systems, capable of conveying
information to those who need it,
where and when they need it. This
article examines lessons learned
from Africa and the Pacific regions
and proposes practical solutions to
make climate services more relevant
to users.

•

Monitoring and predicting of
c lima te - r e la te d ha z ar d s s o
disasters can be averted or mitigated. The key needs in terms of
hazards are the expected intensity, frequency and location of
events based on both historical
statistical analysis and forward
looking modelling. Linking hazard
analysis to his torical expo sure and risk modelling is also
important to forecast with more
accuracy the likely impacts on
population and assets.

Traditionally, climate services have
focused on short- to medium term
weather forecasts (0 –14 days) or
sub-seasonal (1 month) to seasonal
climate forecasts. However, decision-makers increasingly require
information on hazards and longerterm climate trends. This requires
new t ypes of assessments and
more effective and efficient delivery
systems, which often transcend the
mandates of National Meteorological
and Hydrological Services (NMHSs).

With the rise of climate -related
disas ters worldwide, interes t
in climate ser vices has risen
significantly in recent times,
expanding beyond basic traditional
weather forecas ts to long-term
trends and early warning systems.
National decision-makers, in
par ticular, increasingly ask for
climate information to help guide
sectoral policies and decrease the
risk of disasters. Unfor tunately,
for most of the developing world,
this demand has not yet resulted
in ef fec tively linking climate
information with decision-making.
The problem is institutional, as much
as technical.

•

Forecasting climatic conditions
for the forthcoming seasons so
users can adapt their patterns
– for example short-term and
seasonal forecasts indicating
expected deviation of temperature and rainfall from normal
patterns.

Technical constraints remain

D e c is ion - ma ker s ne e d c lima te
information, particularly related to:

•

Forecasting of long-term trends
(e.g., changes in the characteristic of extreme events, trends
in rainfall and temp era ture
patterns) so they can correctly
guide decision-makers in the
formula tion of key p olicie s
and s tr a te gie s . H er e, d e c i sion-makers require not only
forecasts of climate parameters,
but also their expected sectoral
and spatial impact.

*	Sofia Bettencourt is the Lead Operations Officer, World Bank, based in Lusaka, Zambia.
She has managed adaptation and disaster risk management programmes in Africa and
the Pacific Islands region since 1999.
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Some of the constraints remain technical. Sectoral impact analysis, for
example, is an important but often
neglected component of climate
information, partially due to the uncertainties of current rainfall scenarios
and difficulties in downscaling. Yet it
remains critically important for strategic planning. When Madagascar
adopted its five-year national development plan (2007–2012), it would have
been critical for policy makers to know
whether its ambitious road infrastructure plan could be supported by the
expected flood risk increase in major
river basins (Figure 1).
Similarly, as Zambia embarked on an
ambitious hydropower and agriculture intensification programme under
its Sixth National Development Plan
(2011–2015), it was critical to inform
policy makers whether future water

Source: Madagascar Action Plan 2007-2012

the impact. The study has since
been used as a basis for the Kiribati
Adap t a tion Program, currently
developing its third phase (World
Bank, 2000).

Figure 1 — A potential application of long-term climate trends to development planning
The two figures show the planned expansion of the national road system under Madagascar’s
2007–2012 national development plan. As several key roads are located in flood prone
areas, it is important for the achievement of the plan that rehabilitated roads be designed
to current and expected flood standards. Source: Madagascar Action Plan 2007–2012.

resources’ balance in the Kafue River
basin could support an expansion in
power capacity.
Formulation of sec toral impac t
scenarios is only part of the picture
– they also need to be conveyed to
decision-makers in a language that
they will understand. The 2000 Pacific
Island Regional Economic Review:
Cities, Seas and Storms – Adapting
to Climate Change, addressed this
by focusing on four simple questions
often asked by policy makers (see
Figure 2):
•
•
•
•

What is likely to happen in the
future?
What are the impacts on key
sectors?
How much will it cost us?
What should we do to adapt?

In 19 9 9 –20 0 0, the World Bank
collaborated with the International
Global Change Ins titute at the
University of Waikato and more than
20 agencies to complete an analysis
of climate change impacts, economic
costs and potential adaptation options

in the Pacific Islands region. The
study used an integrated climate and
sectoral impact model to simulate
likely future scenarios of climate
change parameters – temperature,
rainfall, sea level rise and extreme
events – and their expected impact
on key sectors, including water
resources, agriculture, health, coastal
systems and fisheries. The analysis
was applied to a representative low
island (Tarawa) and a high island (Viti
Levu) of the Pacific.
Figure 2 illustrates the potential
impact of sea level rise and storm
surge on the coast of Bikenibeu Island,
South Tarawa. By assessing the
opportunity costs of lost assets and
economic flows, the study estimated
an economic impact on coastal areas
of US$ 7.3 million to US$ 12.8 million
per year. For all sectors combined,
the impact of climate change by 2050
is estimated at 2–4 per cent of Fiji’s
Gross Domestic Product (GDP) and
17–34 per cent of Kiribati’s GDP (in
1998 dollars). This study concluded
by presenting a range of potential
adaptation options to help mitigate

Kiribati and Zambia further provide
examples of effective mainstreaming.
In Kiribati, the Ministry of Finance
engaged a strategic planner and
public sector expert to help them
incorporate adaptation into the
2004–2007 National Development
Strategy. In Zambia, the Ministry of
Finance and National Planning hired
a panel of highly respected experts
to help them mainstream the 2011–
2015 National Development Plan.
In both cases, it was the ministry
responsible for economic planning
and budgeting that led the initiative,
and the embedded experts were
highly respected individuals.
By “walking their talk”, the experts
were able to interact closely with the
economic planners, and thus correctly
influence key national planning documents and budgetary allocations.
Had this been approached through
a stand-alone document, for example sustainable development plans or
climate change strategies, the impact
would have been much reduced.
In many countries, forecasting abilities are further limited by the fact
that historical hydro-meteorological
records are incomplete or have not
yet been digitized. In Madagascar, the
Directorate General of Meteorology
addressed this shortfall by collaborating with experts from the University
of Cape Town in reconstituting historical records from 21 stations from
1961–2005. This allowed them to estimate past and future climate trends
in temperature and rainfall. Using
cyclone track modelling they could
estimate the expected future trends
in cyclone path and intensity. The
national team later used this analysis
to develop wind-resistant housing standards. Similar background
analysis has since been carried out
in Mozambique and Sao Tome and
Principe.
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Source: Pacific Island Regional Economic Review: Cities, Seas and Storms – Adapting to Climate Change

A. Present
N

Reef edge
B. 1.0m above MHWS

C. 1.5m above MHWS

Figure 2 — Analysing climate change impacts in the Pacific Islands region
A: Present status
B: Residual island under a worst case scenario 2100
C: Residual island under worst case scenario and storm surge, 2100
In 2008, the Directorate General
of Meteorology of Madagascar
published its analysis of past and
future climate change trends. In
addition to rainfall and temperature
trends, it also analysed future cyclone
tracking scenarios. The results
were subsequently used to divide
Madagascar into four wind-risk
zones, and develop new cyclonesafety standards for public buildings.
The codes are strictest on the northeastern shore, where they are set
to resist wind speeds of 266 km per
hour or 74 m per second. The new
legislation was adopted in April 2010.

Institutional constraints
and complexity
While technical issues continue to
be a constraint, the most important

110 | WMO Bulletin 60 (2) - 2011

reasons for inef fec tive climate
services tend to be institutional. In
both sub-Saharan Africa and the
Pacific, colonial powers established
meteorological and hydrological
net works primarily to ser ve
immediate strategic and military
needs. For this reason, stations
were often located at airports or
major power stations and were not
necessarily representative of agroecological areas.
After independence, meteorological
and hydrological services became
intrinsic ally af f iliated with the
agencies that their stations directly
ser ved – t ypically depar tments
of transport, communications or
aviation (for meteorology services)
and departments of water affairs
(for hydrological services). During
the 1980s, structural adjustments
and public expenditure reforms

made these agencies prime
candidates for budgetar y cuts,
with the consequence that many
meteorological and hydrological
stations became degraded or ceased
to operate altogether (WMO, 2009).
In strategically important sites, such
as major mines and infrastructure,
private hydro-meteorological stations
began to emerge.
This complex institutional setting
became further fragmented with
the advent of disaster management
agencies and, more recently, climate
change units, typically run by different traditional “mother” agencies,
such as civil defence and environment. Partially as a result of these
trends, the WMO 2006 Disaster
Risk Reduc tion (DRR) Countr yLevel Survey (WMO, 2008) reported
only one African country (out of the
28 countries that responded in Africa)
and about one-fourth of the Small
Island Developing States (14 out of
the 19 countries and territories that
responded in the Pacific) as having
succeeded in combining NMHS under
a single agency.
The key difficulty in harmonizing
climate information systems lies with
budgeting. Government budgets are
generally allocated sectorally, making
it intrinsically difficult for Ministries
of Finance to approve budgets lines
covering multiple agencies.
For b oth donor s and re cipient
agencies, the incentives also favour
fragmentation of the system, rather
than its consolidation and effective
delivery. From the perspective of
donors, it is easier to claim a distinct
ou t p u t , s u c h a s r e ha b ili t a t in g
x-number of meteorological stations
o r in t r o d u c in g a v uln e r a b ili t y
assessment methodology, rather
than focusing on an ef ficient
system relying on multi-agency
collaboration. Likewise, individual
agencies face perverse incentives.
Developing their own early warning
or monitoring system gives them a
strengthened mandate, resources,
equipment and opportunities for

staff development. By comparison,
the incentives toward an effective
system are much less clear: Who
holds the budget? Who takes the
credit? How does one measure an
effective system?
This institutional complexity is not
helped by the fact that meteorological
ser vices and even disaster risk
management agencies often lack
the mandate to help users adapt to
climate variability and prepare for
disasters. This is often the mandate
of municipal agencies in urban areas,
or ministries of agriculture, public
works or regional governments in
rural areas. Even when early warnings
reach the field, funds are of ten
released late, or regional agencies
lack the experience or political will
to help their communities.

Political complications
A further complication has been the
tendency for politicians to use climate
information to their advantage.
According to an exper t from an
African meteorological ser vice,
how do politicians announce a dry
season, when political campaigns
have promoted another bumper
harvest? Climate scientists are often
reluctant to release information that
they consider imprecise. Decisionmakers, on the other hand, tend to
use information that best serves their
purposes and ignore information that
they consider unfavourable. Uncertain
scenarios of rainfall can provide them
with just that leverage.
In some regions, critical livestock
migration routes in drought-prone
areas were reportedly affected by
large-scale agriculture investments,
promoted based on projections of
higher future rainfall by some, but
not all, Global Circulation Models. As
climate forecasts become increasingly
important to the general public, it
becomes critical to shield them from
political interference, and correctly
orient decision-makers and strategic
planning documents.

Developing effective
climate services
Analyse the key weaknesses in the
national systems: The first step is
for meteorological ser vices and
other involved agencies to analyse
the key weaknesses in the national
systems: where are the obstacles
preventing climate information from
reaching end users when and where
needed? Figure 3 shows t ypical
components of a national system.
Weak links include sectoral impact
modelling in long-term climate
change forecasts, overly-complex
vulnerability assessments that fail
to feed into decision-making, early
warning systems that are unlinked to
funding sources, and the release of
timely information to users.
Reinforce institutional links: Over
the long term, this second step
may be best achieved by linking
all key components of the system
through coordination mechanisms or
programmes, which engage NMHSs,
Disaster Risk Management agencies
and organizations or institutions
responsible for climate change
adaptation.
In practice, very few countries have
reached this stage. Some countries
have combined meteorological
with hydrological ser vices (for
example, Cook Islands); others have

Information sources

combined NMHSs that run under
disaster risk management agencies,
such as in Kyrgyzstan. Still others,
such as Viet Nam, Tajikistan and
Nepal, incorporated NMHSs under
environment or natural resource
ministries.
Over the short term, many countries
have tried to address this constraint
by forming multi-agency platforms
or committees, or redefining the
mandates of the various agencies
through legal protocols. In Africa, for
example, the WMO 2006 DRR CountryLevel Survey found that 30 per cent
of the 28 responding countries had
established partnership agreements
between national meteorological
services and national hydrological
services (WMO, 2008).
T his c an b e f ur ther f a cili t a te d
by having a single inter-agency
committee responsible for disaster
risk reduction and for climate change,
or by creating a single climate
information service platform, as
recently done in Zambia.
Make the system more responsive to
users’ needs: This third step implies
making climate data accessible
and understandable to end users
(e.g., sectoral users, farmers and
community leaders) and insulating it
from political interference. To ensure
this, NMHSs need to understand the

Climate services

Decision makers

Academia/IPCC

International
or Regional

Geospatial information
Regional forecasts
Disaster warning centres

National

Hydro-meteorological stations

Climate change trends

Policymakers

Short-term and
seasonal forecasting

End users
(e.g. farmers)

Early warning

Vulnerability and needs assessments

Funding

Figure 3 — Typical components of a climate information system
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requirements of their users, factor
these into the development of their
products and services and regularly
elicit feedback from them. However,
a more challenging task is to ensure
that it reaches end users without
being “lost in translation”. Apart
from the traditional media (radio and
television), mobile phone technology
has emerged as a promising new tool
to promote accountability.
Either through crowdsourcing,
freeware or paid services, mobile
telephony is increasingly being used
to convey weather information and
early warnings directly to users,
particularly farmers, using short
messaging ser vices (SMS). This
technology enables NMHSs to send
text messages to a large number of
users. Sao Tome and Principe, for
example, plan to warn artisanal fishers
of upcoming storms using SMS.
In turn, users are being encouraged
to use SMS to relay information on
traditional warning signs – rainfall,
flood levels, snow, mudslides, storms
gather on lakes, rivers or at sea, etc.
Some systems also allow users to
reverse SMS charges.
The great advantage of these systems
is that once cleared by NMHSs, the
warnings are automatically conveyed
to end users with minimum political
interference. This is par ticularly
the case if NMHSs are able to pass
automatic forecasts or warnings
emitted by regional centres, such as
in the case of tsunamis or cyclones.
Link climate information to financing
of risk. Climate risk financing is
particularly important in the event
of disasters. This is best achieved
by establishing contingency funds
or insurance s chemes that are
linked to parametric triggers, rather
than relying on declarations of
national emergencies, which tend
to be more prone to delays and
subjective interpretation. Examples
of risk financing schemes reliant on
parametric triggers include drought
insurance s chemes in Ethiopia

112 | WMO Bulletin 60 (2) - 2011

and Malawi, and the Caribbean
Catastrophic Risk Insurance Facility
(CCRIF*).

•

Promoting accountable systems
by conveying climate information
directly to end users; and

Linking climate information to risk
financing is also important in noncatastrophic events. As inter-annual
climate variability increases, there
is an increased need for municipalities and local governments to have
access to small pools of contingency
funds. They can use these funds to
adjust their activities in accordance
with seasonal forecasts, for example,
to repair roads and clean drains likely
to be affected by seasonal flooding or
to stock food in advance of a drought
season. Such systems already exist in
Kenya, Ethiopia and Bangladesh, and
are under development in the Pacific
Islands region.

•

Ensuring climate information is
linked to risk financing mechanisms in ways that can make
a difference when and where
required.

Suggested ways forward
In sum, the challenges to effective
climate services are as much institutional as technical. In a future of
increasing climate variability, climate
information mandates have become
increasingly diffuse, rendering the
effective delivery of information and
resources all the more complex.
The recent increase in international
funding for NMHSs is a welcome
trend, but funds need to be
channelled into making the system
more accessible and understandable
rather than contributing to its further
fragmentation. To this end, some first
steps for NMHSs include:
•

Facilitating stakeholder meetings
to correctly identify the weakest
linkages;

•

Encouraging further institutional
consolidation and cooperation
among me te orolo gi c al and
hydrological services and agencies responsible for disaster risk
management and climate change
adaptation;

*	The Caribbean Catastrophe Risk Insurance
Facility (CCRIF): www.ccrif.ogr.

While these challenges are daunting,
many countries have already made
important strides towards strenghening climate services. They need to be
further encouraged in their efforts.
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Reducing disaster risk
in cities — the Republic
of Korea’s experience*
by Glenn Dolcemascolo1, Yongkyun Kim2 and
Teh-Lan Linda Mu3

Our ability to reduce disaster risk
relies on the full engagement of local
governments. When national and
local governments work together,
they can be a formidable alliance for
risk reduction. This article reports on
the Republic of Korea’s experience
and examines the role of city governments in reducing disaster risk and
applying climate information.
As the Third Session of the Global
Plat form for Disaster Reduction
in May 2011 reminded us, half of
humanity is now living in cities. By
2050, urbanization will rise to 70 per
cent and urban risk will increase as
well. In cities and towns around the
world, mayors and municipal authorities have been taking steps to protect
their populations and their economies. Climate information is one
of their most important tools, even
more so in a changing climate where
more frequent and intense extreme
events put populations and economies at risk.

meteorological ser vices and
universities, as well as with technical
and private sector institutions that
provide climate information. Yet in
many cases, city governments and
hydro-meteorological offices are
unfamiliar with each other’s roles,
capacities and needs.

International leadership
The government of the Republic of
Korea has made disaster reduction
a priority, and commitment to the
effort is growing in many sectors.
Internationally, the government has
demonstrated its leadership in hosting
the 4th Asian Ministerial Conference
on Disaster Reduction (AMCDR) in
2010. With a focus on disaster risk
reduction through climate change
adaptation, AMCDR resulted in a
ministerial declaration, the Incheon
Regional Roadmap and Action Plan
on Disaster Risk Reduction through
Climate Change Adaptation in Asia
and the Pacific (Incheon REMAP).

in urban development, land-use
planning and physical planning. It
also calls for an increase of userfriendly climate information that can
help guide informed actions at the
local level. The Republic of Korea’s
international leadership in this area
mirrors its growing commitment to
domestic risk reduction.

Climate change
aggravates challenges

The Incheon REM A P promote s
integrating disaster risk reduction
and climate change adaptation

The Republic of Korea is prone
t o nu m e r o u s n a t ur a l h a z a r d s ,
including typhoons, floods, droughts,
landslides, snowstorms, tsunamis
and ear thquakes. Heav y rainfall
and typhoons are the most frequent
and destructive. Two-thirds of these
disasters occur in the summer months,
b e t ween June and Sep temb er,
when the monsoon season brings
heav y rainfall averaging 383 ml
(about 24 inches) that often triggers
flooding and landslides in country’s
mountainous landscape. In July and
August, typhoons originating east
of the Philippines frequently travel
towards the Korean Peninsula.

	This article reflects the opinions of its authors and does not necessarily convey the views
of their host institutions.
1	Glen Dolcemascolo, United Nations International Strategy for Disaster Reduction (UNISDR),
Office for Northeast Asia and Global Education and Training Institute for Disaster Risk
Reduction at Incheon
2	Youngkyun Kim, National Emergency Management Agency (NEMA), Republic of Korea
3	Teh-Lan Linda Mu, Yonsei University, Seoul, Republic of Korea

Climate change is further aggravating
these challenges. From 1912 to 2008,
the average temperature in the
Korean Peninsula has increased by
1.7°C and rainfall has increased by
19 per cent. Studies have shown an
increase in average rainfall intensity

Local action will increasingly rely
on par tner ships bet ween loc al
and national governments and,
in particular, with national hydro-

*

WMO Bulletin 60 (2) - 2011 | 113

and a strengthened average minimum
pressure in typhoons.
The Republic of Korea is committed to mitigating or lessening the
effects of natural disasters by improving land-use planning, particularly
in floodplains and on steep slopes;
upgrading building standards for
schools, hospitals and other critical infrastructure; enhancing the
protection of forests and wetlands;
and strengthening early warning
systems and preparedness capacities. All of these endeavours rely on
climate information.
The Korea Meteorological Admini
stration (KMA) plays a central role
in supporting disaster reduction and
provides early warning, short-medium
range forecasting and long-range
climate change projections. To further
improve these services, it is in the
process of improving meteorological observation systems. KMA issues
warnings and special weather reports
for heav y rain and snow, storm
surges, tsunamis, typhoons, yellow
dust and other extreme events. KMA
also distributes short, medium-term
forecasts, including quarterly bulletins and El Niño and La Niña forecasts.
The Ministry of Environment and the

its surrounding five satellite cities of
Ilsan, Bundang, Sanbon, Pyeongchon
and Jungdong are home to more than
20 million people, or 47 per cent of
the nation’s total population.
This rapid population growth in urban
areas led to housing shortages and
increasing land prices in cities. To
address this problem, the government increased the supply of land
available for residential construction
and built small housing units. Landuse planning is at the heart of these
efforts and disaster risk reduction is
playing an increasingly prominent
role in guiding these plans.

Land-use planning
In the Republic of Korea, land use planning involves roles and responsibilities
distributed between national and local
authorities. Climate information plays
a vital role in support of these planning processes. Land-use planning
and water resources are managed
by the Ministry of Land, Transport
and Maritime Affairs. National laws
govern land-use planning and zoning
regulations through the National Land
Plan and Utilization Act. The City
Planning Law applies to urban areas

The government of the Republic of Korea has made
disaster reduction a priority.
National Emergency Management
Agency (NEMA) uses this information
routinely for drought prevention and
flood mitigation. On a longer timescale, climate change projections are
available for use by government
sectors.
In 1960, only 38 per cent of the national
population of the Republic of Korea
lived in cities. Due to rapid industrialization and economic growth,
by the turn of the millennium, this
number skyrocketed to 88.3 per cent.
Today, the capital city of Seoul and
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and establishes limitations on zoning
and building plans. Individual buildings are further subject to a building
law for individual buildings.
Metropolitan city governments and
local governments have the authority
to develop city plans. These plans are
submitted for approval to the Ministry
of Construction and Transportation.
The Comprehensive Flood Mitigation
Plan (CFMP) policy further requires
that all city plans consider disaster
risk reduction factors. CFMPs are
approved by a special NEMA commit-

tee. Experts from local universities
and technical institutions are often
hired by city governments to develop
the CFMP using historic weather information from the KMA and historical
disaster damage and loss data from
NEMA or the disaster mitigation division in the city government.

Structural safety
Protecting schools and hospitals from
disasters is essential for saving lives.
While most hospitals are constructed
by the private sector, schools are
within the public domain. School facilities are subject to national laws that
require earthquake-resistant design
for buildings higher than three storeys.
In addition, the 2001 Comprehensive
Earthquake Prevention Plan of Seoul
Metropolitan Government requires
that every existing building of any
type be examined.
In local school districts, school principals carry out a monthly check of
the condition of the buildings based
on earthquake-resistant design standards. Local authorities have also
established and are implementing
mid-term and long-term reinforcement plans to strengthen earthquake
resistance. To date, there are no regulations that directly address school
safety standards in relation to storms
and floods.
However, maintaining urban drainage and water management systems
is regarded as an essential factor for
mitigating flood risk. A national law
governs the design and maintenance
of drainage systems. The Ministry of
Environment is responsible for developing technical standards. During
the process, local governments
provide feedback to the Ministry
through public hearings. City governments also participate in developing
supporting enforcement ordinances
and regulations.
In general, city governments are
responsible for maintaining sewage
systems and levees, with the excep-

Half of humanity is living in cities.

tion of levees along larger rivers,
which are maintained by the national
government. The KMA provides valuable hydro-meteorological data to
municipal government departments
such as the water management
bureau. These departments then
analyse the data using their own
models and processes.
Based on historic records, government sewer design standards provide
guidelines for sewer system capacity for coping with increased, unusual
rainfall.

Building resilience
More recently, in an effort to promote
design standards for resilience in a
changing climate, NEMA and the
Ministry of Land and Maritime Affairs
have launched a cooperative initiative that studies the effects of climate
change on rainfall, snow fall and
typhoons in the Republic of Korea.
Through this project, the national
government and an expert team from
the University of Inha are working
together to apply climate information to issues that concern national
and city governments.

Community-based
preparedness
The national government and the Local
Headquarters for Disaster and Safety
Management, which both receive
alerts from KMA, have responsibility
for informing citizens and managing
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These standards are reviewed and
renewed every five years. Climate
change is now an established factor
in reshaping design standards. The
city of Seoul announced its plans to
expand capacity levels to 100 ml per

hour, which may include increasing
the sewer pipe capacity, building additional pumping facilities and other
measures.

The focus on land-use planning and
structural safety and resilience are
only two elements of a much broader
programme of disaster risk reduction
in the Republic of Korea. Cities are
now beginning to integrate climate
change adaptation efforts into their
plans. Guided by the internationally
agreed Hyogo Framework for Action,
the Republic of Korea already reports
substantial progress in achieving
many indicators. Early warning and
preparedness, in particular, stand
out as key components of national
and local disaster risk reduction
strategies.

A view of Busan, the Republic of Korea’s second largest city after Seoul, with a population of approximately 3.6 million as of 2010.
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Seoul prepares for flooding

evacuations. Communit y-based
preparedness, another key feature
of the Korean approach to building
resilience, brings climate information directly into people’s homes.
The ancient custom of Phom-A-Si,
or working in turn for one another
and exchanging services, has been
practiced since the Yi Dynasty (1392
to 1910), and today serves as the basis
for volunteers’ participation in disaster relief activities.
More formally, Community Volunteer
Disaster Prevention Teams have
been established. While the national
government provides training to the
heads of these teams, local government assumes responsibility for
educating the wider team, including in
the appropriate response to seasonal
forecasts and early warnings.

A culture of cooperation
Looking at the experience of cities
and communities in the Republic of
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Korea, it is clear that disaster risk
reduction and prevention requires a
culture of cooperation. This means
that community organizations, civil
society, women and youth, academic
and technical institutions, and the
private sector must all work together
towards this goal.
Recognizing the power of global
cooperation, the Government of the
Republic of Korea, in partnership
with the city of Incheon and the
UNISDR Office for Northeast Asia,
has launched a Global Education
and Training Institute for Disaster
Risk Reduction (GETI) at Incheon.
GETI’s goal is to build resilience to
urban risk by integrating disaster
risk reduction and climate change
adaptation into economic and social
planning. To realize its goal, GETI
advances investment in disaster
risk reduction and climate change
adaptation through advisory and
training initiatives, targeted advocacy,
expert and peer-to-peer learning, and
technology transfer.

GETI was launched by the United
Nation’s Secretary-General, Ban
Ki-moon. In his speech, he emphasized GETI’s commitment to equip a
new generation of urban planners and
city managers with state-of–the-art
knowledge of risk sensitive development to better manage emerging
risks from a changing climate. GETI
provides education and training
as another way to raise awareness
among government authorities.
Active cooperation between national
and local governments is essential for
effective disaster risk reduction, and
the role of national hydro-meteorological services and other providers
of climate information is fundamental. While the basic elements are in
place, with a more concerted effort,
partnerships between these institutions can grow into a formidable
alliance for resilience.

Making cities resilient

Disaster risk is an escalating problem in urban areas where population
and economic assets are concentrated. A campaign launched in May
2010 has created a global network
of local governments committed
to reducing risk and building more
resilient cities.
Rapid unplanned urbanization,
coupled with ecosystem degradation, increases communities’
vulnerability to floods, landslides,
storm surges and seismic hazards.
Local governments often need to
be frontline responders when these
types of disasters occur. To help
them prepare, the United Nations
International Strategy for Disaster
Reduction (UNISDR) created the
Making Cities Resilient: My City is
Getting Ready! campaign.
The campaign is premised on three
points: know more, invest wiser and
build more safely. Mayors, by joining
the campaign and with the consent
of their city councils, agree to uphold
a 10-point checklist for making cities
resilient to disasters caused by natural hazards. This list of Ten Essentials
form the basis of a city’s commitment, and is the organizing principle
around which members pool together
good practices, tools, resources and
frameworks for reporting and monitoring progress.
Local government bodies oversee
cities of different sizes, characteris-

tics, risk profiles and locations. Their
efforts are reinforced through the
campaign by a supportive group of
partner organizations. Through highprofile media and public awareness
activities, the campaign is helping
local governments build a strong
sense of political commitment to
reducing disaster risk and engaging
in climate change adaptation. Partner
organizations are working alongside
campaign cities to develop specific
technical tools to build the capacity
of campaign cities.
The 2011 Chengdu Declaration for
Action defines a five-point strategy for
the coming years and is an important
next step in implementing the Making
Cities Resilient c ampaign. The
declaration builds on commitments
made in the Mayors’ Statement on
Resilient Cities presented at the
Global Platform for Disaster Risk
Reduction, held 8–13 May 2011 in
Geneva.

Making climate change
action a priority
There is also an urgent need to
address climate change implications
and to provide practical guidance
for adaptation and mitigation at the
local level. These measures will help
minimize potential disaster losses
due to climate variability and extreme
weather events that have immediate
implications.

© UNISDR

by the Secretariat of the United Nations Strategy for
Disaster Reduction (UNISDR)

UNISDR –
informing and
connecting people
UNISDR is the Disaster Risk
Reduction Office of the United
Nations and is at heart of a global
partnership that plays a vital role
in raising awareness of the tangible socio-economic benefits of
disaster risk reduction. It was
established in 1999 as a focal
point for these issues within the
United Nations system. It coordinates international efforts on
disaster risk reduction through
support to implementation of
the Hyogo Framework for Action,
organizes the Global Platform on
Disaster Risk Reduction every two
years, and advocates for greater
investment and the integration of
disaster risk reduction into policies and programmes for climate
change
adaptation.
UNISDR
informs and connects people
by providing practical tools and
publishing the biennial Global
Assessment Report, an authoritative analysis of global disaster
risk.
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Ten-point checklist – essentials for
making cities resilient
1.	Put in place organization and coordination to understand
and reduce disaster risk within the local government, based
on participation of citizen groups and civil society – build
local alliances. Ensure that all departments understand
their role and contribution to disaster risk reduction and
preparedness.
2.	Assign a budget for disaster risk reduction and provide
incentives for homeowners, low-income families,
communities, businesses and public sector to invest in
reducing the risks they face.
3.	Maintain up-to-date data on hazards and vulnerabilities;
prepare risk assessments and use these as the basis for
urban development plans and decisions. Ensure that this
information and the plans for your city’s resilience are
readily available to the public and fully discussed with them.

t

Making Cities Resilien

My City is Getting Ready

Sign up
today to make
your city resilient
to disasters

4.	Invest in and maintain infrastructure that reduces risk, such
as flood drainage, adjusted where needed to cope with
climate change.
5.	Assess the safety of all schools and health facilities and upgrade these
as necessary.
6.	Apply and enforce realistic, risk-compliant building regulations
and land-use planning principles. Identify safe land for low-income
citizens and develop upgrading of informal settlements, wherever
feasible.
7.	Ensure education programmes and training on disaster risk reduction
are in place in schools and local communities.
8.	Protect ecosystems and natural buffers to mitigate floods, storm
surges and other hazards to which your city may be vulnerable. Adapt
to climate change by building on good risk reduction practices.
9.	Install early warning systems and emergency management capacities
in your city and hold regular public preparedness drills in which
everyone participates.
10.	After any disaster, ensure that the needs of the survivors are placed
at the centre of reconstruction with support for them and their
community organizations to design and help implement responses,
including rebuilding homes and livelihoods.

Local governments can provide
political leadership to assist efforts
to rever se climate change and
reduce climate risk. Partners such
as meteorological depar tments
or research institutions can play a
significant role in supporting cities
by providing climate information
for use at the local level. This data
can be incorporated into risk and
vulnerability assessments, which are,
for example, critical for integrated
flood and drought-risk management.
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One of the main concerns of local
governments is budget allocations
for disas ter risk reduc tion and
climate change adaptation, which
requires a change in global financing
systems from the current top-down
approach to a locally-orientated,
demand-driven approach. Effective
lo c al a c tion r e quir e s f inan c ial
resources as well as political authority and human capacity, which both
need to be strengthened at the local
level.

Making Cities Resilient: My City
i s G e t tin g Re a d y! b uild s on a
campaign for safer schools and
hospitals, whose elements have been
incorporated in the Ten Essentials. A
special pledging initiative, the One
Million Safe Schools and Hospitals
Initiative, was launched as an activity
under the campaign.

Strong partnerships are key
By September 2011 more than 800
local governments in 74 countries
had joined the campaign. Local
governments are represented by
mayors or governors and their
councils, covering different urban
scenarios, sizes and regions.
The campaign receives support from
role models and campaign champions:
18 local governments have been
nominated as role models of good
practice and 11 campaign champions –
local government leaders – have been
assigned to promote and encourage
other leaders to take action in this
field.
At least 25 partner organizations
have officially committed to support
specific areas of delivery within the
campaign. Organizations at the
regional and local level are becoming

increasingly engaged in supporting
specific cities or provinces. According
to the Campaign Advisory Panel, “The
beauty of the campaign lies in the
partnership, as multiplier.”

Securing media coverage and raising
the visibility of campaign cities will
be important for raising awareness
at the global, national and local level.

How can you support
the campaign?
•

Inform your national or local
government about the campaign
and the Ten Essentials for making
cities resilient;

•

Promote the campaign at national
and local events;

•

Nominate cities or local governments in your country, or offer to
twin with another city;

•

Document and share good practices to reflect your work on any
of the Ten Essentials and send
your story or good practices to
UNISDR; and

•

Identify projects and investment
opportunities to support actions
in a city, or contact UNISDR for
ideas to finance the campaign.

The areas of action until 2015 include:
Campaign par tner organizations include the United Nations
Human Set tlements Programme
(UN-HABITAT), the World Bank Global
Facility for Disaster Reduction and
Recovery (WB-GFDRR), the Network
o f Ci v il S o c ie t y O r ganiz a tion s
for Disaster Risk Reduction, the
Community Practitioners Platform, the
Grassroots Organizations Operating
Together in Sisterhood (GROOTS),
the United Nations Development
Programme (UNDP) and others.
Professional groups involved with
the built environment, as well as
city and town planners, have joined
the campaign to refine planning
principles and provide guidance
on resilience. United Cities and
Local Governments (UCLG), ICLEILocal Governments for Sustainable
Development, CityNet (Asia/Pacific)
and the Earthquakes and Megacities
Initiative (EMI) are active members.
They ensure political commitment
and outreach to local governments
through their policy and sharing
plat forms. Several regional and
national associations of local
governments are commit ted to
promoting the campaign’s objectives
and to helping members report on
progress.

•

Coordination and advo c acy
through role models with different areas of expertise, who will
increase outreach to cities, local
governments or mayors, sensitize policy dialogues, and mobilize
resources;

•

Enhancing capacit y through
city-to-city learning, training
and twinning of cities, support
planning and implementing the
Ten Essentials, and conducting
e-training modules;

•

Developing tools and resources
such as the Handbook for
Mayors, web-based inventories
of resources, and documenting
and sharing practices;

•

Reporting on progress by using
city resilience indicators and
local HFA monitoring, and sharing good practice; and

•

The One Million Safe Schools and
Hospitals Initiative.

Read more about how spe cif ic
stakeholder groups can support the
campaign: www.unisdr.org/campaign
or contact us: isdr-campaign@un.org

Looking to the future
A longer-term programme, expected
to continue at least until 2015, will
build on successes and partnerships
established in 2010. It will focus
on creating opportunities to pool
resources and form partnerships to
support implementation of the Ten
Essentials. The campaign will focus
on supporting concrete actions and
shared learning among cities with
similar risks and issues. Benefits
will be derived from the wealth
of knowledge gathered from role
models and campaign champions.
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New Large Aperture Scintillometer
for real-time heat flux measurement
Kipp & Zonen is proud to introduce its latest development in the field of
atmospheric science and hydrology instruments, our next-generation
Large Aperture Scintillometer: LAS MkII.
Kipp & Zonen has been designing and manufacturing solar radiation
measurement equipment for over 75 years and supplies leading meteorology
and climatology organisations, research institutes and energy companies
around the globe. Our experience, and continuous process of development
and improvement, has resulted in some of the best instruments available for
the measurement of solar radiation, the energy balance, far infrared, PAR
and evaporation.
www.kippzonen.com
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