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Climate Knowledge for Climate Action
WMO ranked 2014 as the hottest year on record. In 2015,
the United Nations Member States will adopt three
major agreements that relate to the environment. The
first, in March, is in the area of disaster risk reduction.
The second, in September, will promote sustainable
development. The third, in December, aims to limit
average global temperature increases and the resultant
climate change. WMO is active in all of these processes
as weather, climate and water knowledge have a key role
in the decision-making and actions that will be required
on the international, national and community levels. The
WMO theme for 2015, Climate Knowledge for Climate
Action, is supportive of these ongoing processes. This
issue of the Bulletin highlights that theme.
Strong weather and climate services are now more
necessary than ever before to increase resilience to
disasters and help countries and communities adapt
to a fast changing and, in many places, less hospitable
climate. The scientific community has made significant
progress, but many gaps and challenges remain in
delivering climate knowledge for climate action. The
first half of this Bulletin looks at some of the scientific
accomplishments and offers a candid view of the challenges ahead in both weather and climate science and
in scaling down and refining data and predictions for
local scales, for example, megacities.
Key among those challenges is prediction of the El
Niño-Southern Oscillation (ENSO). Around 93% of the
excess energy trapped in the atmosphere by greenhouse
gases from fossil fuels and other human activities ends
up in the oceans. The heat content of the oceans is key
to understanding the climate system. Understanding
and forecasting of the onset and duration of the phases
of ENSO have provided a basis for routine delivery of
seasonal climate outlooks and associated information
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and services. However, “Progress on Observing and
Predicting ENSO” highlights that the observing system
is at risk and the evolution of the prediction systems, in
general, is not keeping pace with the demand for climate
services in terms of accuracy and reliability and more
research is needed to close these gaps.
Another challenge is in the area of capacity development
in National Meteorological and Hydrological Services. An
estimated 150 000 meteorological personnel will need
education and training in the next ten years as weather,
climate and water expertise expand to include more
tailor-made and fit-for-purpose services. In 2015, WMO
Regional Meteorological Training Centres celebrate 50
years – are they still up to the challenge?
Reliable forecasts of seasonal streamflow are critical
input for water resource managers, power operators and
many other business sectors. The Bureau of Meteorology
of Australia present a case study on their streamflow
prediction services.
The Bulletin concludes with two articles highlighting
major environmental issues of our generation: ocean
acidification caused by the trapping of greenhouses
gases mentioned above, and the ozone layer.

K.GebreEgziabher/ UNHCR

Building Climate
Resilience through Disaster
Risk Reduction

By WMO Secretariat1

Natural hazards involving weather, climate and water are
a major source of death, injury and physical destruction.
Over the past decade (2005-2014), 3 253 hydrometeorological hazards were reported around the world, resulting
in 283 0351 deaths and economic losses amounting to
US$ 983 million.2

human and financial resources, and strengthen their
cooperation with other national and regional partners.

At the same time, and thanks in good part to the Hyogo
Framework for Action 2005−2015: Building the Resilience
of Nations and Communities to Disasters (HFA), the past
decade also saw many lives saved and much property
protected from damage in countries around the world
through improved early warnings and greater climate
resilience. National Meteorological and Hydrological
Services (NMHSs) have played a major role in this
success story by providing forecasts and early warning
services for weather, climate and water-related hazards
such as tropical cyclones, storms, floods, droughts, heat
waves, cold waves and wildfires. They have also become
more effective in communicating risk to the public and
coordinating their actions with emergency, medical and
other relevant national agencies, a cornerstone of the
Hyogo framework.

•

The new post-2015 framework for disaster risk
reduction (DRR), which will succeed the HFA, is
to be adopted at the Third United Nations World
Conference on Disaster Risk Reduction (WCDRR-III)
in Sendai, Japan, in March;

•

The Sustainable Development Goals (SDGs) are
to be adopted by governments at the UN General
Assembly in New York, in September; and

•

A new agreement under the United Nations Framework Convention on Climate Change (UNFCCC) is
to be adopted in Paris in December.

While significant progress has been achieved, many
gaps and challenges remain. These challenges will
increase as populations rise, megacities expand and
increased vulnerability heighten exposure to extreme
weather events. To respond to the rising expectations
for greater security, NMHSs will need to build greater
institutional and operational capacities, attract more

The future environment for reducing disaster risk will be
shaped by three critical United Nations-led negotiations
that will conclude this year:

These concurrent processes provide the international
community with a unique opportunity to ensure coherence and alignment across policies, practices and partnerships in programme implementation for disaster
risk reduction, sustainable development and climate
change. Together they will affect, for the WMO, how
user-oriented weather, climate and water services are
delivered over the coming decade and beyond to meet
the evolving needs of governments, decision-makers
and the public.

1

WMO contributions to post-2015 framework

EM-DAT, database of the Centre for Research on the Epedemiology of
Disasters (CRED) at the Université catholique de Louvain (UCL), www.
cred.be

In Sendai, the world’s governments will build on the
accomplishments of the HFA by adopting the post-2015
framework for disaster risk reduction. This new framework
is expected to take a broader, people-centred approach to
disaster risk reduction. It is likely to call for focused actions

Tang Xu, Director; Mannava V.K. Sivakumar, Consultant; and Jochen
Luther, Junior Professional Officer, Disaster Risk Reduction Programme;
and Michael Williams, Chief, Communications & Public Affairs Office,
WMO
2

WMO Bulletin 64 (1) - 2015 | 3

in the following priority areas: (1) understanding of disaster
risk; (2) strengthening of governance and institutions to
manage disaster risk; (3) investing in economic, social,
cultural and environmental resilience; and (4) enhancing
preparedness for effective response and “building back
better” recovery and reconstruction.

reduced mortality in many parts of the world, there is room
for improvement. In particular, the adoption of multi-hazard
early warning systems can provide integrated and seamless
services for simultaneously reducing disaster risk from
different types of hazards, from short-term weather to
longer-term climate timeframes. These systems engage
all relevant actors and address all major hazards, including
storms, floods, droughts, heatwaves and other extremes.
As part of the move from single-hazard to multi-hazard
early warning systems, NMHSs are making a shift to
impact-based forecasts and risk-informed warnings. They
are moving from a focus on providing an understanding of
hydrometeorological hazards to offering an understanding of the likely impacts of these hazards. This trend will
accelerate as lessons are learned and user feedback from
around the world is received.

Building resilience of communities through early warnings,
physical resilience and financial preparedness
The WMO community broadly agrees on what is required
to further strengthen its contribution to disaster risk reduction. NMHSs will have a key part to play in implementing
the new Framework. Together, they can contribute through
a series of practical actions:
1 - By ensuring better access to global risk information:
Current and historical data, together with predictions and
forward-looking analyses, are essential for monitoring
hazard-related trends, quantifying disaster risk, identifying
best practices and setting priorities. The WMO community
will continue to significantly improve the quality and availability of essential weather and climate observations, data
and predictions, which are distributed to all countries via the
WMO Information System (WIS) and the WMO Integrated
Global Observing System (WIGOS). Many other WMO
activities, such as the World Weather Watch, the World
Climate Programme and the WMO-led GFCS, will also
contribute to the provision of improved risk information
in the coming years.
WMO will also work on improving access to other types of
risk data. For example, together with the United Nations
Educational, Scientific and Cultural Organization (UNESCO),
WMO will assist countries to implement multi-hazard early
warning systems and to gather information on national
hazard-risk standards related to exposure and vulnerability.
In addition, recognizing that data about disaster risks and
losses tend to be incomplete and difficult to compare
from country to country, WMO will work with partners to
periodically review and publish materials such as the recent
Atlas of Mortality and Economic Losses from Weather,
Climate and Water Extremes (1970-2012).
2 - By implementing multi-hazard early warning systems:
While early warning systems and services have dramatically
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An effective early warning system consists of four components: risk identification, continuous monitoring, timely
information delivery and citizen response. Because hazards
vary across territories and communities, early warning
systems should be tailored to reflect local contexts and
needs. The development and enhancement of climate
information and multi-hazard early warning systems can
inform, and thereby improve prevention, preparedness
and early action and response. In addition to early warning systems, every country needs a “24/7 operational
interactive platform” for coordinating action by various
agencies and communities, building climate resilience
and delivering warnings as well as actionable response
information about hazards.
These platforms should link together the activities of
NMHSs, disaster risk reduction and management agencies, and emergency management groups. By drawing
on advanced technologies such as satellite and mobile
communication services, and reaching out to the public
via multiple communications channels, including social
media, it is possible for operational services to greatly
improve responsiveness. WMO, through NMHSs, will help
to build national capacity by strengthening the provision
of knowledge products, demonstration projects, training
and forums for sharing lessons learned, etc.
Another improvement involves an increased focus on the
“last mile.” NMHSs will enhance their work with disaster
management agencies, media intermediaries, etc. to
ensure that effective warnings reach people in remote
places and difficult terrains.
3 - Strengthen operational disaster risk-reduction services:
The HFA has promoted a paradigm shift from a reliance
on post-disaster response to a proactive risk-reduction
approach. This approach requires meteorological, hydrological and climate services to support science-based risk

Through this coordinated approach, and working with its
partners, WMO can address the information needs and
requirements of the disaster risk management community
in an effective and timely fashion.
4 - Build climate resilience through climate services:
Emergency response must be further complemented by

Curt Carnemark / World Bank

management decisions, these in turn require investments
in multi-hazard early warning systems. Through its crosscutting programme on disaster risk reduction services,
WMO is developing an organization-wide coordination
framework to support risk analysis, early warning systems,
planning for different economic sectors and risk transfer
financing at the international, regional and national levels.

WMO Costal Inundation Forecasting
Demonstration Project (CIFDP)
Coastal inundation is an increasing threat to the lives
and livelihoods of people living in low-lying, highly
populated coastal areas. The management of such
risk represents a great challenge to scientists and
policy-makers in the areas of meteorology, hydrology, oceanography, emergency management and
coastal planning. The WMO Coastal Inundation
Forecasting Demonstration Project (CIFDP) was
established in 2009 to facilitate the development of
efficient warning systems to protect communities
from coastal inundation in disaster-prone countries.
It aims to build improved operational forecasts and
warnings capability for coastal inundation that can
be sustained by the national agencies, including the
NMHSs of WMO Members. Training and technology
transfer are critical capacity development components of this project.
The focus of CIFDP is on reducing vulnerability
by improving operational forecasts and warning
capability on probable risk and impacts of coastal
inundation, caused by single or multiple hazards,
including storm surge, astronomical tides, waves,
riverine flooding and sea surface elevation anomalies.

CIFDP is implemented through a series of subprojects, based on users’ requirements and operated/maintained by national operational agencies
with the responsibility for coastal inundation warnings. At present, four CIFDP sub-projects are being
implemented in Bangladesh, Fiji, Indonesia and
the Caribbean region. Upon completion of national
sub-projects of CIFDP, countries will implement an
operational system for integrated coastal inundation forecasting and warning, providing objective
basis for coastal disaster (flooding) management;
contributing to saving lives, reducing loss of livelihood and property, and enhancing resilience and
sustainability in coastal communities.
By aligning CIFDP with other WMO initiatives such,
as the highly successful Severe Weather Forecasting
Demonstration Project (SWFDP) (with its cascading
process) and Flash Flood Forecast Guidance System
(FFGS), WMO will facilitate the implementation of
multi-hazards early warning systems by NMHSs. This
is a significant contribution to disaster risk reduction.
The SWFDP cascading process puts high-value
information from global and regional meteorological centres in the hands of meteorologists in least
developed countries and small island developing
states, allowing them to provide timely and accurate
forecasts and warnings of meteorological hazards.
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WMO is expanding on scientific advances to increase the
availability and accuracy of user-friendly climate services
to help countries and communities, especially the most
vulnerable, adapt to climate variability and climate change
through the Global Framework for Climate Services (GFCS).
The GFCS is being implemented by governments with

Costa Rica – Working with Partners on Early
Warning Systems
In Costa Rica, the Sarapiqui River and several of its
tributaries have a long history of recurrent overflows,
generally related to the intensity of the rainy season in
the Northern Caribbean. Many of the communities are
exposed to the river flooding. The growing population
in the flood prone region is exacerbating the overall
vulnerability of the community in the affected areas.
The 6.2 magnitude earthquake of 8 January 2009 in the
Cinchona area had an important impact on the landscape
and hydrological variability in the Sarapiqui basin. The
earthquake and associated landslides increased the
risk in the basin by changing the drainage patterns,
there are new risk areas for flash floods, mudslides
and fallen trees in the riverbed. The regular behaviour
of the river was also changed by the accumulation of
sediments from landslides that raised the level of the
riverbed. It was necessary to identify the new risks and
to support the organization of the communities in the
areas of potential impact.
WMO, the National Meteorological Institute (IMN), the
National Commission of Risk Prevention and Emergency
Response (CNE) and the Instituto Costarricense de
Electricidad (ICE) combined efforts to develop an early
warning system for the Sarapiqui basin and to strengthen
local capacities for the prevention and response of these
hazards. The Costa Rica Early Warning System for
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support from WMO and its partners within and outside the
United Nations system. It targets disaster risk reduction
as one of its top priorities. Weather and climate services
will need to provide increasingly long-term forecasts to
inform long-term investments and strategic planning for
climate resilience. For instance, for managing coastal zones,
which face many natural hazards, climate services can
support the development of new building codes and the
retrofitting of infrastructure to withstand more frequent
and severe hazards.
5 - Strengthen networking and partnerships: By partnering with others – academia, government departments,
international and non-governmental organizations, the
media, private sector and civil society – NMHSs help society
as a whole to make better decisions based on complete,
accurate and reliable weather, water, and climate information. These partnerships result in better data coverage,
information processing and high-resolution models as
well as more precise and useful specialized products.
NMHSs encourage these partnerships by adopting open
data policies that make real-time access to their information easy, useful and low cost.
Hydrometeorological Hazards Project was funded by
the World Bank Global Facility for Disaster Risk Reduction (GFDRR).
Launched in early in 2012, the Project was completed
by May 2013. It led to unprecedented coordination and
cooperation among the three national agencies, IMN,
ICE and CNE, at national level and with over 50 Sarapiqui River basin communities. A simulation exercise
drew over 800 participants – some 500 volunteered to
participate in an evacuation exercise coordinated by
CNE, the police, the Red Cross and local authorities.

Gerardo Quirós Cuadra

efforts to build climate resilience and disaster prevention.
This means looking beyond the next flood or storm to
understand long-term climate vulnerabilities. It means
helping society to prepare for and adapt to future weather
extremes and other climate impacts. The emergence of
climate services provides opportunities to increase the
lead times of certain hazard warnings. For instance, seasonal climate outlooks help governments and the farming
community to manage excessive or insufficient rainfall.
Sophisticated climate services combine climate predictions with information from key sectors such as health
and urban planning to inform decisions on disaster risk
reduction and other priorities. For example, scenarios of
future sea-level rise and storm patterns combined with
population trends can shape long-term investments in
coastal development.

Community Emergency Committee members in Sarapiqui
discuss emergency situations during an exercise drill while
evaluators assess their decision-making skills

•

up-scaling and accelerating implementation of multihazard early warning systems and services;

•

measuring progress in the number of people, including
vulnerable people, with access to early warning and
risk information;

•

facilitating the consolidation of case studies and lessons learned, the exchange of experiences among
regions, countries, cities and local communities and
the analysis of emerging related issues;

•

building on the paradigm shift underway in national
or local agencies such as National Meteorological and
Hydrological Services:

•

•

to advance from their current status as providers of forecasts and early warnings to
being providers of impact-based forecasts
and risk-informed warnings;

•

to play a major role in all aspects of disaster
risk management to better support disaster
management agencies and local communities; and

•

to provide better risk-based decision-support
services;

Wu Zhiyi/World Bank

WMO, in collaboration with other UN agencies, governments and other major groups, such as the International
Federation of the Red Cross and Red Crescent Societies,
is proposing the establishment of a global networking
partnership to provide advisory support to government
agencies on strengthening multi-hazard early warning
systems and services and implementing the priorities for
action of the post-2015 framework for disaster risk reduction. In particular, this support will focus on:

Disaster Risk Preparedness in Shanghai
Shanghai, a megacity of over 23 million people, has
established one of the first multi-hazard early warning
systems to deliver alerts on cyclones, storms surges
and temperature extremes as well as resulting impacts
such as floods, diseases and physical damage. The
system relies on strong political will, a legal framework,
clear authority and roles, standardized operating
procedures, the use of consistent and actionable warnings, and the cooperation of government agencies,
communities and vulnerable sectors. Ultimately, good
governance is one of the keys to successful disaster
risk reduction.

strengthening partnerships of (national) technical
agencies (providing data on hydro-meteorological,
geophysical and other hazards) with relevant disaster
management organizations.

International cooperation and partnerships at global,
regional and national levels are necessary to ensure the
interoperability of multi-hazard early warning systems, the
development and transfer of technologies and the exchange
of knowledge and data. Also important is effective coordination and leveraging of government investments and risk
financing strategies with international development, and
climate-related, funding. Key areas for this are institutional
and infrastructural capacity building, hazard-risk analysis
and climate information systems.
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Interview: Qing-Cun Zeng

By WMO Secretariat1

Qing-Cun Zeng, a famous academic meteorologist, is
a pioneer of numerical weather prediction, dynamic
climate prediction and remote sensing theory for
meteorological satellites. His semi-implicit (1961) and
quadratic (1981) schemes as well as his inversion variation method (1974) are still widely applied to theoretical
and practical studies in meteorology and geophysical
fluid dynamics. Through his active involvement in the
study of global climate and environmental change,
he has contributed to advancements in the study of
meteorological hazards and related disaster risk reduction. He has received many honours and awards,
including an Honorary Membership to the American
Meteorological Society (2014), Membership in the
International Euro-Asian Academy of Sciences (1996),
a Fellowship at the Academy of Developing Countries
(TWAS) (1995), Foreign Membership in the Russian
Academy of Sciences (1994), and academician of the
Chinese Academy of Sciences (1980). 1
This Bulletin interview highlights in particular his scientific contributions to disaster risk reduction.
Q1: Why did you choose meteorology as a career?
A: My motivation to become a meteorologist is closely
related to my childhood experience and to seeing my
fellow Chinese countrymen suffer due to meteorological hazards for which they were unprepared. I was born
into a peasant family and grew up in the countryside,
where I joined in agricultural fieldwork and personally
experienced the strong impact of climate and weather
on agriculture and individuals.
While I was studying in the Peking University Physics
Department, from 1952 to 1956, there were several
extreme meteorological events that destroyed harvests
1

Sylvie Castonguay, Editor, Communications and Public Affairs, WMO
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and hurt China’s economy. There was an urgent need to
develop meteorological services and the related scientific research. Encouraged by my professors, I chose to
study “atmospheric physics” – meteorology or atmospheric science – in order to make a valuable contribution
by serving the public.
This was 60 years ago. Weather and climate predictions
were based on observations and personal experiences.
The idea of applying physical-mathematical thinking to
enhance the accuracy of weather predictions appealed
to me, so I decided to choose numerical weather prediction for my graduate study in what was then the Union
of Soviet Socialist Republics (USSR).
My dissertation “Application of baroclinic primitive
equations to short range weather prediction” was
published in Russian (1961) and Chinese (1963). My
method and numeric computation scheme – the semiimplicit scheme – have been applied in operational
predictions in the Moscow World Meteorological Centre
since 1963. Such primitive equations offer the dynamic
framework for today’s short and medium range numerical weather prediction. At that time, one could only
make regional predictions 24 hours in advance.
Q2: How did your research develop over the years?
A: When I returned to Beijing in the early 1960s, I had to
go back to empirical and statistical predictions as no big
computers were available. In my free time, I continued
my research. My goal was to extend weather prediction from 24 hours to several days and to monthly and
seasonal climate prediction – even more important
for disaster reduction. Instead of directly addressing
global numerical predictions of weather and climate, I
decided to address the relevant and fundamental physical-mathematical problems both in the differential and
finite-difference formulations as well as some general

features relating to the laws of motion of rotating fluids
due to gravity.
The most valuable results of my research – relating to
the internal consistency of atmospheric and coupled
models, the proper formulation of boundary conditions, the subtraction of standard stratification, the
introduction of available energy and its conservation,
the introduction of possible approximation for ease
of computation but without violating physical laws –
found application worldwide. They were also later used
in the design of China’s climate system model (CSM)
and Earth system model (ESM). China has carried out
climate prediction of summer precipitation anomalies
one to two seasons ahead since 1990, using the climate
system model.
In 1982, the World Climate Research Programme (WCRP)
meeting brought global climate change and sustainable development to the fore as hot topics for research
and action, so I got actively involved in those fields too.
I joined the first and second Intergovernmental Panel
on Climate Change (IPCC) Scientific Assessment as one
of the principal authors of the model validation chapter.
Sustainable development is dependent on reliable
prediction of climate variability, risk assessment and
planning activities to mitigate atmospheric and environmental risks.
My research to try to unify prediction and regulation/
controlling of the natural environment also led me to
propose a “natural cybernetics” theoretic framework
that I am eager to see the younger generations develop
in the future.
Q3: Could you tell us about your work in remote satellite sensing and how that has contributed to disaster
risk reduction?
A: China’s research into satellite meteorology started in
the 1970s with theoretical investigations of problems
related to remote sensing as well as to wider, practical
applications. It launched its first meteorological satellite in 1988 and now has a family of meteorological
satellites, consisting of two geostationary (FY-2) and
two polar orbital (FY-3) satellites. They are included in
the WMO Global Observing System, and their data are
shared with all WMO Members.
Around 1970, I joined the Chinese meteorological satellite programme investigating some of the fundamental
theoretical problems of remote sensing. I transformed
radiation transfer equations by treating them as remote
sensing equations. By introducing relevant operators,
various remote sensing methods and components–
such as temperature, trace atmospheric gases, aerosols

and other atmospheric characteristics–can be harmonized in a unified theoretical framework, and their
different characteristics explored. Thus, we discovered
that remote satellite sensing of water vapour and trace
atmospheric gases in the lower levels of the troposphere may be unreliable, even impossible, but reliable
and valuable in the upper levels. These theoretical
results influenced the design of China’s meteorological satellites and have been confirmed by application
around the world.
Infrared channels for the remote sensing of water
vapour content in the upper levels of the troposphere
can provide very clear pictures of typhoons, heavy rain,
etc. They can also monitor weather-related geological
and hydrological disasters such as mud or rock slides,
flooding, etc. These are helpful in predicting, monitoring and assessing losses from such disasters, hence
they are popularly used by Chinese provincial and
regional meteorologists to provide government decision-makers with disaster risk alerts that are particularly
appreciated by the population. For example, the FY-2
remote sensing water vapour channels permitted meteorologists to accurately forecast the landing time and
location of super typhoon Rammasun (2014) 24 hours
in advance. The typhoon landed within 77 km and 30
minutes of the prediction.
FY-3’s visible and infrared channels provide clear
pictures of dust storms and sand-dust content in the
atmosphere. I was among the Chinese meteorologists
who developed an operational system for dust storm
monitoring using remote satellite sensing, ground
based sensing and conventional observations; for
predictions using numerical weather prediction; for
disaster assessment based on remote sensing images
and in situ observing reports; and for related disaster
risk reduction policies.
Q4: In your view, what further development of numerical weather prediction is required for disaster risk
reduction related to weather and climate hazards?
A: The challenge is to predict extreme weather systems
and associated disasters. But progress is not only
dependent on improving model resolution. Many of
the dynamic, physical and chemical processes that
lead to disasters are not yet well understood. More
advanced observations and more theoretical investigations are needed to understand them fully and make
the model improvement required. Proper methods for
assimilating such data also need to be developed. For
example, radar data cannot yield a complete spectrum
of cloud microphysical properties, so for their inclusion
in numerical prediction models some hypothesis or
semi-empirical laws have to be introduced.
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These points are relevant primarily to weather prediction. As to the disasters themselves, we should develop
models for predicting their evolutionary process and for
risk assessment. Mitigation activities for risk reduction
and the resulting benefits should also be quantitatively
modelled.
If a disaster event has no effect on atmospheric motions,
one can make a weather prediction, then run disaster
risk models. However, in some cases, disasters do
interact with atmospheric motions and coupled models
have to be used. This falls into the field of natural cybernetics, which I mentioned earlier.
Q5: Then what is “natural cybernetics”? How can it be
applied to the disaster risk reduction?
A: Natural cybernetics was proposed to investigate the
self-controlling and artificial regulation/controlling of
the natural environment, including the atmosphere.
Natural cybernetics differs from engineering cybernetics in that the characteristics of the subject under
control and its environment are both variable and
unknown, hence need to be predicted and cannot be
treated separately. The natural cybernetics theoretical framework I proposed tries to combine and unify
prediction and regulation as a coupled problem of
system engineering. My proposal is that massive realtime observational data and practical experiments, as
well as the planning and real-time regulation of operations, be treated and solved by mathematical models
and computations.
Preliminary applications of this framework – in the
pollution and air quality regulation, weather modification, the control of silt sedimentation and irrigation
– have been successful. Earth system models could
permit natural cybernetics to be used to investigate
local or regional climate related problems such as afforestation or deforestation.
Natural cybernetics can be applied to manage meteorological hazards, which is essentially a problem of
cybernetics. As I mentioned, if there is mutual interaction between a disaster and atmospheric motion (for
example, a large scale forest fire can influence wind,
temperature and atmospheric convection), one has to
use the coupled models to find the optimum or acceptable human activity to reduce the loss.

seriously impact agriculture, food production, fresh
water supply, the availability of some industrial materials – all aspects of human life. Monsoon systems are
related to typhoons, cold surges, flooding and drought,
which can result in disasters that lead to losses of life
and property. Thus, the prediction of monsoon variability – the onset and retreat dates, the strength and
precipitation amount – is very important and a big
challenge.
More than half of the territory of China is located in
or directly influenced by the Asian-Australia monsoon
system, the biggest and strongest monsoon system in
the world. Chinese meteorologists pay special attention
to the predictions of monsoon variability – from shortterm climate prediction to decadal variability prediction
– and to related extreme weather predictions. They use
dynamic climate models, statistical models and empirical models and also learn from the experience of local
people. These provide satisfactory results, but every
effort must be made to improve them.
Q7: You are one of the organizers of the joint Chinese
Academy of Sciences/The World Academy of Sciences/
WMO Forum on Climate Science. Could you tell us
more about the goal and activities of this Forum?
A: The goal of the Forum, set up in 2001, is to stimulate modern climate research in developing countries
through scientific exchanges between developed and
developing countries. Its annual international conferences, workshops and training courses discuss hot
topics in modern climate sciences and very practical
applications. For example, the physio-mathematical
problems related to climate modelling and predictions,
short-range climate prediction, extreme weather and
climate events and their dynamics and predictions,
land surface models and their applications, ocean data
assimilation, operational oceanography for developing
countries, development of dynamical earth system
models, mineral aerosols and their impact on climate
and environment, climate and environment change and
its impact assessment, and lots more.

Q6: How important is the prediction of monsoon variability and related weather and climate hazards in
China?

From 70 to 120 participants come every year from
around the world. Illustrious scientists and experts from
developed countries give lectures. Developing country
scientists give or post presentations on which the more
experienced scientists make suggestions or comments.
Survey results show that the developing country
scientists appreciate these events, while experienced
scientists are also happy to engage in discussions and
interact with scientists from developing countries.

A: More than 60% of the world’s population lives in
monsoon affected zones. Monsoon variability can

Most of financial support for the Forum comes from the
Chinese Academy of Sciences.
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The Weather:
What’s the Outlook?

By Michel Béland1, Alan Thorpe2

From 16 to 21 August 2014, the first World Weather Open
Science Conference (WWOSC-2014) “The weather:
what’s the outlook?” was held in Montreal, Canada. The
WMO, Environment Canada, the International Council
for Science (ICSU) and the National Research Council
of Canada co-organized the event.
As weather science advances, critical questions are
arising about the possible sources of predictability
on weekly, monthly and longer time-scales; seamless
prediction; and the effective use of massively-parallel
supercomputers. The science is primed for a step
forward and is informed by the realization that there
can be predictive power on all space and time-scales
arising from currently poorly-understood sources of
potential predictability. Consequently, the time was
right for a major Open Science Conference to examine
the rapidly changing scientific and socio-economic
drivers of weather science.
The Conference was designed to draw the whole
research community together to review the frontiers of
Past-President of the WMO Commission for Atmospheric Sciences and
Co-Chair of the WWOSC International Organizing Committee
1

Director-General of the European Centre for Medium-Range Weather
Forecasts (ECMWF) and Co-Chair of the WWOSC International
Organizing Committee
2

knowledge and to act as an international stimulus for
the science and its future. Hence WWOSC-2014 considered the current state-of-the-art and the future evolution
of weather science, as well as related environmental
services, and how these need to be supported by
research. It was particularly exciting to bring together
the international community – including those starting
out in science and those with longer experience – to
review progress and set the long-term agenda. There
has never been a more important time for weather
science, which is poised for great breakthroughs.
Society is extremely vulnerable to weather-related
impacts, and it desperately needs those breakthroughs.

Jacques Lavigne/Amethyste Communications

New sources of atmospheric observations, faster
supercomputers and advances in science together
revolutionized weather forecasting in the latter part
of the 20th century. On the global scale, we can today
predict up to five days ahead as accurately as we could
do for three days 20 years ago. This means society has
much more advance warning of weather hazards than
before, permitting people to prepare and, thereby, limit
the loss of lives and property. Expectations are high for
even greater advances in the years to come. 1 2

Mel Shapiro (right), keynote speaker at the World Weather
Open Science Conference opening ceremony with Alan
Thorpe (left)
The first objective of WWOSC-2014 was to review the
state of knowledge in weather and weather-prediction
science and thereby create a roadmap for the legacy
of The Observing System Research and Predictability
Experiment (THORPEX), a 10-year programme coordinated by WMO, which ended in 2014. This will also
enable an update of the World Weather Research
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Programme strategic plan (see The World Weather
Research Programme: a 10-year vision on page 16).

Radio-Canada interviews WMO Secretary-General, Michel
Jarraud

Social Sciences. The role of the programme organizers
– Gilbert Brunet, Sarah Jones, and Brian Mills – was
substantial; they contributed hugely to the success of
the conference. The science presented ranged from the
basic research that extends knowledge of processes
and methods to the applied research required to
put the prediction system together and assess the
impacts of weather and climate events. The Science
programme had five themes: Data assimilation and
observations; Predictability and dynamical/physical/
chemical processes; Interactions between sub-systems;
Prediction of the Earth system: putting it all together;
and Impacts of weather and climate events. The Social
Science programme had four session categories on:
The goods and services economy; Government organizations and functions; Disaster risk reduction and
management; and Communication of weather information through broadcast, print or social media.

Jacques Lavigne/Amethyste Communications

Jacques Lavigne/Amethyste Communications

The second objective was to explore the many applications of weather prediction to the natural environment.
The Earth System Prediction approach for weather
and environmental phenomena is seen as an effective
way to better address the socio-economic demands for
weather services.

Vincent Champagne from SRS Radio-Canada interviews
Gilbert Brunet

Alex Boissonneault from SRC Radio-Canada
The third objective was to encourage a new generation of research scientists who can contribute to new
and advanced Earth system prediction models (see
Early Career Scientists in Bulletin 63(2) – 2014). The
final was to raise the visibility and importance of strong
and vibrant world-weather science research that is in
harmony with the needs of operational weather services
and their public and the private sector stakeholders.
The overarching theme of WWOSC-2014 was “Seamless
Prediction of the Earth System: from minutes to
months.” The Conference was structured around two
programmes: Science and User, and Application and
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The Conference attracted over 1 000 public and privatesector meteorologists, forecasters, social scientists and
application developers from over 50 countries around
the globe, making it a resounding success. Another
measure of that success was the media coverage
received. During the event, media representatives from
9 countries conducted 90 interviews on a host of conference topics.

Toward further breakthroughs
Conference speakers, panellists and the audience
discussed the feasibility of achieving major breakthroughs in weather science at the same pace as in the
last 20 to 30 years. They investigated diverse scenarios
for the development of weather applications in various
fields, focusing most often on the prediction of extreme
weather hazards.

The scientific goal of achieving seamless predictions
– a common core (or integrated) modelling system
for all weather applications at short and long time
scales, from a few minutes to weeks, month and years
ahead – received strong support from all participants.
The integration of weather and climate, between the
science and users and between nations on observing
the atmosphere, is an important objective for the next
decade. The Conference more specifically explored the
integration of weather with hydrology for flood forecasting and weather with atmospheric chemistry for air
quality forecasting.
Three plenary panel discussions focused on increasing
the collaboration between the government, academia,
the private sector and professional associations on The
Future of the Weather Enterprise. The article on page
14 provides highlights of the sessions, which were so
well received that the American Meteorological Society
planned a similar event for its next meeting.

Moving towards Earth System Modelling
Society is hugely vulnerable to weather events.
Weather science and forecasts help save lives, reduce
damage and provide economic opportunities. The
next generation of weather scientists and practitioners
– early career scientists – are eager to move weather
forecasting skill forward. They actively took part in the
conference and discussed the possibility of forming an

How to structure seamless prediction?

The United Kingdom of Great Britain and Northern
Ireland offers an excellent example: the world-class
weather forecasting and climate prediction of the
Met Office have once source. And the Met Office
is integrating more and more of its weather and
climate research.

association for young weather, climate and environment scientist dedicated to working together to hone
the application of weather sciences.
At the end of this Conference, it seems apparent that
over the next 20 years, forecasters are likely to move
towards Earth system modelling. Today’s seamless
weather forecasts and climate predictions could evolve
towards seamless weather-climate-impacts forecasting. Highly sophisticated models will incorporate
more and more of the Earth system’s components and
processes. In addition to the atmosphere and oceans,
they will integrate increasingly accurate information
on topography, land-use change, vegetation, rivers,
lakes, clouds and socio-economic trends to provide
user-specific decision-support services that will touch
almost every part of our lives.
One important legacy of the Conference will be a
peer-reviewed publication that will encompass the
results of the discussions and presentations from both
programmes. It is also expected that some of these
results will be the subject of a communication to the
World Meteorological Congress in May/June 2015.

How? By bringing together all research and development under a single Director of Science, by forming a
new directorate in Foundation Science and by establishing a programme for joint innovative activities.
“This new directorate, called Foundation Science,
underpins everything we do between weather and
climate,” said Julia Slingo, the Met Office Chief
Scientist responsible for scientific research and
development.
In the past, the separation between weather forecasting and climate prediction was understandable, but
that is less and less the case. Increasingly hazardous
weather is one of the most profound impacts of
climate variability and change. In addition, there is
greater interest in sub-seasonal to decadal forecasts
among decision-makers. Thus,
there is a clear need for a more
seamless approach to modelling and prediction. Julia Slingo
addressed the World Weather
Open Science on the topic, you
can see her presentation at:
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The Future of the Weather
Enterprise

By Jack Hayes1, Harinder Ahluwalia2 and Jim Abraham3

At a time when the impacts of weather and climate are
still growing dramatically, it is important to look for
strategies to strengthen the science and technology
that have resulted in substantial improvements in the
skill of weather predictions and services over the past
four decades. It was not that long ago – when many
baby-boomers were just entering the workforce – that
accurate, reliable forecasts did not extend beyond 24
hours. Today, high-quality 5 to 7 day forecasts are the
norm. This improvement has resulted in lives being
saved and avoidable damage and economic impacts
being averted. But much more needs to be done to
achieve the full potential societal benefits that can be
realized from the products and services provided by the
Weather Enterprise. 1 2 3
The World Weather Open Science Conference (WWOSC2014) included a Special Session on The Future of the
Weather Enterprise, aimed at advancing discussion
on the collaboration between the private, public and
academic sectors that compose the Weather Enterprise.
WMO Deputy Secretary-General Jerry Lengoasa
participated in one of the panels, which he noted
“embraced not only the science and the technical
community, but also the end user community.” He
viewed the outcomes as “important in doing two
things: First, in informing priority-setting for WMO
programmes going forward; and, second, in providing
a focus for building new partnerships and on strengthening existing ones.”

VP, Senior Executive Account Manager, Weather Products and Services,
GCSD, Harris Corporation
1

President and Chief Executive Officer, Info-Electronics Systems Inc,
President, Canadian Meteorological and Oceanographic Society (CMOS)
2

Retired, Environment Canada, Senior Manager, Weather Monitoring
and Weather Research
3
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An unprecedented conversation
Three separate panels were conducted – the first two
explored the important issues and challenges and the
final panel was oriented towards finding solutions.
Panellists included recognized leaders from the global
weather community. The topics stimulated dynamic
discussions among participants, including members
of the audience. A number of common elements were
raised which will require serious consideration by all
components of the Weather Enterprise.

Panel 1 - Weather Services Infrastructure: Sustaining
what we have and building for tomorrow - Infrastructure
was defined as anything necessary to design, develop
and deliver products and services such as weather and
climate observations, models and numerical weather
predictions, and applications for specific customer
decision-making needs. It also includes the underlying information technologies (data processing,
visualization, communications) as well as the education, training and management of people – weather

service providers, research and development scientists
and, especially, clients and users.
Panel 2 - Weather Services: Present Status, Trends, and
Innovations - Weather services were defined as the
research and development, production, delivery and
evaluation of weather, water and climate information
and knowledge to support customer decision-making.
Customers were broadly defined to include governmental, non-governmental, public, industrial and
academic agencies, organizations and enterprises.
Panel 3 - Enhancing Weather Community Collaboration
to Meet Shared Goals for the Weather Enterprise:
Strategies to advance dialogue on the collaboration of
private, public and academic elements of the Weather
Enterprise and next steps that would start the weather
community down this path.

Weather Enterprise panel

Collaborating for societal benefit
At the outset, there was an implicit understanding
that the Weather Enterprise comprised the public,
private and academic sectors. However, panellists
made a point of recognizing contributions from nongovernmental organizations such as the scientific and
professional societies that can act as intermediaries
between the three traditional sectors. Tom Bogdan, the
President of the University Corporation for Atmospheric
Research (UCAR), reinforced this, “We have not-forprofit foundations that are also playing a very large
part in our world … these four groups need to start to
come together and actually work as a team because
they are seeing their business model changing, they
are seeing their customer base changing, and they are
seeing their global impact changing.” Furthermore,
the panels agreed on the benefit of having users of the
information produced by the operational components
of the Weather Enterprise at the table, given their role
in ensuring the societal benefits of weather, water and
climate services.

the Indian Meteorological Department added, “A caveat
is that this Weather Enterprise consists of countries
which are at different stages of economic, social, political and scientific development, and, therefore, are not
homogeneous.” The panellists recognized that WMO
could play an important role in strengthening international integration of the Weather Enterprise through,
for example, its capacity building activities.
There was also common accord on how international
collaboration can allay the rising costs of the infrastructure required for a healthy Weather Enterprise such
as space-based satellite observing systems and highperformance computing. In fact, relationships need to
be strengthened between partners who are well positioned to assist the Weather Enterprise in achieving its
objectives. David Kenney, the Chief Executive Officer
of the Weather Company, shared his passion: “I am
just so excited about our investments in the science
and our ability to reduce error, so more people can take
action and make better decisions.” He recommended
strengthening the relationship between the Weather
Enterprise and Silicon Valley in order to take advantage of their expertise in making Big Data available via
mobile technology. “Everything that’s happening today
in Silicon Valley is Big Data,” he stated.
Indeed, the availability of data was an important part of the discussion on all three panels,
with many of the participants promoting the benefits of an “Open Data” policy. Kristin Lyng from the
Norwegian Meteorological Institute challenged the
group to broaden access to meteorological data. “If
the National Institutes are to have a role in the future
Weather Enterprise, we should do our job … and we
should make data and services open and available.”
Bob Marshall, CEO of Earth Networks, reinforced the
benefits of public/private partnerships and how they
can accelerate the availability of critical weather observations, “I think we have a great opportunity ahead.”
Jack Hayes, the Chair of the committee that planned the
Special Session, thanked all of the participants for their
commitment and leadership, adding, “I was moved by
the presentations and the collective sense of purpose –
to better the fate of society in our lifetime, and future
lifetimes.”
The outcome of the Special Session, A White Paper
on Future Challenges and Opportunities, currently
in preparation, will serve as an important supporting
document for further discussions at the upcoming
World Meteorological Congress.

During the discussions, it was clear that developing
nations and, in particular, least developed countries
continue to require significant attention. Ajit Tyagi from
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The World Weather Research
Programme: A 10-year Vision

By Gilbert Brunet1, Thomas Jung2, Neil Gordon3,
Frédéric Vitart4, Andrew Robertson5, Brian Golding6,
Sarah Jones7, Helge Goessling8 and WMO Secretariat9

Weather prediction has achieved immense progress,
driven by research and increasingly sophisticated
telecommunication, information technology and observational infrastructure. Predictive skill now extends in
some cases beyond 10 days, with an increasing capability to give early warning of severe weather events
many days ahead. Ensemble methods now routinely
provide essential information on the probability of
specific events, a key input in numerous decisionmaking systems. Partly because of these advances, the
needs of the users of weather services have simultaneously diversified to encompass “environmental”
prediction products such as air quality and hydrological predictions. 1 2 3 4 5
It is the research and technical developments carried
out in operational centres and academic institutions, by
surface and space-based observational data providers,
and in the computing industry, that have made these
advancements possible. Over recent decades a number
of major international research programmes have
been critical in fostering the necessary collaboration. In particular, the WMO World Weather Research
Programme (WWRP) and The Observing System
Research and Predictability Experiment (THORPEX,

Deputy Director, Weather Science, MetOffice, United Kingdom of Great
Britain and Northern Ireland (UK)
1

Chair, Polar Prediction Project; Expert member, WMO Executive
Council Panel of Experts on Polar Observations, Research and Services;
and Alfred Wegener Institute, Helmholtz Centre for Polar and Marine
Research, Germany
2

3

Consultant, Polar Prediction Project, New Zealand

which ran from 2005-2014), have been major initiatives
to accelerate this progress.
Informed by the realization that there can be predictive
power on all space and time-scales arising from what
are currently poorly-understood sources of potential
predictability, meteorological science is now primed for
a step forward. 6 7 8 9
In this context, the Earth system – and environmental
prediction – encompasses the atmosphere and its
chemical composition, the oceans, the sea-ice and
other cryosphere components and the land-surface,
including surface hydrology, wetlands, and lakes. The
relevant parts of the system also include the short
time-scale phenomena that result from the interaction between one or more components such as severe
storms, floods, heat waves, smog episodes, ocean
waves and storm surges. On longer – beyond seasonal
– time scales, the terrestrial and ocean ecosystems
including the carbon and nitrogen cycles and slowly
varying cryosphere components, such as the large
continental ice sheets and permafrost, are also part of
the Earth system; these time scales, however, are the
subject of the World Climate Research Programme
(WCRP) with which WWRP strongly interacts.
WWRP, working in partnership with others, will ensure
the implementation of a research strategy for the seamless prediction of the Earth system from minutes to
months. Three THORPEX legacy projects will be the
pillars of this strategy in the next 10 years:
6

Head of Climate Group, International Research Institute for Climate
and Society (IRI), Earth Institute, Columbia University, United States of
America (USA)

8
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5
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•

the WWRP Polar Prediction Project, which aims
to promote cooperative international research
enabling the development of improved weather
and environmental prediction services for the polar
regions on time scales from hours to seasonal;

•

the Subseasonal to Seasonal Prediction Initiative,
a joint WWRP/WCRP project, aims to improve forecast skill and enhance knowledge of processes on
the subseasonal to seasonal timescale with a focus
on the risk of extreme weather, including tropical
cyclones, droughts, floods, heat waves and the
waxing and waning of monsoon precipitation; and

•

the High Impact Weather (HIWeather) project for
promoting cooperative international research
to achieve a dramatic increase in resilience to
high-impact weather worldwide by improving
forecasts for timescales of minutes to two weeks
and enhancing their communication and utility in
social, economic and environmental applications.

In order to meet a rapidly growing demand for skilful
and reliable predictions in polar regions and beyond,
the following eight key research goals have been
identified:
•

improve the understanding of the requirements for,
and evaluate the benefits of, enhanced prediction
information and services in polar regions;

•

establish and apply verification methods appropriate for polar regions;

•

provide guidance on optimizing polar observing
systems and coordinate additional observations to
support modelling and verification;

•

improve representation of key processes in
models of the polar atmosphere, land, ocean and
cryosphere;

•

develop data assimilation systems that account for
the unique characteristics of polar regions;

•

develop and exploit ensemble prediction systems
with appropriate representation of initial conditions
and model uncertainty for polar regions;

•

determine predictability and identify key sources of
forecast errors in polar regions; and

•

improve knowledge of two-way linkages between
polar and lower latitudes and their implications for
global prediction.

The Polar Prediction Project
There has been a growing interest in the polar regions
in recent years, fuelled by concerns about the amplification of anthropogenic climate change and the fact that
they represent one of the planet’s last major geographic
frontiers of natural resource discovery and development. Technological and engineering advances over
the past 40 years – especially in the areas of telecommunications, transportation and industrial processes
– coupled with escalating global market demands for
raw materials like oil, natural gas, and minerals, have
drawn considerable investment, research and development, migration (in some areas), and political interest
to the polar territories.
Recognising this, the 2011 World Meteorological
Congress decided to embark on a decadal endeavour:
the development of a Global Integrated Polar Prediction
System (GIPPS). Delivering GIPPS will require research
to improve understanding of, for example, polar clouds,
sea-ice/ocean dynamics, permafrost and ice-sheet
dynamics. It will enhance our knowledge of polar-lower
latitude linkages, optimize the polar observing system,
develop data assimilation systems, enhance modelling
systems and advance ensemble prediction components
in order to improve predictions across a wide range of
time scales.
Two closely related initiatives, the WWRP Polar
Prediction Project and the WCRP Polar Climate
Predictability Initiative (PCPI), aim to contribute to
GIPPS.

Achieving the above goals will demand enhanced
international and interdisciplinary collaboration
through the development of strong connections with
related initiatives; strengthened linkages between
academia, research institutions, and operational forecasting centres; greater interaction and communication
between research and stakeholders; and the promotion
of education and outreach. But the expected benefits
will reach beyond the time scales (hours to seasonal)
and regions (Arctic and Antarctic) considered in the
Polar Prediction Project:
•

improvements anticipated in the representation of
key polar processes in (coupled) models, such as
stable boundary layers and sea-ice dynamics, are
expected to reduce systematic errors in climate
model integrations and, hence, help narrow uncertainties of regional and global climate change
projections; and

•

improved environmental predictions in the polar
regions will lead to more precise predictions for
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non-polar regions due to the existence of global
teleconnections.
To exploit the full potential of this truly “seamless” area
of research, it is mandatory to develop and maintain
close ties with the climate research community and part
of the weather prediction community that has traditionally focused on the non-polar regions.
Observations play a cross-cutting role in the context of
a coupled polar prediction system. At a fundamental
level, it is observations that are used to develop a
basic understanding of physical processes that must
be modelled within the ocean-atmosphere-land-waveice system. Observations are needed for initialization/
assimilation and verification of models, and they play a
key role in improving parameterizations and forecasts.
In situ measurements are required to improve various
aspects of satellite retrievals and are the only means of
observing the sub-surface ocean. These statements are
basic truths whether the forecast system is coupled or
un-coupled, polar or global. Therefore, it is important
to focus on issues–modelling, data assimilation, and
ensemble forecasting–particular to the coupled polar
problem.
The Year of Polar Prediction (YOPP), with a core period
from mid-2017 to mid-2019, will be the keystone of a
focused and intensive international effort to obtain
greatly enhanced polar observations and prediction
capabilities. This effort is planned to include one or
more multi-year sea-ice based observing stations (the
planned Multidisciplinary drifting Observatory for the
Study of Arctic Climate (MOSAiC) being one of them),
enhanced deployment of autonomous samplers,
enhanced monitoring from routinely operating polar
ships and coordinated intensive field studies from
research vessels, aircrafts and surface stations. YOPP
will be carried out in close collaboration with PCPI and
other related initiatives. It encompasses four major
elements: an intensive observing period, a complementary intensive modelling and forecasting period,
a period of enhanced monitoring of forecast use in
decision-making, including verification, and a special
educational effort. (For more information see WMO
Bulletin Volume 63 (1) 2014.)

The Subseasonal to Seasonal Prediction
Project
Forecasting for the sub-seasonal time range has so far
received much less attention than medium range and
seasonal prediction as it has long been considered a
“predictability desert.” Recent research has indicated
important potential sources of predictability through
better representation of atmospheric phenomena
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such as the Madden-Julian Oscillation and improved
coupling with, and initialization of, the land-ocean-cryosphere and stratosphere.
From the end-user perspective, the sub-seasonal to
seasonal time range is a very important one as many
management decisions in agriculture and food security,
water, disaster risk reduction and health fall into this
range. Better understanding of these potential sources
of predictability, together with improvements in
model development, data assimilation and computing
resources, should result in more accurate forecasts.
The sub-seasonal to seasonal prediction initiative will
involve the following:
•

evaluating the potential predictability of subseasonal events, including identifying windows of
opportunity for increased forecast skill with special
emphasis on high-impact weather events;

•

understanding systematic errors and biases in the
sub-seasonal to seasonal forecast range;

•

comparing, verifying and testing multi-model
combinations from these forecasts and quantifying
their uncertainty; and

•

focusing on some specific extreme event case
studies such as the Russian heat wave of 2010, the
floods in Pakistan in 2010 and Australia in 2011 and
the European cold spell of 2012. (For more information see WMO Bulletin Volume 61 (2) 2012.)

The High Impact Weather Project
The potential of advanced weather-related hazard forecasting has been demonstrated – there is clearly a huge
opportunity to protect lives and to benefit communities. The HIWeather vision is to “Promote co-operative
international research to achieve a dramatic increase
in resilience to High Impact Weather worldwide” by
improving forecasts for timescales of minutes to two
weeks and enhancing their communication and utility
in social, economic and environmental applications.
Weather impacts depend both on the severity of the
weather-related hazard and on the vulnerability of those
exposed to it. In order to increase resilience, research
is required to improve the monitoring and prediction of
weather and related hazards, but also to better understand the human impacts and effectively communicate
information to those most vulnerable. The scope of
the project thus integrates work in many physical and
social science disciplines.

HIWeather will focus on reducing mortality, morbidity,
damage and disruption related to five selected hazards:
•

urban floods due to intense rain, out-of-bank river
flows, coastal waves and surge overtopping and
from consequent urban landslides;

•

wildfire and their smoke;

•

extreme local wind and wind blown debris due to
tropical and extra-tropical cyclones, downslope
windstorms and convective storms, including
tornadoes;

•

extreme winter weather – snow, ice and fog – that
impact transport, power and communications infrastructure; and

•

heat and air pollution in megacities.

HIWeather will be delivered through five research
themes:
•

understanding of the processes and predictability of
hazard-related weather systems, focusing on how
weather forecast errors for extreme events could
be reduced, scale interactions, causes of stationarity, the roles of the planetary boundary layer and
land-surface and hazard-specific processes;

•

multi-scale forecasting of hazards, using coupled
numerical weather, ocean, land-surface, ice- and
air-quality modelling, nowcasting, data assimilation and post-processing systems, focusing
on convective-scale observations, data assimilation, parameterization of cloud and land-surface
processes, ensemble prediction and user products
for short-range hazard forecasts;

responses with user-relevant metrics, focusing
on obtaining suitable observations, modelling
information loss through the production chain,
developing verification methods for hazards,
impacts and responses, assessing economic value
and growing research capability.
The themes are supported by eight cross-cutting activities: benefits in operational forecasting; design of
observing strategies; field campaigns and demonstrations; better understanding of the sources of
uncertainty and how uncertainty should be communicated throughout the decision-making chain; knowledge
transfer verification; impact forecasting; data management and archiving.
A Steering Group composed of two co-chairs, representing the physical and social sciences, and a lead
investigator from each of the research themes will
manage the project. A Strategic Advisory Board will
provide oversight by the stakeholder communities:
national meteorological and hydrological services,
disaster reduction, hydrology, health, economic development, forecasting, observations and technology.
Outputs will be integrated in forecast demonstration
projects that will bring together academics, operational
services and end users to evaluate new capabilities in
specific hazard warning environments.

A new era

•

forecasting the human impacts, exposure, vulnerability and risk of hazards to people, buildings,
businesses, infrastructure and environment,
focusing on obtaining observations, sharing
existing methods, representing vulnerability and
increasing expertise in this area of work;

•

communicating hazard forecasts and warnings
to reach vulnerable communities and achieve
responses from risk managers and the public that
increase resilience, focusing on sharing and developing good practice, observing and understanding
reasons for different responses and growing
research capability; and

•

evaluating hazardous weather, impact and risk
forecasts, alerts and warnings and the resulting

We are entering a new era in technological innovation and in the use and integration of different sources
of information for well-being and ability to cope with
multi-hazards. In the next 10 years research activities
in weather science will deliver new predictive tools that
will detail weather conditions to the neighbourhood and
street level, provide early warnings a month ahead and
forecast rainfall for energy companies. A better understanding of small-scale processes and their inherent
predictability should go together with a better comprehension of how weather related information influence
decision-making processes and a better communication strategy.
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Megacities – Refining Models
to Client Environment

By Sergej Zilitinkevich1, Markku Kulmala2, Igor Esau3
and WMO Secretariat4

Fast-growing urbanisation, environmental deterioration and climate change are making individuals,
organisations and businesses more vulnerable to
meteorological and environmental hazards. Modern
life requires detailed knowledge about our immediate
personal environment – the climate and weather as
well as the air, water and soil quality – at work, home or
play, may we be indoors or out.
WMO recognizes that there are “increasing demands
for weather, climate and water products and services,
research and monitoring from an escalating number of
individuals, institutions and governments to support
the challenges presented by a changing climate” and
to inform policy developments and decision-making.
National Meteorological and Hydrological Services and
private sector value-added weather and climate service
providers both need to respond to these growing
demands for more detailed information. The Global
Framework for Climate Services (GFCS) aims to provide
a worldwide mechanism for coordinating actions to
enhance the quality, quantity and application of climate
services. 1 2 3 4
However, an interdisciplinary and inter-sectoral platform is needed to promote further developments
in atmospheric science, to join private and publicsector meteorological and air-quality observations,
and to develop standards for information technology
and telecommunication companies – all for better
Division of Atmospheric Sciences, University of Helsinki; Finnish
Meteorological Institute; University of Nizhny Novgorod; Moscow State
University; Institute of Geography of Russian Academy of Sciences
1

2

Division of Atmospheric Sciences, University of Helsinki

Nansen Environmental and Remote Sensing Centre / Bjerknes Centre
for Climate Research, Bergen, Norway
3

Alexander Baklanov, WMO, Research Department, Atmospheric
Research & Environment Branch
4
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environmental management. Such a platform should
focus on extreme and dangerous weather events, the
high-resolution features of air pollution and local manifestations of climate change.

Air quality can dramatically differ in neighbouring streets:
The urban street canyons in Copenhagen demonstrate
heterogeneity of air pollution (Courtesy of R. Nuterman et al.,
EU project MACC, 2009-2011)

Refining the models
From the scientific standpoint, it is the lower turbulent
atmospheric planetary boundary layer (PBL) directly
affected by interaction with underlying land and water
surfaces that forms our immediate environment. Local
features of PBL are controlled to a large extent by the
properties of the underlying soil, vegetation, buildings
and surface waters – giving the PBL its own physical,
chemical and electromagnetic weather and climate.
Thus, urban, coastal, mountainous, forested and other
complex-terrain PBLs are strongly heterogeneous even
at scales of a few hundred metres or less. For example,
in cities, air quality can dramatically differ in neighbouring streets.

T. Wolf

Shallow boundary layer in Bergen visualized by water haze, winter 2012
The horizontal grid resolution currently achievable in
operational weather prediction and climate services
is limited to a few kilometres; therefore, interactions
between the PBL and the Earth’s surface are characterized by strongly smoothed, grid-averaged vertical
turbulent fluxes of energy, momentum and matter as
shown in the Paris graphic (below). Furthermore, the
resolution of the vertical structure of the atmosphere is
still insufficiently fine to detect the PBL upper boundary,
especially in the case of shallow, stably stratified PBL as
shown in the picture of Bergen (above).

Paris – On 1 x 1 km scale (centre), the NOx emission inventory
show main city transport arteries; the boxes around it show
regional emissions on a scale of 7 x 7 km (Courtesy of H.A.C.
Denier van der Gon, EU project MEGAPOLI, 2008-2011)

pollution in megacities is connected to anthropogenic
impacts and climate change.5
Over the course of time, spatial resolution in operational atmospheric models has been gradually refined
thanks to advancement in global observational network
and computational technology. But in recent years, this
steady progress has faced an obstacle: traditional representation of PBLs and turbulence in models has been
found to be inconsistent with resolutions finer than
the PBL depth. The critical point is that the underlying
conventional theory of turbulence overlooks essential
self-organized motions typical of well-mixed convective PBLs.
This is why, instead of the anticipated improvement,
sub-kilometre resolutions quite often make model
performance worse by triggering artificial large-scale
motions resembling real self-organized motions typical
of well-mixed PBLs but much deeper and wider. This
artefact (inherent to the so-called “grey zone” of downscaling model resolution) is most probably caused by
poor representation of supercritically stratified turbulence in the free atmosphere and confusion between
the free atmosphere and PBL. The point is that supercritically stratified turbulence differs from the usual PBL
turbulence in that it has a dramatically reduced heat
transfer compared to momentum transfer.6 This newly
discovered phenomenon is precisely the reason why
Arneth A., Unger N., Kulmala M., Andreae M.O., 2009: Clean the
air, heat the planet? Science, 326, 672-673. Kulmala, M., et al., 2011:
General overview: European Integrated project on Aerosol Cloud Climate
and Air Quality Interactions (EUCAARI) – integrating aerosol research
from nano to global scales. Atmos. Chem. Phys., 11, 13061–13143.
5

This is a severe drawback, as the finer features of our
immediate environment caused by local emissions
and/or heterogeneities of the landscape remain unresolved. Urban air pollution, resulting from the interplay
between emissions, long-range transport, local mixing
and deposition, is strongly variable and threatening
to life: atmospheric particulate matter alone has been
estimated to kill more than three million people per
year around the world. Research shows that strong air

Zilitinkevich S.S., Hunt J.C.R., Grachev A.A., Esau I.N., Lalas D.P.,
Akylas E., Tombrou M., Fairall C.W., Fernando H.J.S., Baklanov A., Joffre,
S.M., 2006: The influence of large convective eddies on the surface layer
turbulence. Quart. J. Roy. Met. Soc. 132, 1423-1456. Zilitinkevich S.S.,
Elperin T., Kleeorin N., Rogachevskii I., Esau I.N., 2013: A hierarchy of
energy- and flux-budget (EFB) turbulence closure models for stably stratified geophysical flows. Boundary-Layer Meteorol. 146, 341-373.
6
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diurnal variations of temperature are limited to PBL,
why pollutants released from ground sources can be
held for as long as several days within PBL, and why
self-organized structures do not extend beyond PBL.
The representation of atmospheric turbulence, aerosol,
chemical processes and basic features of PBLs, along
with a refinement of horizontal resolution, urgently
needs to be updated in a new generation of weather
and climate models.
But this is not the only issue. The major challenge
is to speed up development of very high resolution
monitoring and forecasting of physical and chemical
weather and climate, beyond the basic, top-down and,
inevitably, slow-progress approach. Refinements in the
nature and representation of our personal environment
could be gained, in particular, through the integration
of high-resolution topical observations with turbulence-resolving simulations such as those now run for
municipalities, for example, in Bergen, Norway.

gardening or agriculture, the energy sector, etc.),
volunteer organizations (e.g. schools, hospitals or
apartment-dwelling communities) and environmental
agencies – especially in megacities.
This prospective scenario, combined with modern
information, modelling and observation technologies,
is challenging, but it will bring opportunities for:
•

improving environmental science and education;

•

industrial development and marketing of instruments for private meteorological and air and water
quality observations;

•

personal environmental services that take into
account both physical and chemical weather and
climate and address human comfort and health
problems; and

•

optimal management of the urban environment.

A bottom-up approach
WMO7 has identified the development of “integrated
urban weather, environment and climate services” as
one of its priorities. A concept based on the integration
of information flows from weather services (with inevitably limited resolution dictated by the grid of regular
observations) and private personal observations
with a required resolution for a specific place could
permit monitoring and forecasting one’s immediate
urban environment. In this way, the usual low-resolution forecasts can be corrected for a specific location,
accounting for the totality of data from personal observations provided by relevant users.
A practical application for this bottom-up approach
is in planning new urban development such as the
Tokyo Metropolitan Area Convection Study for Extreme
Weather Resilient Cities (TOMACS)8; the Shanghai
EXPO-2010 Multi-hazard Early Warning System9; or
Big Moscow10. Trustworthy planning should take into
account all essential megacity-climate feedbacks from
the megacity scale to the personal-environment scale.
There are strong grounds for believing that in the
near future meteorological monitoring by centralized
weather services will be ever more supplemented by
private bottom-up monitoring by individuals, weatherdependent businesses (such as transport, precise
Grimmond S., Xu T., Baklanov A., 2014: Towards integrated urban
weather, environment and climate services. WMO Bulletin 63 (1) 10-14.
7

8

www.mpsep.jp/e/

9

http://mce2.org/wmogurme/projects/shanghai-expo-2010-mhews

10

www.moscowbig.ru/index/0-2
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Heavily polluted megacities are prepared to establish
massive private environmental monitoring; hence there
is rapid growth in the market for instruments for measuring a wide spectrum of parameters. One example, the
life-threatening risks associated with air pollution have
increased sales of instruments that measure outdoor
and indoor air. Bottom-up monitoring is thus already
on track, but harmonization is required between atmospheric and other environmental sciences in order to
advance standards for the makers of observational
instruments and modernize the practices of environmental managers. National Meteorological and
Hydrological Services and WMO are taking the lead in
coordinating these processes. The time is ripe to start a
dialog between the environmental-science community
and the companies producing environmental-observation instruments and services with prospective goal
being to make observations by private customers
consistent with and complementary to the regular
monitoring by weather services.
The recently launched Pan-Eurasian Experiment11
(PEEX), involving the European Union, Russia and
China12, may form the basis of the interdisciplinary and
inter-sectoral platform that is required to move forward
in this area.

11

www.atm.helsinki.fi/peex/

Lappalainen H. et al., 2014: Pan-Eurasian Experiment (PEEX) – A
research initiative meeting the grand challenges of the changing environment of the northern Pan-Eurasian Arctic-boreal areas, 2014: Geography,
Environment and Sustainability 7 (2), 13-48. Geography, Environment &
Sustainability, 7 (2), 13-48.
12

Climate Services Transitioning from CLIPS to
GFCS
By Govindarajalu Srinivasan1, Roberta Boscolo2, Tanja
Cegnar3, Caio Coelho4, Tobias Fuchs5, André Kamga6,
John Kennedy7, Vlidimir Kryjov8, Barbara Tapia9 and
Ryuji Yamada10

In 1995, the World Meteorological Congress established
the Climate Information and Prediction Services (CLIPS)
project “to provide the best possible climate information,
including expectations of future conditions, to improve
economic and social decisions that will reduce risks and
improve economic vitality as well as quality of life.”
Since, CLIPS has strived to increase climate knowledge,
improve operational climate prediction capabilities, and
develop the capacities of National Meteorological and
Hydrological Services (NMHSs) to deliver climate information to meet the needs of stakeholders. 1 2 3 4 5
CLIPS was instrumental in the development of the
concept of Regional Climate Centres (RCCs) and their
formal establishment on a global scale. It also played
a key role in the development of the Regional Climate
Outlook Forums (RCOFs) that now serve as platforms for
generating consensus-based seasonal climate outlooks.
These initiatives, together with the CLIPS training workshops, have helped build capacities for climate services.
The present Global Framework for Climate Services
(GFCS) with a vision “to enable society to better manage
the risks and opportunities arising from climate variability
and change, through the development and incorporation
of science-based climate information and prediction into
planning, policy and practice” carries forward and builds
on the solid foundation laid by CLIPS. So, while acknowledging the significant contributions made by CLIPS, the
2011 World Meteorological Congress endorsed closing
CLIPS by 2015 and assimilating its activities into the
Regional Integrated Multi-Hazard Early Warning System for Africa and
Asia (RIMES)
1

emerging GFCS Climate Services Information System
(CSIS), including relevant linkages with the GFCS User
Interface Platform (UIP) component. 6 7 8 9 10
A WMO Technical Conference (TECO) Climate Services
– Building on CLIPS legacy, held from 30 June to 2 July
2014 at Heidelberg, Germany, discussed the challenges
of transitioning the project into the relevant components
of the GFCS. The Conference was held in conjunction
with the WMO Commission on Climatology (CCl) and the
Joint Scientific Committee of World Climate Research
Programme (WCRP). The conclusions of the discussions
are summarized below.

Climate data management
Good quality data is the bedrock of climate services.
Recognizing this is an important prerequisite for
providing effective climate services. Presentations at the
Conference covered Climate Data Management Systems
(CDMS) challenges and emerging technologies to meet
these challenges. Discussions brought out the need to
facilitate access to quality-controlled and interoperable
datasets with user-friendly interfaces for deriving relevant climate information products and for supporting
new strategies being evolved by WMO Members. The
need for optimizing the use of available climate data
is also recognized within the WCRP Grand Challenges.
Increasing demand for location-specific climate information requires credible climate data at finer resolution.

Climate and Environment Department, African Centre for Meteorological
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Observed data needs to be well organized and accessible
in electronic CDMS. NMHSs worldwide are now implementing such systems. A dedicated CCl Expert Team
has been working on CDMS for storage and management of meteorological datasets. CCI has also been
making efforts to ensure standards and build capacities of NMHSs in the area of data storage. Analysis of a
survey conducted in July 2013 showed that most NMHSs
have computerized climate databases, with about 75% of
them using Relational Database Management Systems.
However, the CDMS were not fully or properly implemented in about 40% of NMHSs. Eighteen percent of
the NMHSs surveyed still used outdated systems and
50% of them required manual intervention to generate
routine reports. Dedicated efforts are needed to put in
place robust climate databases at national levels to
generate quality climatological information. The Bureau
of Meteorology, Australia, has deployed CliDE (Climate
Database for Environment) in 14 Pacific countries as a
part of an ongoing capacity development effort.
Learning from the experience of CLIPS implementation, the quality and homogeneity of climate data must
be ensured in order to provide the best possible climate
information. As quality control features were not built
into data management systems in the past, it is necessary
to ensure that this is a standard feature of present-day
CDMS.11 Systematic biases in such long-series datasets
must be recognized and corrected through homogeneity testing. Changes at station locations, changeover
to automated systems and urban heat island effects are
some factors that influence homogeneity. Data rescue is
a first step for developing regionally and nationally relevant long-term and high-quality climate datasets.
Metadata must also be properly managed as they can help
to detect and interpret data errors. Robust approaches
for dealing with various aspects of homogeneity are
required and NMHSs should be provided with guidance
and tools to archive metadata and ensure homogeneity
of their climate datasets. The consistency of data quality
is pivotal for the monitoring of climate trends.
Strategies to integrate climate data from a wide variety
of sources, including satellite and other remote sensing
platforms, while maintaining homogeneity standards are
important for providing climate data at high resolution.
This will be a real challenge, which some NMHS have
started to address while in the same instances providing
data at one kilometre spatial resolution on an hourly
basis.

Climate monitoring and assessment
Climate monitoring is crucial for assessing the state of
the climate system, climate variability and change. A
comprehensive suite of climate monitoring products will
improve national capacities for providing high-quality
science-based climate services that remain consistent
at different levels. There is a need for synergy between
forecasting and climate monitoring in order to provide
confident climate information and services. A CCl Task
Team aims to provide a list of climate monitoring products – for which guides, standard software tools and
training will be developed – that can be consistently
generated by most NMHSs.
Progress has been made in addressing the challenges
of creating long-term climate datasets. For example, the
International Surface Temperature Initiative (ISTI)12 will
publish verifiable and unrestricted temperature datasets at both monthly and higher – daily and sub-daily
– resolutions. These data will support a suite of monitoring products from hourly to century timescales and
from location specific to the global mean. The first full
version of the ISTI databank, featuring monthly data from
approximately 32 000 stations in over 200 countries, was
recently released. Enhanced contribution of additional
datasets by NMHSs will be very helpful for the success
of this project.
Satellite based generation of climate data has recently
demonstrated considerable progress. For example,
the European Organization for the Exploitation of
Meteorological
Satellites
(EUMETSAT)
Satellite
Application Facility on Climate Monitoring has developed
a sustained capability for comprehensive generation and
provision of climate data Records for the Global Climate
Observing System (GCOS) Essential Climate Variables.

Climate prediction, projection and delivery
mechanisms
CLIPS implemented modern techniques for issuing
seasonal forecasts using operational multi-model
ensemble systems. Currently, efforts are also being
made to integrate empirical and dynamical systems
to improve seasonal forecasts in projects such as the
Euro-Brazilian Initiative for improving South American
seasonal forecasts.13

Thorne, Peter W., and Coauthors, 2011: Guiding the Creation of A
Comprehensive Surface Temperature Resource for Twenty-First-Century
Climate Science. Bull. Amer. Meteor. Soc., 92, ES40–ES47. doi: http://
dx.doi.org/10.1175/2011BAMS3124.1
12

WMO, 2014: Climate Data Management System Specifications,
WMO-No. 1131, pp. 166.
11
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EUROBRISA http://eurobrisa.cptec.inpe.br/

Global long-range climate predictions on seasonal scales
are based on simulations by atmospheric and coupled
atmosphere-ocean general circulation models that
require considerable information technology infrastructure as well as highly skilled human resources. The WMO
Global Producing Centres of long-range forecasts (GPCs)
form the core of the GFCS CSIS. Currently, there are 12
formally designated GPCs under the purview of WMO.
The information they provide is pivotal for minimizing
risks in decision-making. There is urgent need to link
seasonal forecasts to application models as illustrated
in the Brazilian example (below) about dengue outbreak
potential. 14

Dengue probabilistic outlook for Brazil, June 2014: an early
warning model framework driven by real-time seasonal climate
forecasts. Category boundaries defined as 100 cases per 100
000 inhabitants and 300 cases per 100 000 inhabitants. The
greater the colour saturation, the more certain the forecast of a
particular outcome (Source: Lowe et al., 201414 )
Sub-seasonal and seasonal predictions are challenging
tasks as predictability at such time scales is relatively low,
compared to short-range forecasts, because of significant
uncertainties arising from the various climate system
components and their complex interactions. Significant
progress in understanding uncertainties and producing
useful probabilistic forecasts has been achieved through
ensembles of climate predictions from independent
models. This has led to a growing recognition that international exchange of climate prediction information is
essential for improving predictability and of the need for
creation of mechanisms to facilitate such exchange. The
WMO Lead Centre for Long Range-Forecast Multi-Model
Lowe, R., Barcellos, C., Coelho, C. A. S., Bailey, T. C., Coelho, E. G., Jupp,
T., Graham, R., Massa Ramalho, W., Sá Carvalho, M., Stephenson, D. B.,
Rodó, X, (2014). Dengue outlook for the World Cup in Brazil: an early warning
model framework driven by real-time seasonal climate forecasts. Lancet
Infectious Diseases, 14:619-26. doi: 10.1016/S1473-3099(14)70781-9.
14

Ensemble and the WMO Lead Centre for Standard
Verification of Long-Range Forecasts were established
to enhance and facilitate the international exchange
for seasonal prediction data. They enable NMHSs to
generate standardized seasonal forecasts with adequate
verification statistics for ensuring confidence in these
products.
The Global Seasonal Climate Update (GSCU), a new
product being developed by WMO, aims to monitor
the state of the seasonal climate and predict its future
evolution on the global scale, based on products from
GPCs, in order to assist the NMHSs as well as RCCs and
RCOFs. To be in time for RCOFs, GSCU production will
need a six-month integration. The GSCU will be one
of most comprehensive forecast products based on an
ensemble of 13 state-of-the-art operational models. After
the completion of a process of broad-based scoping and
a pilot phase, the GSCU will be ready for operational
production.
Decision-makers need climate information tailored for
specific time frames. Climate projections are important for developing long-term adaptation strategies. It
is important to clearly understand the stakeholder and
end-use context in order to provide climate data relevant
to specific needs. The value added by downscaling is an
ongoing question, particularly in the context of climate
change projections that cannot be verified. Nevertheless,
regional climate models are important tools that need
to be carefully examined and appropriately interpreted
for various decision-making contexts. Efforts like the
WCRP Coordinated Regional Downscaling Experiment
provide the larger ensembles of simulations necessary
for exploring and understanding uncertainties in regional
climate change projections.

User interface for climate adaptation and risk
management
Climate can be viewed as a risk as well as a resource.
An effective interface with users that can deliver climate
information that is clear, precise and relevant is an
important aspect of climate services. Working with stakeholders involves social issues, science and continued
communication–such as online discussions, e-mails,
videoconferences, social-networks and text messages on
cellular networks.
There is currently a movement towards “impact-based
forecasting” that produces “impact variables” relating
directly to stakeholder activities. Impact-based forecasting suites that link climate forecasts to impact
models can be operationalized by scaling up successful
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demonstration projects. The EUPORIAS15 project aims to
develop and deliver a reliable impact prediction system
through five semi-operational prototypes using seasonal
to decadal climate information.

•
•
•

As mentioned at the outset, one of the major components
of CLIPS was the RCOFs. Climate scientists, policymakers and other stakeholders join together during
RCOFs to understand potential impacts of seasonal
climate outlooks on key sectors. RCOFs and RCCs represent successful building blocks for developing climate
services. The infrastructure built by CLIPS at global and
regional level needs to be further strengthened with the
recent advances in science and further modernization of
infrastructure in order to improve climate service quality
and communication.
For optimal decision-making, research outcomes and
climate forecasts information must be interpreted and
translated into useful and usable information, thus RCOFs
include a thematic session focused on decision-making
processes. RCOFs strive to tailor information and bridge
the gap between the scientific community, operational
systems and practical needs. Indeed, climatologists need
to understand a wide spectrum of needs. Training of
NMHS staff is required and infrastructure and networking
or partnerships with other stakeholders are key requirements for a responsive and effective participation of
countries in future RCOF expansion programmes.
The GFCS is expected to provide a vehicle for taking
the progress made at the global and regional levels to
the national levels. National Climate Outlook Forums
(NCOFs), anchored by the NMHSs, provide regular,
systematic and sustained interaction platforms. They
bring together national stakeholders from agriculture
and other sectors sensitive to climate, national partners
agencies, universities, non-governmental organizations,
research institutions, and local and government committees on climate change and development to define
needs and to understand and make best use of climate
information.
Regional and national consultation meetings held by
GFCS have identified the following 10 priorities for operationalizing climate services at national level:
•
•
•

provide a strong institutional anchorage for climate
services;
meet the demand for tailored climate service provision in priority climate-sensitive sectors;
improve communication a for wider distribution of
climate services;

European Provision Of Regional Impacts Assessments on Seasonal and
Decadal Timescales (EUPORIAS) http://www.euporias.eu/
15
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•

•

•
•

diversify communication channels and use innovative broadcast channels;
modernize and increase the density of the national
hydrometeorological observing network;
improve collaborative climate research, towards more
salient end-user driven climate research outputs;
build the capacity of the NHMS and other technical
services to jointly elaborate salient climate products
and services by building on multi-disciplinary knowledge and expertise;
develop and strengthen the capacity of stakeholders
to engage in the production and use of climate
services;
define sustainable frameworks for climate services at
the national level; and
engage all national stakeholders involved in the
production, interpretation, communication and use
of climate services in a national dialogue around
climate service provision in order to identify country
needs and chart a course for the provision of usertailored climate services.

Capacity development issues
CCl is developing a toolkit to help NMHSs provide climate
services while minimizing additional workload. The
toolkit, a software suite, will include climate data management and analysis and prediction packages, accompanied
by training modules. It will support the generation and
use of climate information and prediction products for
specific needs. It will facilitate production, communication and application of climate information products and
help promote standardization and implementation of best
practices in all countries. It will offer an opportunity for
least developed countries to use state-of-the-art methodologies for climate monitoring and prediction. The toolkit
is expected to be available in multiple languages, easy to
use, portable for offline use or requiring minimum Internet
bandwidth, and written in free software or freeware.
There is a need for tools that work across a range of
space and time scales, incorporating impact models of
differing complexity and uncertainty information, from
sub-seasonal to centennial scales. Uncertainty needs to
be accounted for at all stages. Global models, downscaling, impacts models, all involve significant uncertainty.
Decision-support must also be integrated into tool development and an iterative process is needed to ensure that
the user’s needs and capabilities are known. The iterative
process will potentially need to address capacity building
and user feedback.

Future research and operationalization
The Conference agreed to address the following topical
issues of direct relevance to climate risk management
and adaptation, particularly to the GFCS:

2.

3.

4.

5.

Enhance efforts to implement CDMSs and expand
data rescue and quality control. The consistency
between different climate components, information;
namely monitoring and forecasting products should
be strengthened, especially in terms of data used,
base period and methods.
RCCs and RCOFs need to be further expanded and
strengthened by introducing more systematic and
objective procedures, including verification methods
to enhance confidence. In view of the increasing
demand for sub-seasonal information, the progress
on seasonal to sub-seasonal prediction should be
leveraged for operational services.
Implement systems to channel recent research efforts
enhancing the use of predictions at sub-seasonal and
seasonal–to-interannual and decadal scales through
operational systems put in place at global, regional
and national levels for providing high quality climate
services to stakeholders.
Future development of the GSCU will need to
improve post-processing move from quarterly to
monthly issues, focus on RCOF needs and, consequently, extend the forecasted period.
Collaboration between CCl and WCRP in areas of
sub-seasonal prediction is needed for improving skill

Over the last 20 years, CLIPS has supported the provision of climate services. CCl has also fosters the taking of
high quality observations, managing electronic climate
data archives and coordinating the use of those data
in climate monitoring and assessment. These activities
have helped CCl take a lead role in the development of
the GFCS CSIS.

New Polar Challenge

network for ice-covered ocean regions based on a fleet
of such platforms. The Polar Challenge will be at least
three-fold: in terms of under-ice navigation, endurance
and environmental monitoring.

Teddy Seguin

1.

of seasonal predictions, understanding and prediction of extremes, downscaling climate information
and exploring teleconnections to understand climate
variability.
6. The Climate services toolkit is seen as a set of software products designed to support the generation
of climate information and prediction products for
user needs. A workshop to discuss design specifics
– languages, trainer and certification and identification of potential candidate applications would be
beneficial.
7. Capacity development (both for individuals and institutions) and recognized as fundamental for good
quality climate services.
8. In the process of developing products, stakeholders
across the whole value chain need to be involved.
This will make climate information valuable for decision-making by being specific and tailored.
9. There is a need for more interdisciplinary work to
better address specific needs in various sectors.
10. Access to relevant datasets should be improved for
monitoring, downscaling and tailoring for effective
climate services relevant to users.

The World Climate Research Program (WCRP) has launched
a Polar Challenge to reward the first team to send an
Autonomous Underwater Vehicle (AUV) for a 2 000 kilometer mission under the sea-ice in the Arctic or Antarctic.
The aim is to stimulate the development of a sorely-needed
monitoring tool for the Polar regions and ultimately to
expand scientific research capabilities and climate services
in both the Arctic and Antarctic. WCRP hopes the competition will promote technological innovation towards a
future cost-effective, autonomous and scalable observing

Under the sea-ice, the operating range, positioning and
data transmission represent major challenges for existing
underwater vehicles. Integration of innovations in power
systems and navigation techniques, for example, would
expand the scope of applications of such vehicles, which
are currently mainly limited to the open ocean. This would
offer the potential to develop new data sets of sea-ice
and under-ice properties far into unexplored territories,
revolutionizing our knowledge of heat fluxes and storage,
fresh water exchanges, carbon sequestration and ocean
acidification in those regions.
The Polar Challenge was announced during the business and
scientific segments of the Arctic Frontiers conference, 18-23
January in Tromsø, Norway. Details on participation and the
reward will be provided in fall 2015 on the WCRP website:
(www.wcrp-climate.org/polarchallenge)
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NOAA

Rescue, Archive and
Stewardship of Weather
Records and Data
By Jason Cooper, Archivist, National Climatic Data
Center, U.S. National Oceanic and Atmospheric
Administration (NOAA)

Data repositories and archives play a critical role
as the source for the observational data used in the
study of weather and climate. After over two centuries of recording observations on paper, observations
in the last 20 years have mostly been collected
digitally. Repositories around the world now have a mix
of data on physical media, such as paper and microfilm,
and digital media such as computer disks, magnetic
tapes and DVDs. There is risk of data loss regardless
of storage media. Repositories must identify, appraise,
acquire, archive and migrate data to new technologies
to make it available for research. These acts of stewardship and conversion to common electronic formats
are vital to preserving and enhancing the global climate
record.
Creating homogeneous, complete data sets from disparate collections is a fundamental challenge facing the
climate research community. This is best achieved by
leveraging partnerships to share resources and areas of
expertise. The goal is to bring more information into the
hands of scientists who seek to understand the global
climate system and anticipate changes to the climate.

Observational data today
In the twenty-first century, weather observations are
overwhelmingly collected digitally. The U.S. National
Climatic Data Center’s (NCDC or the Center) digital
collection began in earnest in the late 1970s when satellite data transitioned to digital formats. In the 1990s,
the National Weather Service (NWS) deployed new
systems for in situ and radar data, an aging network
of weather radar sites was replaced with the Next
Generation Weather Radar (NEXRAD) network. Digital
imagery began flowing directly to NCDC. Today, the
Center holds twenty years of NEXRAD data in its digital
repository, while maintaining over 20 million preNEXRAD images on microfilm.
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Since the start of hourly weather observations at airports
the late 1920s, NCDC has archived tens of millions of
forms from stations nationwide. In situ data collection
also moved toward digital in the 1990s with the NWS
transition to the Automated Surface Observing System
(ASOS). ASOS transmits digital data directly to NCDC,
largely ending the creation of paper observation forms.
New digital data submission practices were also established for the volunteer Cooperative Observers network
as citizens connected to the Internet by the millions.
Today, there are few new paper forms or analog charts.
The only new hard-copy data arriving at NCDC comes
from ships at sea, stations with intermittent transmission issues, and a very small number of stations that
have not made the conversion to digital data submission. NCDC’s large collection of records on physical
media (referred from here onward as physical records)
is not growing very quickly. Occasionally, the Center
will still receive a small collection of records found
at an NWS forecast office or state climate office or
paper and portable digital media, such as floppies and
CD-ROMs, from outgoing employees. Some data has
been forgotten or neglected for decades.

Data rescue
With the mass transition of weather observations to
digital formats, repositories across the globe are left
with aging paper and microfilmed records. Data rescue
efforts aim to make more of this historical data readily
available. In the U.S., a hugely successful digitization
effort known as the Climate Database Modernization
Program (CDMP) converted more than fifty million
observational records to digital image formats such as
PDF, TIFF and JPEG. The program also supported the
keying of hundreds of millions of weather elements
into digital datasets. As a result of the success of the
program, hourly observations for long-running stations

in the U.S. are available in image formats as well as
keyed data files, and the U.S. has a dense coverage of
data that dates to the 19th century.
The face of data rescue and digitization looks different
today. CDMP ended in 2011, and there are still physical
records to digitize. NCDC actively seeks partnerships to
continue to rescue and convert data to digital formats
ready for use in climate research. NCDC has engaged
in partnerships to scan early satellite records that
reveal sea-ice extent in the late 1960s and early 1970s.
The National Hurricane Center has begun to use early
geostationary and polar-orbiting satellite imagery,
previously available only in analog format, in the reanalysis of the Atlantic Hurricane seasons from 1966–1975.
Opportunities exist for reanalysis of the Pacific and
Indian Ocean basins, possibly through the International
Best-Track Archive for Climate Stewardship (IBTrACS)
initiative.

their observatory taken in the 1930s. NCDC is creating
digital copies of these records.
NCDC is not unique in possessing historic weather
records. All across the globe, countries hold valuable
weather records that, if digitized, would bolster the
climate record and allow a greater understanding of
climate. NCDC maintains an active relationship with the
International Environmental Data Rescue Organization
(IEDRO). IEDRO works to identify and rescue weather
records in countries that hold large amounts of analog
weather records and need assistance preserving and
digitizing them. NCDC is working with IEDRO to define
common data formats and recommend image formats
for records that non-profit organizations identify and
rescue. The data rescue realm includes those who
possess and preserve physical records, those who seek
records for scanning, those who digitize the data, and
those who preserve and provide access to digital collections that comprise the modern climate record.

NOAA

Obsolescence

NOAA’s archives
As part of its engagement as a WMO World Data
Center, NCDC has over two thousand boxes of foreign
paper records and over 5 000 reels of microfilm in its
own archive. It also holds observational records taken
by the U.S. military during wartime, from World War II
to the early 1990s conflicts in the Balkans and Kuwait.
For the first time, users can discover these and all
records on physical media at NCDC as the database of
physical holdings is now publicly available through the
Web-enabled Archive Records Tracking and Inventory
System (WebARTIS) interface. Opportunities exist to
capture and use global in situ observations as well.
Those requesting conversion of records from physical
media to digital formats are asked to bear some of the
cost to furnish the request. This is especially necessary
for large requests. The government of New Caledonia
recently funded the scanning of World War II era observations taken on their island in order to fill a large gap
in their climate record. The Hong Kong Observatory
discovered that the Center holds original records from

NCDC routinely accepts and cares for paper, microfilm and many digital data formats. However, there
are some formats that are more difficult to preserve
and access. While the Center has the capacity to read
standard 16mm and 35mm film and even micro cards,
it has a very small number of less common five-inch
microfilms that require more specialized equipment to
read. A more common problem that repositories must
address: data on outdated portable media and data in
outdated file formats. NCDC is fortunate to maintain a
machine capable of reading and handling 3.5 and 5.25
inch floppy discs, but again must seek help reading “zip
discs,” a media that was very popular for a short time in
the late 1990s. CD-ROMs and DVDs are already fading
in popularity. Because of rapid obsolescence, NCDC
makes it a policy to move data from portable media
onto a managed, networked digital archiving system to
continue preservation.
Another digital preservation issue is the use of outdated
or unique file formats. Many formats are proprietary,
owned by software companies. Once the company
ceases operations or moves to a newer software
application, support for the formats generated by the
older software begins to decline. When this happens,
repositories must either convert the files to a bettersupported format or maintain documentation to assist
users in doing so. Digital repositories must monitor
the file formats in their holdings and migrate from
those that appear to be losing support. NCDC policy
is to use as few formats as possible in order to minimize the number of formats that must be monitored.
The broader archival community offers suggestions
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for lasting image formats, and scientific communities
advocate for standard self-describing digital formats
such as NetCDF.

•

Can NCDC prepare the data for archival? Will the
producer assist with transfer, metadata creation
and file naming?

Appraisal

•

Is the data in a preferred format, or can NCDC
accommodate the format?

•

Can NCDC provide access to the records?

•

Is there subject matter expertise at NCDC to help
answer user questions?

Whether the collection is physical or digital, an
archival process known as appraisal occurs. Appraisal
is a subjective judgment of whether a record, dataset
or collection belongs in a given repository. NCDC
appraisal considerations fall into two primary categories. The first is appropriateness for archival, which is
determined by asking the following (note the use of the
word collection could easily be replaced with data or
records, depending on the media):
•

Is the collection already archived elsewhere? If yes,
is it in a national, university, or corporate archives?
If so, should we enter into an agreement to take
possession should the host of the archives decide
to dispose of them?

When appraisal is conducted in a consistent manner,
a repository develops a strong identity, and the user
community begins to perceive the types of data
and physical records to be found there. Conversely,
a haphazard appraisal practice leads to disjointed
collections and uncertainty about the mission of the
repository, from both the community it serves and even
its own employees.

The repository and climate research
•

Is the Center the appropriate repository for the
collection? If not, where are the alternatives?

•

Is this where users would expect to find the collection? If not, where would they look? Would that
repository be able to steward?

•

Would NCDC customers be interested in the collection? Producers are asked to identify who they
believe the user community would be for their
collection.

•

Does the collection complement our existing
holdings?

•

Does the collection support work done at NCDC such
as product development, research or publishing?

•

Is the collection produced by the National Oceanic
and Atmospheric Administration (NOAA)? NCDC’s
first and foremost mission is to serve as the repository for its parent organization.

It would be ideal if NCDC could accept all records that
satisfy the questions above. However, resources and
ability to steward the new data or physical records
also play a part in appraisal. Therefore, more questions
need to be answered:

NCDC serves as a state-of-the-art digital repository for
records that have been converted to image and keyed
data formats. NCDC’s role as a World Data Center, as well
as its commitment to digital stewardship, makes it an
ideal place to submit data for archival. NCDC is actively
involved in the International Surface Temperature
Initiative, the global repository for land surface observations from the 1800s to present. Similarly, NCDC
participates in the International Surface Pressure
Databank, the world’s largest collection of pressure
observations. These federations of data represent the
final instance of the global data rescue and partnership
effort: aggregated datasets that are as complete and
homogeneous as possible given the disparate origins
of the original observational records.
Data rescue and preservation in the twenty-first
century requires partnerships to share resources and
areas of expertise. In this way, data rescue looks more
like climate research than ever before, with dozens
of nations, non-profit organizations and universities contributing to the improvement of the climate
record. Provided with richer, more complete datasets,
the global climate research community will continue
to advance understanding of the global climate system
and anticipate changes to the climate in the future.
References are available in the online version

•

Can NCDC handle the volume, both in transfer and
in storage?
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Progress in Observing and
Predicting ENSO

By Neville Smith1, William S. Kessler2, Katherine Hill3
David Carlson4

Governments, private companies and individuals are
demanding ever more sophisticated climate services,
as manifested by the Global Framework for Climate
Services (GFCS). But parts of the ocean observation
network – paramount to the delivery of climate services
– are at risk, and the evolution of climate prediction
systems is not keeping pace in terms of accuracy and
reliability. 1 2 3 4
We are at a critical stage in observing and predicting the
El Niño-Southern Oscillation (ENSO). This presents an
opportunity for scientists, technological experts, engineers, and operational climate services to re-engage
and achieve major change, change that will have
profound benefits for WMO and the GFCS.

Wave-powered moored ocean
profilers

predict ENSO conditions with some skill and provide
outlooks for air temperatures or rainfall in other regions.
Understanding and forecasting the onset and duration of the phases of ENSO has provided a basis for
routine delivery of seasonal climate outlooks and associated information and services for regions impacted
by ENSO. While the predictability of ENSO has strong
scientific foundations, the prediction of its global
impacts is significantly more challenging since those
often occur on regional scales and may be influenced
by regional and/or local effects.

ENSO: A problem worth solving
ENSO refers to the alternation between the El Niño
climate phase in the tropical Pacific Ocean and its opposite phase, La Niña. The Southern Oscillation index
captures the east-west surface atmospheric pressure
differences that accompany these changes. ENSO is
accompanied by changes in ocean temperature and a
dislocation of atmospheric circulation, some aspects of
which are believed to be predictable. That means that
given observations of the climate state, in particular for
the tropical Pacific Ocean, and models that encapsulate
our understanding of climate variability, we can then
Tropical Pacific Observation System (TPOS) Co-Chair, Retired Scientist,
Melbourne, Australia
1

Tropical Pacific Observation System Co-Chair, Pacific Marine
Environmental Laboratory, Seattle, USA
2

Director, World Climate Research Program (WCRP) Programme Officer,
Ocean Observations for Physics and Climate, Global Climate Observing
System (GCOS)
3

Programme Officer, Ocean Observations for Physics and Climate, Global
Climate Observing System (GCOS)
4

Anomaly during an Eastern Pacific versus a Central Pacific El
Niño
ENSO remains a problem worth solving – there are
few if any natural semi-regular climate signals whose
prediction can have such widespread impact – but we
are not there yet. We continue to be surprised by the
diversity of ENSO events. Regular oscillations in the
1960s and 1970s shaped early understanding of ENSO.
The 1980s and 1990s were dominated by El Niño phases
– including the large 1982/83 and 1997/98 events. The
recent period has been accompanied by changes in
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the mean state, reduced variability and the so-called
“Modoki” El Niño.

Observing and predicting ENSO
From 1985 through to 1994, a major international
project, the Tropical Oceans-Global Atmosphere (TOGA)
Experiment, established an observing system. The
primary rationale was to enable the prediction of largescale interannual climate fluctuations, in particular El
Niño and its global effects. The Pacific component of
the TOGA observing system, completed in 1994, is now
known as the Tropical Pacific Observing System (TPOS)
and continues to support routine forecasting systems
and research.
Corresponding networks were developed in the tropical Atlantic and Indian Oceans during and after TOGA,
contributing to seasonal forecasts and to improved
knowledge of climate variability in these regions.

that the forecast systems were simply unlucky – most
forecast models had some ensemble members that
were close to the observed trajectory.

Birth of the TPOS 2020 Project
The deterioration of some of the TOGA-based elements
of the network in recent years – and with it the associated international collaboration – highlights the risks
to a system that underlies the capability for seasonal
forecasting around the globe, requiring a renewed international effort to evaluate and redesign the system. This
effort is challenged to first consider the underpinning
scientific understanding and rationale for the TPOS and
its implications for a more modern consideration of
requirements, observing techniques and data products.
Second, we must forge a fresh international agreement, not only on the form of a rebuilt system, but also
on developing the governance structures required to
ensure an efficient, effective and sustainable observing
network for the next decade and beyond.

Over the 20 years since TOGA, new in situ and satellite observational technologies have been added to
the TPOS, and a profound evolution has taken place
in the sophistication of analysis, modelling and predictions systems. Moreover, the understanding of Tropical
Pacific variability and predictability has advanced to
the point where a fresh articulation of observational
requirements and system design is needed.
Uncertainty about recent ENSO events, as in 2014,
occurs in the context of substantial changes in the
entire Pacific Ocean and throughout the northern hemisphere. By March 2014, several operational centres
predicted an El Niño to rival the 1982/83 and 1997/98
events based on a range of forecast models that had
hitherto demonstrated skill. By mid-year, it was clear
that such a large event would not happen. Instead,
the tropical Pacific sea-surface temperature anomaly
followed a much cooler trajectory, though still positive.
Meanwhile, substantial sea-surface warming occurred
over a large area of the North Pacific, accompanied
by, but perhaps only coincidently, large anomalies
of northern hemisphere circulation. Do these hemispheric and ocean-wide patterns fit together, and how
do they affect ENSO? Perplexed by the apparent failures
of ENSO forecasts in 2012 and again in 2014, several
researchers ask whether changes in ENSO reflect larger
shifts or changes in the planet-wide climate system.
A number of models continue to raise the possibility of
a small-to-modest warm event beyond May – around
50-60% as of February 2015. It remains unclear whether
the weaknesses of present prediction systems derive
from fundamental model deficiencies or from missing
observations of key ocean variables. It is also possible
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Ensemble ENSO predictions in green and actual temperature
anomaly in black from March 2014 (source: POAMA, Bureau of
Meteorology http://poama.bom.gov.au/)
In January 2014, the National Oceanic and Atmospheric
Administration (NOAA) of the United States of America
and the Japanese Agency for Marine-Earth Science
and Technology (JAMSTEC), in collaboration with
the Ocean Observations Panel for Climate (OOPC)5,
convened a review of the TPOS through a workshop
and associated white papers. These deliberations
considered immediate actions to address the deterioration in the observing system as well as those that would
be required to create a more robust and sustainable
The Ocean Observations Panel for Climate is a panel of the Global
Climate Observing System, the Global Ocean Observing System, and the
World Climate Research Program.
5

system. Together, these formed the basis of the goals
for the TPOS 2020 Project.

approach to the six-year project. Beyond the matters
already highlighted above, these include:

A 15-member TPOS 2020 Steering Committee met for
the first time in October 2014 to re-affirm those goals
and plan Project steps. It agreed to create Task Teams
to support the activities needed, including:

•

consideration of the observing system as an integrated whole, including satellites, modelling, data
management and the range of modern in situ
technologies; thus, the project will articulate the
strengths of a multi-platform approach appropriate
to the multi-scale variability of the tropical Pacific;

•
elaboration of the scientific need for, and feasibility of, observing the planetary boundary layers,
including air-sea fluxes, near-surface processes
and diurnal variability;

explicitly assessing risks to the observing system,
taking into account system requirements such as
necessary redundancy, sensor diversity, etc.;

•

identifying and sustaining critical long-term climate
records;

evaluation of the different approaches for observation of the eastern and western boundary regions;

•

urgently exploring strategies to minimize the
impact of the reduction in the TRITON (Triangle
Trans-Ocean Buoy Network) contribution to the
moored buoy array (some 70 moorings in the tropical Pacific Ocean, the dominant source of upper
ocean observational data in that area over the last
25 years);

•

initiating discussions with interested organizations
to broaden engagement in TPOS, with respect to
ship support, participation in joint process studies,
development of models and data assimilation
systems;

•

taking advantage of opportunities to make observations from vessels involved in servicing moorings,
and using the backbone network as infrastructure
to enable limited-duration process studies and to
test and improve observing technology; and

•

ensuring appropriate levels of investment in data
processing and product distribution.

•

•

•

evaluation of the backbone of the observing
network and broad-scale aspects of the TPOS;

•

development of rationales, requirements and a
strategy for biogeochemical observations; and

•

consideration of approaches to advancing modelling, data assimilation and synthesis so that
observations can achieve their fullest impact.

The TPOS 2020 sustained sampling network is the
“backbone” of the system. This term is used to emphasize that the backbone anchors and underlies all other
pieces of the observing system, some of which may
only be implemented for a limited time. The backbone
will be designed to maintain consistent and well-understood sampling rates and scales that allow for the
detection of climate variability and climate trends.
Since much of the use and benefit of TPOS data products will be achieved through model assimilation and
syntheses, the model and data assimilation development community and operational modelling centres
must be considered key partners. TPOS 2020 efforts,
including embedded process studies, will be designed
to address phenomena related to systematic errors in
models or to situations where detailed observations are
needed to guide model design. The initial meeting of the
Steering Committee highlighted approaches for greater
involvement of modelling centres in the development
of process studies to better answer these questions.
Among potential studies will be those geared toward
a greater understanding of the relationship between
ocean near-surface conditions and convective rainfall
in the tropics and of the mechanisms that communicate
surface fluxes into the subsurface ocean.
The initial TPOS Review, and subsequent in-depth
discussions at the TPOS 2020 meeting, resulted in
a number of recommendations that will define the

Dependencies and governance
TPOS 2020 must be managed and implemented within
the context of existing and planned ocean observation activities, in particular the Global Ocean Observing
System and the WMO/IOC Joint Technical Commission
for Oceanography and Marine Meteorology (JCOMM),
which coordinated the implementation of many of the
oceanographic community’s existing networks.
Other critical partners include the World Climate
Research Programme (WCRP) core project Climate
and Ocean: Variability, Predictability and Change
(CLIVAR) as well as the Global Ocean Data Assimilation
Experiment (GODAE) OceanView. WCRP supports a
number of research activities and projects relevant to
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TPOS 2020, particularly with respect to modelling and
process studies. The work of GODAE OceanView is
relevant to the planned ocean prediction and observing
system studies of TPOS 2020.

It is through these partnerships and governance structure that TPOS 2020 will design a modern, sustained
tropical Pacific observing system that meets both the
scientific and societal needs of the future.

TPOS 2020 is a project for change. It will operate independently and work through its sponsors to ensure all
dependencies and links are appropriately managed. As
such, four primary elements are included in the governance of the Project:

Opportunities

•

a TPOS 2020 Steering Committee responsible for
oversight and coordination;

•

a Resources Forum drawn from sponsors and
others responsible for coordinating resources;

•

an Executive populated from the leadership of the
above; and

•

a Project Office focused on coordination activities
supported and resourced by the sponsors.

2014, the Hottest Year on Record

WMO has ranked 2014 as the hottest year on record
after consolidating leading international datasets.
WMO noted that the difference in temperature
between the warmest years is only a few hundredths
of a degree – less than the margin of uncertainty.
Average global air temperatures over land and sea
surface in 2014 were 0.57 °C (1.03°F) above the longterm average of 14.00°C (57.2 °F) for the 1961-1990
reference period. By comparison, temperatures were
0.55 °C (1.00°F) above average in 2010 and 0.54°C
(0.98°F) above average in 2005, according to WMO
calculations. The estimated margin of uncertainty
was 0.10°C (0.18°F).
“The overall warming trend is more important
than the ranking of an individual year,” said WMO
Secretary-General Michel Jarraud. “Analysis of the
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It is worth repeating: We are at a critical stage in
observing and predicting ENSO. In order for the GFCS
and WMO to respond to the increasing demand for
more sophisticated climate services, we need accurate and reliable observations and climate prediction
models. Technology has much to contribute – the next
decade promises exciting advances in the technology,
autonomy and platforms that the observing and prediction community may be able to take advantage of.
Scientists, experts and engineers need to seize the
opportunity to improve and make more efficient observations and models and to propose novel approaches
to the challenges of observing ENSO.

datasets indicates that 2014 was nominally the warmest on record, although there is very little difference
between the three hottest years,” he continued.
“Fourteen of the fifteen hottest years have all been
this century. We expect global warming to continue,
given that rising levels of greenhouse gases in the
atmosphere and the increasing heat content of the
oceans are committing us to a warmer future.”
Around 93% of the excess energy trapped in the
atmosphere by greenhouse gases from fossil fuels
and other human activities ends up in the oceans.
Therefore, the heat content of the oceans is key
to understanding the climate system. Global seasurface temperatures reached record levels in 2014.
However, it is notable that the high 2014 temperatures
occurred in the absence of a fully developed El Niño,
which has an overall warming impact on the climate.
“In 2014, record-breaking heat combined with torrential rainfall and floods in many countries and drought
in some others – consistent with the expectation of
a changing climate,” said Mr Jarraud.
The WMO analysis is based, amongst others, on
three complementary datasets maintained by the
Hadley Centre of the Met Office and the Climatic
Research Unit, University of East Anglia, United
Kingdom (combined); the U.S. National Oceanic
and Atmospheric Administration (NOAA) National
Climatic Data Centre; and the Goddard Institute of
Space Studies (GISS), operated by the National
Aeronautics and Space Administration (NASA).

Celebrating Fifty Years of
WMO Regional Meteorological
Training Centres

By Timothy C. Spangler1, Gustavo V. Necco2 and the
WMO Secretariat3

Following the second World War, governments and
corporations recognized that the sciences of meteorology, hydrology and climatology could contribute to
safety and efficiency in aviation, and advances in many
other sectors of commerce and industry, and to the
protection of human lives and property from natural
hazards. To achieve those goals, National Meteorological
and Hydrological Services (NMHSs) would have to
expand their range of responsibilities and place greater
emphasis on education and training in order to have
capable and effective staff. Accordingly, enshrined in
the WMO Convention signed by many governments in
1950 is the mandate to encourage research and training
in meteorology and to assist in coordinating the international aspects of such research and training. 1 2 3
In 2015, the WMO Regional Meteorological Training
Centres (RMTCs) that became the cornerstone of efforts
to promote education and training, celebrate 50 years.
How did they come to be and how have they evolved
over the last decades? Most importantly, in the current
environment of privatized meteorological service
providers, do they remain pertinent?

The early years
In the early years, NMHSs of WMO Members would
determine the required educational qualifications for
their staff and the training needed for different tasks.
But the 1960s saw newly independent states becoming
full Members of WMO, rapid increases in technological capability (radar, satellites, computers) and many
scientific advances (numerical modeling, geophysical
fluid dynamics). These changes made it necessary for
Retired Director of the COMET program, long term member of the EC
Panel of Experts on Education and Training
1
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Retired Director of the WMO Education and Training Department

3

Jeffrey Wilson, Director, WMO Education and Training Office

WMO to increase its focus on education and training
in order to help developing countries to strengthen,
expand and, sometimes, generate human resources
in meteorology, hydrology and climatology at technical and university levels. The Organization initiated a
comprehensive long-term plan for training activities for
observers to professional forecasters. WMO appointed
Professor J. Van Mieghem, a well-known and distinguished Belgian meteorological scientist, to prepare a
draft training plan to, in particular, provide advice on
the training needs in Africa and to recommend options
on the required structure of the Secretariat to support
increasing training activities.
He produced three
reports, covering the professional training of all grades
of meteorological staff in less-developed countries, a
plan for meteorological training in Africa, and another
plan for the establishment of a training section in the
Secretariat. These reports provided the basis for the
WMO Education and Training Programme (ETR) for the
next decade.
In that context, WMO Regional Meteorological Training
Centres were a natural development. The concept was
based on a successful regional training course offered
by the University of Buenos Aires, Argentina, in 1958,
free of tuition to students from other Spanish-speaking
South American countries. The first institutions officially recognized as RMTCs were the Department of
Meteorology, University of Buenos Aires, and the
Institute for Meteorological Training and Research in
Nairobi, Kenya, in 1965.

Course content
Technical Note Nº 50, published in 1966, provided
the basis for the initial WMO classification of
meteorological personnel (Class I to IV) and strongly
influenced the content of the courses offered by the
RMTCs. After its publication in 1969 as “Guidelines
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WMO Regional Training Centres around the world
for the education and training of meteorological
personnel” (WMO no. 258), it was put into practice by
about three-quarters of WMO Members – mainly from
developing regions. Four editions were issued before
its replacement by the “Manual4 on the Implementation
of Education and Training Standards in Meteorology
and Hydrology, Volume I” (WMO no. 1083) in December
2013.

The disastrous drought affecting Sudan and the Sahel
region in the mid 1970s precipitated the opening of a
training centre in Niamey, Niger, by WMO with the Food
and Agriculture Organization of the United Nations
(FAO) as associated agency. Some 20 drought-stricken
countries in the region sent students to this centre with
support from a range of different fellowship schemes.

Panel of Experts on Education and Training
The WMO Training Manuals, the first for Class III
personnel was published in 1966 and followed by a
compendium of lectures notes for Class IV personnel
in 1970, were also important resources for training
centres. They stimulated a demand for similar volumes
for use in Class I and II levels. The first Class I volume,
published in 1973, dealt with dynamic meteorology.
These publications were highly appreciated as textbooks presenting the state-of-the-art in meteorological
subjects were very expensive to buy, difficult to find or
simply non-existent. Moreover, WMO produced translations in the official languages of the United Nations.
RMTCs in Latin America and the Caribbean satisfied the
region’s urgent training needs in the 1960s. A fellowship scheme implemented with financial support from
the United Nations Development Programme (UNDP)
was an important, perhaps indispensable, component
of their success. This “special fund project” awarded
more than 40 fellowships for both university-level and
technical studies.
The title will change slightly on 1 January 2016 to “Guide on the
Implementation of Education and Training Standards in Meteorology and
Hydrology, Volume 1” in order to align with the naming practice of publications supporting the WMO Technical Regulations.
4
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The WMO Executive Council Panel of Experts on
Education and Training, established in 1966, provides
guidance:
•
•

•

in coordinating WMO activities in the field of meteorological education and training;
to promote and further the training of personnel for
the National Meteorological Services, particularly
in the developing countries; and
to recommend (and develop) training materials for
use by training centres.

The Panel of Experts, which traditionally meets every
two years, will hold its 27th session in 2016. In recent
years the Panel has overseen the replacement of
WMO no. 258 by WMO no. 1083, the incorporation of
the Basic Instruction Packages for Meteorologists and
Meteorological Technicians into the WMO Technical
Regulations, assisted the WMO Technical Commissions
in the development and introduction of competency
based frameworks, recommended improvements into
the reviewing of, and criteria for, the recognition and
reconfirmation of WMO RMTCs. Most recently, the
Panel proposed the development of the WMO Global
Campus concept that aims to better connect Regional

Training Centres (RTCs) and other education and
training partners to meet the increased demand and
scope of training required for NMHSs to provide new
and better services to their countries.

Training Centre in Beijing became a second component
of the RMTC in 2003.

Rapid expansion
During the 1980s, there was a rapid expansion of
RMTCs, mirroring the growth of meteorological and
hydrological services worldwide. A few examples illustrate their diverse nature:
Caribbean Institute for Meteorology and Hydrology
(CIMH): This organization was created in 1967 by 12
island nations and became affiliated with the University
of the West Indies in Barbados in 1973. CIMH was recognized as an RMTC in 1975. CIMH has offered in-residence
training for nearly all the meteorological services of the
Caribbean region for the last 37 years. CIMH was also
one of the early adopters of online distance-learning.
They started with monthly weather discussions under
the guise of the WMO Virtual Laboratory for Satellite
Meteorology and now continue with full training
programmes offered online.
University of Costa Rica: This centre was created in
1968 to serve Spanish-speaking students in Central
America, and graduated its first five meteorologists in
1969. Over the years, new programmes were added
such as the Licenciatura in 1972, WMO Technician Class
II in 1984, and additional postgraduate studies in the
1990s. Recently, the centre has engaged students with
online courses.
The Israeli Centre of International Training in Applied
Meteorology: This centre was established in 1963 at
the Israel Meteorological Service (IMS). The first prime
minister of Israel, Mr. David Ben Gurion, together
with the then Secretary General of WMO, declared
that the IMS would serve as an International Training
and Education Centre, especially for developing countries. In 1994 the Training Centre, then offering courses
at Kibbutz Shefayim, was formally recognized as an
RMTC. Over the years, thousands of meteorologists,
hydrologists and other scientific and professional
personnel have taken part in a wide range of international courses (offered in English) in agrometeorology
and applied meteorology at IMS.
Nanjing University of Science and Technology: In
1993 the government of China, with approval of the
WMO Executive Council, established a new RMTC on
the campus of the Nanjing University of Information
Science and Technology. This RMTC has grown rapidly,
serving meteorologists from over 130 countries in the
last 20 years. The China Meteorological Administration

WMO Regional Training Center in Nanjing, China
Training in India: Education and training activities
in Pune, India, began as early as 1943. The centre
was elevated to the level of a Directorate in 1969 and
approved as a WMO RMTC in 1986. Today the RMTC
has three components: The Central Training Institute
and the National Water Academy both in Pune, and a
Training Centre in New Delhi. The World Meteorological
Congress in May will consider a proposal to add a
fourth component specializing in hydrology and water
resources at the Indian Institute for Technology in
Roorkee.
The Egypt Meteorological Authority training centre:
Founded in 1965 in Cairo, the centre was designated a
WMO RMTC in 1968. The RMTC has trained meteorologists and technicians from Africa and Europe as well
as from the Middle East. The Egyptian Meteorological
Authority began a significant modernization of the
RMTC in 2003, including the construction of a new
building and upgrading to the latest technology. Today
the Egyptian facilities include instrument calibration
and an Arabic numerical weather prediction centre.

WMO Regional Training Center in Cairo (2007)
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The Russian Federation:
A consortium of three
institutions, in existence for many years, were
recognized as a WMO RMTC in 1994: Moscow Hydrometeorological College (MHC), the Roshydromet
Advanced Training Institute (ATI) and the Russian State
Hydro-meteorological University (RSHU). These three
organizations together currently host some 450 foreign
students from 46 countries. Since 1994, they have been
offering a Bachelor of Science degree in hydrometeorology in English for Russian Federation nationals.

Growing pains in the network of RMTCs
Throughout the last 50 years, many training centres
evolved out of university programmes. WMO Members
have leveraged the advantages of locating training
centres and programmes on university campuses to
the great benefit of both Members and universities.
In the mid 1990s, as the period of rapid growth in RMTCs
began to peak, the Panel of Experts on Education and
Training observed that some regional training centres
were not meeting needs; others were actually national
training centres, rarely serving international students;
and there were no standards for content or instructional methods, nor any meaningful cooperation with
each other.
In 1996, the Panel commenced discussions on the
health and activity of the RMTC network. One of the
first outcomes was the launch, in 2000, of a vigorous
programme of review every eight years to reconfirm
each regional training centre. Since 2000, all but one
RMTC has been reviewed at least once.
The Panel’s other recommendations include: reinforcing regional cooperation; raising greater awareness
of the capabilities of RMTCs; more efficient planning of human resource development; encouraging
lifelong learning and continued professional development; improving the content of training programmes;
enhancing the learning process; providing better access
to training materials; and strengthening the role of ETR.

The RTC network today
In 2006, the WMO Executive Council decided that the
term Regional Meteorological Training Centre (RMTC)
should be changed to Regional Training Centre (RTC) to
allow for specialization in areas other than meteorology.
There are now 26 WMO Regional Training Centers
composed of 38 components. The evolution of RTCs
has resulted in a diverse portfolio of centres providing
education and training through the use of residence
classes, distance-learning and blended learning.
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The ETR Programme has promoted the application
of information and communications technology in
teaching and learning through the use of ComputerAided-Learning initiatives and activities such as
CALMet. The ever-expanding networking capabilities of
the Internet provide a strong and valuable complement
to classroom-based regional educational activities.
The challenge for the ETR Programme, the RTCs and
Members is to make the most of the advantages of
distance and face-to-face learning within the financial and human limitations of training providers and
demand for education and training. Diverse considerations – such as language, Internet availability, reliability
and bandwidth, the availability of staff to take the
courses on offer and the funding of the existing training
opportunities – provide many challenges and innovative opportunities for the ETR Programme.
Some recent RTC activities include, the delivery by
CIMH in 2011 of distance-learning based review course
on Aeronautical Meteorological Forecasting to its
now 15 member countries. Lectures and case studies
were simultaneously delivered over the Internet using
computer-aided learning modules from the COMET
Program of the United States of America as supplementary study materials. This course has since been
enhanced and repeated several times and is part of the
strategy of the Caribbean Meteorological Organization
to meet the competency and qualification requirements for Aeronautical Meteorological Forecasters.
CIMH is also a recognized WMO Centre of Excellence
for Satellite Meteorology. Along with the University of
Costa Rica, it has been participating in, and promoting,
monthly weather discussions provided by the U.S.
National Centre for Environmental Protection (NCEP)
as part of the WMO Virtual Laboratory activities.
The series of extended online sessions on basic
hydrology provided by the National Water Authority
component of the RTC in India in 2012 and 2013, with
assistance from the COMET Programme and the WMO
Hydrology and Water Resources Branch, are another
example. The RTC in Kenya followed suit in 2013 for
eastern and southern African countries. Using extrabudgetary funds from the Government of Norway, in
2013, the RTC in Kenya also ran the first of a series of
four-week face-to-face courses in instrument maintenance and calibration. This course was repeated in
2014 by the RTCs in India and CIMH ran similar courses
using funds from the Government of Canada.
Future RTCs will reflect changes in technology and
in the needs of learners. For example, Brazil has
proposed the Virtual Centre of Education and Training
in Meteorology for Spanish-speaking countries in
South America and Portuguese-speaking countries in

Africa. This consortium of over ten Brazilian academic
institutions will work together to meet the needs of
learners, using both residence and distance-learning
delivery methods, and will allow students to combine
their academic achievements into a single certificate or
degree.

•

encouraging and nurturing regional and global
partnerships amongst the RTCs as well as by
promoting new regional and global partnerships
to enhance the education and training available for
WMO Members;
investigating the key aspects of quality assurance
needed for the global exchange and use of training
materials; and
recommending the information technology needs
for sharing resources.

•

Looking forwards
•
A further review of RTCs in 2012 revealed that many
of the underlying problems identified in 2002 still
existed, there was a growing disconnect between the
RTCs and the regions they served. Thus, major revisions were made to the Criteria for the Recognition and
Reconfirmation of RTCs, putting emphasis on performance as the basis for reconfirmation and clarifying the
roles of the various groups involved in the creation and
ongoing support for RTCs.
An estimated 150 000 meteorological personnel will
need education and training in the next ten years as
weather, climate and water services expand and develop
to include climate services and disaster risk reduction.
Enhanced collaboration and cooperation amongst
training and education institutions will be needed to
meet this demand. The WMO Global Campus aims to
assist in meeting this increasing demand by looking
at a number of areas that can benefit from increasing
collaborations. The WMO Global Campus will assist the
community by:

An increasing number of WMO Members offer university-level courses in meteorology or atmospheric
sciences, however, the relatively low recruitment rate
into national meteorological and hydrological services
makes it difficult for many of the universities to offer
a complete programme. Thus, a strong and adaptive
network of RTCs and training programmes will be
essential to build national capacity and help satisfy
future needs of Members. The history of RTCs in WMO
suggests that the community will rise to the challenge.

Africa Desk Celebrates its Twentieth Anniversary
The U.S. National Weather Service is celebrating the
20th anniversary of its Climate Prediction Center’s
(CPC) African Desk. The African Desk first became
operational in March 1995 when it hosted its first
trainee from Kenya. Initially, the Desk focused on
providing training for African nationals in climate
monitoring and forecasting, but in 2006 it established a Weather Desk to provide support to the
WMO Severe Weather Forecasting Demonstration
Project.
More than 130 meteorologists from 35 countries
in Africa have benefited from the African Desk
training. Four former trainees have become WMO
Permanent Representatives of their respective
countries, while dozens more have moved up to
leadership positions.
The residency training programme is complemented
by a NOAA-USAID climate training workshop series,

initiated in 2009, that has trained professionals
from different regions around the world. More than
200 meteorologists and scientists from countries
in Africa, Asia, Caribbean, Central America, South
America, and Southeast Europe have completed
training in these workshops.
In 2010, the activities of the African Desk expanded
yet again, with the establishment of the Monsoon
Desk. In addition to training, the CPC International
Desks offer access to real-time NCEP operational
weather and climate forecasts for any given region
of the world to domestic and international agencies.
The CPC International Desks also provide support
to many domestic and international programmes,
including USAID’s Famine Early Warning System
and Disaster Risk Reduction programme, Regional
Climate Outlook Forums, and more recently, the
World Health Organization climate and health
initiative.
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The Hydrometeorological
Enterprise: The Benefits of
Partnerships

By Caroline E. Corvington

The WMO and the National Weather Service (NWS) •
of the U.S. National Oceanic and Atmospheric
Administration (NOAA) once again organized an
International Session in the margins of the 95th annual
meeting of the American Meteorological Society (AMS) •
in January. This event explored the unique and important role of National Meteorological and Hydrological
Services (NMHSs) in assisting society to improve environmental decision-making in the face of growing •
vulnerability to extreme weather and climate events.

the need for a flexible and responsive hydrometeorological enterprise given the rapid rate of change
in our world;

NMHSs play a significant role in advancing the collection and analysis of hydrological and meteorological
observations; the modelling of hydrological and meteorological phenomena; the dissemination of forecasts,
warnings and as an authoritative advice about extreme
events; and in improving institutional capability to make
the best use of this science and technology. Collectively,
these are referred to as the hydrometeorological enterprise. This enterprise engages organizations from three
sectors: academic, commercial and public (including,
but not limited to, NMHSs). The International Session
considered ways to bring these sectors closer together,
through, amongst others, the engagement of scientific
societies such as the AMS and its counterparts around
the world.

•

the challenge to sustain funding for NMHSs and
observational infrastructure;

•

the need to ensure cross-disciplinary and crosssectoral collaboration; and

•

the paramount importance of open data for a
successful and productive weather enterprise.

the value in developing and maintaining strategic
partnerships with those that share a common
vision;
identifying the benefits and challenges of working
with the private sector;

A better understanding of key partners and users – and
the type of information they need to prepare for and
react to weather events – will increase the likelihood
of success of the hydrometeorological enterprise as
it works collectively to achieve its mission of saving
lives and property. With this in mind, participants
shared their experiences in order to promote a better
The first of two panels focused on national, regional understanding of how building partnerships across
and global perspectives of how well the hydromete- the weather enterprise can help NMHSs in delivering
orological enterprise is assisting with environmental services. Below are a few examples.
decision-making around the world. The second explored
how the global hydrometeorological enterprise could United Kingdom of Great Britain and Northern
best overcome challenges and seize opportunities. The Ireland
sessions highlighted the following concerns:
The Flood Forecasting Centre (FFC) is a successful
•
the need to ensure that all of those who depend on working partnership between the Met Office and
their services for decision-making understand the the Environment Agency, which brings together the
central role of NMHSs in the hydrometeorological sciences of meteorology and hydrology in a jointlyenterprise;
staffed specialist centre. The partnership was forged
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following the 2007 summer flood, when 55,000 prop- with its key stakeholders: the Member States of the
erties were inundated, 13 lives were lost, 7,000 people Caribbean Meteorological Organization (CMO), in
were rescued and damages climbed to £4.5 billion. particular their NMHSs. The strength of this partnership,
Operational since April 2009, the FFC was set up as which has been growing since 1967, is in the products
a pilot and subsequently recognized as an essential and services that CIMH provides to its Members:
and permanent part of the flood-warning process in
England and Wales. “For the responder community, our •
training - for personnel from NMHSs and other
key target audience, the principle benefits are in accunational and regional stakeholder groups in order
racy, consistency and lead time,” said Ian Lisk, Head of
to improve their ability to integrate weather, climate
Natural Hazards at the Met Office. He continued, “By
and hydrological information into their planning
using a joint decision-making framework for flood and
and decision-making processes;
weather warnings we are speaking with a single authoritative voice and providing clarity for customers.”
•
local and regional scientific research and development - to inform regional decision-making
processes in order to ensure sustainable social and
economic development;
•

quality-control, management and archiving of
Member climate data; and

•

management and maintenance of the national and
regional hydro-meteorological observation and
early warning networks.

CIMH has expanded on these in recent years, through
the WMO Regional Climate Centre for the Caribbean
(a Demonstration Phase hosted at CIMH), by developing a range of climate products and services to
risk-inform decision-making systems in key climatesensitive sectors such as water-resources management,
agriculture and food security, disaster-risk reduction,
energy and health. Success in supporting the needs
of Member is expected to increase access to funding
from local, regional and international sources, which
will contribute to making these activities sustainable;
to building national and regional capacity, to reducing
economic losses through more resilient development
and to supporting sustainable social and economic
development.

Initially, meteorologists and hydrologists from the two
organizations would sit alongside each other and interpret forecasts separately. Then, a structured technical
development framework was established to provide
skills assurance for a single hydrometeorologist role.
This resulted in efficiency gains, greater agility when
floods occur and a varied programme of operational
and development work, which is more fulfilling for FFC
staff. “The successful partnership between two key
public sector agencies has seen the Flood Forecasting Dr. David Farrell, Principal, Caribbean Institute for Meteorology
Centre grow quickly to be a trusted adviser,” said & Hydrology, dfarrell@cimh.edu.bb
John Curtin, Director of Incident Management at the
Environment Agency. “Furthermore, with the centre as Finland
a catalyst, working relationships across the two organizations have flourished, connecting relevant teams and The Finnish Meteorological Institute (FMI) has several
joining-up communications leading to more efficient successful research and development partnerships,
use of resources.”
including with its customers. For example, Destia Inc,
a government-owned company responsible for road
By Dee Cotgrove, Executive Head of Media and Communications, construction and maintenance, received standard FMI
Met Office, dee.cotgrove@metoffice.gov.uk
road temperature, precipitation, humidity and wind
forecasts until a few years ago when the two estabThe Caribbean
lished a joint winter road maintenance centre at FMI
headquarters. There, from October to April, Destia
The Caribbean Institute for Meteorology and Hydrology operational staff work side-by-side with the FMI 24/7
(CIMH) deems its most important partnership to be forecasting staff. FMI is no longer just supplying Destia
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with the weather parameters. Instead, Destia gets
precise information on when and how they should
operate their 600 trucks and the amounts of salt that
will be needed. Destia has made considerable savings,
and the fluidity and safety of winter road traffic have
been enhanced. The photo below shows a winter road
maintenance truck.

and Basic Education, and ESKOM, the power utility
company, to erect a new school.

Prof. Petteri Taalas. Director General, Finnish Meteorological
Institute, petteri.taalas@fmi.fi

Norway
MET Norway’s most successful partnership is with the
Norwegian public broadcasting company NRK (Norsk
rikskringkasting AS). Together, MET Norway and NRK
launched what has become the world’s fifth largest
weather information website: Yr.no. While MET Norway
is responsible for the back-end system and data flow,
NRK is responsible for the front-end technology and
communicating the forecasts. The result is the most
technologically advanced, high-quality weather forecasts on the avant garde of communication and social
media trends.
By sharing data freely through Yr.no and organizing
communication between partners and the public
through a front line of staff who receive and analyze
the feedback, Met Norway has learned a great deal
about the quality of its data and the communication
of weather forecasts. This has led to improvements
in Met Norway numerical weather prediction models,
equipment and communications.
The free data policy and public feedback have given
Met Norway a better grasp of the public’s needs and
level of understanding. As a result, Met Norway scientists are concentrating on aspects of the forecasting
models and the weather forecasts that are of importance to the public.
MET Norway, Heidi Lippestad, Director for Organization and
Communication, heidil@met.no

In return for facilitating this partnership, SAWS was
allowed to build its radar station in this village. It now
employs some of the community youths and women
to provide security and cleaning services for the radar
station. SAWS is now able to provide coverage in
this vulnerable area for nowcasting and forecasting
purposes and is communicating accurate information
to local disaster management authorities.
Mark Majodina, Senior Manager - International Relations, South
African Weather Service, Mark.Majodina@weathersa.co.za

Global Ocean
Cargo ships typically have multinational crews, and
multinational partnership has proven successful in
maintaining the high-quality services they require.
Storm-driven winds and waves can have a major impact
on ocean transportation and operations. International
weather services and routing experts provide information to help ship crews anticipate and avoid dangerous
conditions, minimize cargo damage or loss, and take
the most favourable route.

Today’s marine weather forecasters use numerical
weather and wave prediction models, conventional
South Africa
ship and buoy observations, satellite imagery and satellite-derived ocean wind and wave data from on-board
The rural region in the Eastern Cape Province of South radar instruments called scatterometers and altimeters.
Africa is particularly susceptible to severe weather, thus Marine forecasters around the world use satellitethe South African Weather Service (SAWS) invested in sensed ocean winds data from the National Aeronautics
an S-band radar order to improve the forecasting capa- and Space Administration (NASA) Seawinds scatterbility in this area. SAWS identified a suitable location for ometer on the QuikSCAT satellite, the European Space
it in the poor and under-developed communal lands of Agency’s European Remote Sensing (ERS) -1 and -2
Highbury, a village with dilapidated mud schools and a satellites, and the European Advanced scattometer
high rate of unemployment. SAWS partnered with the (ASCAT) on Metop-A. Thus, the failure of the Seawinds
Highbury community, the Departments of Land Affairs on QuikSCAT resulted in the loss of wide-swath
coverage, reducing forecasters’ situational awareness
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of strong mid-latitude ocean storms and tropical
cyclones. Fortunately, around that time in September
2009, the Indian Space Research Organization (ISRO)
launched the second satellite in its ocean series,
OceanSat-2.
To help fill the gap left by QuikSCAT, experts from
ISRO, EUMETSAT (the European Organization for the
Exploitation of Meteorological Satellites), the Royal
Netherlands Meteorological Institute, NOAA and NASA
discussed the potential to optimize the new Indian satellite’s ASCAT data and share it in near real-time with the
global community. As a result of this very successful
partnership, OceanSat-2 successfully filled the gap, it
has been providing reliable and accurate ocean winds
to the operational community of marine meteorologist
and the oceanographic community for over four years.
Joseph Sienkiewicz and Ming Ji, Ocean Applications Branch,
NOAA/NWS Ocean Prediction Center, joseph.sienkiewicz@
noaa.gov and ming.ji@noaa.gov

Germany
Besides the public, nearly all of the key service users
with which DWD cooperates closely are German federal
or state authorities at various levels. DWD provides
them with relevant weather forecasts and warning data
as well as with climate information and user-tailored
services.

with high-quality meteorological and oceanographic
information. This information will support yield predictions in the fast-growing market of renewable energy
generation and comply with safety regulations at the
facilities. Another example is the use by Deutsche Bahn
AG, the railroad administration, of operational wind
forecasts for managing train operations.
Dr. Paul Becker, Vice President and Director Climate and
Environment, Deutscher Wetterdienst (DWD)
paul.becker@dwd.de

Argentina
Anticipating the Flood (Anticipando la crecida) is a
joint initiative of the Department of Atmosphere and
Ocean Sciences at the University of Buenos Aires,
the Research Centre of the Sea and Atmosphere, the
Franco-Argentine Institute for the Study of Climate and
its Impacts and the Argentine National Weather Service.
Its objective is to contribute to the management and
prevention of disaster risks associated with flooding by
heavy rains and sudestada events (strong south easterly winds) in the Metropolitan Area of Buenos Aires.
The initiative seeks to enable dialogue with various
stakeholders and governmental actors.
The project started in 2013 and concentrates on two
main activities: a) improving forecasts of sudestada
events and associated flooding by coupling hydrological and atmospheric models and integrating these
products into a GISS system; and b) working closely
with social scientists to understand the level of local
knowledge about this phenomenon. This includes
developing field surveys and interactive maps to depict
areas of risk and levels of vulnerability.
The interdisciplinary and intersectoral team that implements Anticipating the Flood has organized workshops
with neighbours and local stakeholders; professors,
researchers and students of meteorology, oceanography and social sciences; and engineers and other
professionals from various national institutions. The
aim is to improve communication among local communities, scientists and local and national authorities.

Cooperation with private companies usually relates
to the development of solutions for technical appli- The project has successfully brought together diverse
cations and distribution systems such as the Global actors, adapted meteorological forecasts to local
Information System Centre (GISC) that DWD provides necessities and facilitated access to information by
for the WMO Information System (WIS). However, tailoring it so that it can be easily understood and used
DWD has also cooperated with private companies on by stakeholders.
a few projects and activities. For example, DWD and
the German Maritime and Hydrographic Agency (BSH) Celeste Saulo, Director, National Meteorological Service (SMN),
are developing an operational support system for the celeste.saulo@gmail.com
North and Baltic Seas in order to provide a private business partnership in the offshore wind energy industry
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Murray-Darling Basin Authority

The Case for Extended
Hydrologic Prediction Services
for Improved Water Resource
Management

Murray-Darling Basin Authority

Fresh water is important for human life, economic
activity, ecosystem health and geophysical processes.
Over the first decade of the twenty-first century,
Australia weathered marked extremes, experiencing
its warmest period, with 2013 marked as its warmest
year since national records began in 1910. Hydrological
conditions in Australia are among the most variable on
Earth. Its streamflow regime can go through prolonged
periods of droughts such as the “Millennium drought”
that occurred between 1997 and 2000 across most parts
of eastern Australia. This variability has a profound
impact on the management of water resources in
Australia, and more specifically on the management of
risks related to water supply for urban, irrigation and
environmental needs.

The Murray and Darling rivers are two of the major
watercourses in the Murray –Darling Basin. The two rivers
meet at Wentworth, NSW
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Ryan Smith

By Narendra Kumar Tuteja, Environment and Research
Division, Bureau of Meteorology, Australia

The Murray-Darling Basin directly supports about 2 million
people within the basin and is the major source of water to
1.1 million people living in Adelaide (pictured), the capital of
South Australia, located outside of the basin
The Murray-Darling Basin is the nation’s food basket.
It extends over about 10º of latitude from central
Queensland to South Australia, covering over 1 million
square kilometres – 14% of Australia’s land area. It
directly supports about 2 million people within the
basin and is the major source of water to 1.1 million
people living in Adelaide, the capital of South Australia,
located outside of the basin. Over 90% of the area of
the Basin is under some form of agricultural management, mainly grazing (86%). It constitutes about 75% of
Australia’s irrigated land and contributes a significant
proportion of the national income from agricultural
production. Average runoff from the Basin is about
23 850 gigalitres (Gl)/year while average water use is
about 12 900 Gl/year. Inflows into the Basin during the
water year 2002/2003 were very low. It was the fifth
driest period on record and was followed by three years
– through to 2006 – that yielded below-average inflows.
At the start of the water year 2006/2007, inflows were at
record lows.

On 25 January 2007, following this prolonged period
of severe drought and facing rapidly diminishing
water supplies, the Australian Prime Minister issued A
National Plan for Water Security. The 10-point plan is
a commitment to improving the quality and coverage
of Australia’s water information, and includes delivery
of water-availability forecasts through the Extended
Hydrological Prediction (EHP) services of the Australian
Bureau of Meteorology.

•

How much loss to evaporation is likely?

•

Given the current hydrologic condition of the river
basin, how much water loss can be anticipated in
the water conductor system, and what is the likely
spatial distribution of the losses?

•

How much is the likely inflow – Next week? Next
month? Next season? And next year?

Key Challenges for Water Managers

•

What is the range of uncertainty of the likely inflow
and how best can this imperfect knowledge be integrated into water allocation and water delivery
planning?

At the operational end, water managers need to optimize available water resources and as best as possible
devise ways to meet demand pressures from urban,
rural and environmental sectors. Water demand across
large river basins varies in space and time, and water
managers need to make decisions at a range of time
scales – days, weeks, months and up to a few years,
depending on the broad envelope of wet and dry cycles
within different hydro-climatic regions. To address
long-term water security, decision-makers need to deal
with significant uncertainty about future climate and
demand from different economic sectors. The science
of climate change, in particular, is such that the accuracy of model predictions is limited by fundamental,
irreducible uncertainties. It would, therefore, be unwise
to rely purely on water availability projections made on
the basis of climate models and prudent to favour solutions across a range of possible climate futures within
some form of a robust risk assessment framework.
Prognosis of water availability at the time scale of days
to weeks to seasons, whilst not easy, is a more tractable
problem, at least in areas where there are demonstrable
skills in climate predictions. At weeks to seasonal time
scales, some of the questions faced by water managers
concern:
•

How much water is available in the dams and the
water conductor system?

•

How much is the water demand and what is its
spatial distribution?

•

How much are the water entitlements and what are
the associated priorities?

Water managers are generally very experienced and
invariably risk averse. They use innovative engineering methods to address issues relating to current
water availability (through water accounts) and water
demand. Robust methods also permit them to estimate evaporation and transmission losses. The key
unknowns, which remain a challenge for the water
managers, are the last two listed above, that is, likely
inflow and how best to use probabilistic forecasts for
operational planning. These types of issues can be
addressed through the EHP Services of the Australian
Bureau of Meteorology.

Murray-Darling Basin Authority

Under extreme dry conditions, water managers in both
rural and urban sectors face a number of challenging
questions on how best to augment water supplies,
which often involve significant capital investments and
operational costs, and on how best to share limited
and invaluable water supplies. Is a desalination plant
needed and/or a new dam? Or should existing dams be
augmented and, if so, to what size?

The mouth of the Murray is the only passageway to the ocean
for the water that falls in the Basin. The journey to the sea
is so long, hot, flat and windy, that only 4% of the rainfall in
the Basin will ever find its way to the sea; the rest is diverted
en-route for irrigation and agriculture, or evaporated by the
sun

EHP Services
A Seasonal Streamflow Forecasting Service has been
needed in Australia for many years, and the Australian
Government’s recent investment in water information is
addressing this need. Skilful and reliable seasonal forecasts of streamflows are highly valuable for providing
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water allocation outlooks, informing water markets,
planning and managing water use and managing
drought.
Seasonal forecasts of water availability can be
made using dynamical, statistical or hybrid modelling approaches (as shown above). The statistical
approach is based upon direct relationships derived
from observed data and from predictor indices. Many
climate indicators based on atmospheric pressure and
sea surface temperature (SST) anomalies have been
linked to future seasonal rainfalls. Such relationships
have been exploited to forecast streamflow several
months or seasons ahead. The Bureau launched a
new Seasonal Streamflow Forecasting (SSF) service
in December 2010 using the statistical approach. The
service delivers probabilistic forecasts of streamflow
volumes for the next three months at a site or total
inflows into major water supply storages.
In contrast, the dynamical approach for seasonal
water forecasting is to run dynamical climate models
to produce forecasts of rainfall and other climate variables, which are then fed into hydrological models to
produce streamflow forecasts. The term “dynamical
climate forecast” is used to refer to the application of
coupled oceanic and atmospheric general circulation
models for seasonal prediction purposes. We use rainfall forecasts from Predictive Ocean Atmosphere Model
for Australia (POAMA) in conjunction with published
historical analogue downscaling methods to derive
catchment-scale daily-rainfall forecasts. Downscaled
seasonal rainfall forecasts, from the aforementioned
models, are used as inputs to conceptual rainfall-runoff
models, which can be of varying levels of complexity.
One month and three month dynamic forecasts at 38
catchments across Australia are now available to registered users of the Extended Hydrological Prediction
Services.
The performance of the current statistical and new
dynamic streamflow forecasts varies depending on the
location and forecast period. Because the statistical and
dynamical modelling approaches are complementary,
merging the two forecasts means the merged forecasts are likely to be more accurate and reliable than
either of the individual forecasts alone. The Bureau will
merge the statistical and dynamic forecasts for both
one-month and three-month streamflow volumes and
release the upgraded forecast products to the public in
2015.
Hydrologic Reference Stations provide access to a
wealth of information for 221 high-quality streamflow
data series. Key site selection criteria included that the
gauging station has more than 30 years of records, is
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regularly rated and is affected by minimal river regulation, land use change or other factors that influence
the hydrological data quality. Stakeholder consultation has verified the high quality of these data series
and their suitability for assessing long-term variability
and trend. Streamflow can be viewed at daily, monthly,
seasonal and annual timescales, with accompanying
trend analyses and statistical summaries. The Bureau
intends to use these sites for assessment of water availability impacts from long-term climate variability. The
Hydrologic Reference Stations dataset, as well as a
range of graphic products describing long-term trends
are available from the Bureau’s website (www.bom.
gov.au/water/hrs).

Seasonal streamflow forecasts for target catchments in
Victoria.
The Bureau is developing a Short-term Streamflow
Forecasting Service. It is currently available to registered users, and streamflow forecasts at 39 catchments
at sub-daily time scale with a lead time of up to seven
days are provided to assist river managers with decision-making. These forecasts are designed for assisting
water managers for operating storages, designing environmental watering hydrographs and flood guidance.
The Bureau’s EHP services are already making a
difference in water information across Australia, for
example, in planning for water restrictions, in timing
releases from storages, for environmental watering
planning scenarios, etc. Water managers are using
these forecasts to various degrees for improved decision-making. Short-term forecasts are now provided to
water managers at 69 locations in 39 key water supply
catchments, while seasonal forecast service extends to
74 catchments are available to the public and 113 catchments are available through a registered user access.
These catchments spread across all jurisdictions and
many key water agencies such as the Murray Darling
Basin Authority; Melbourne Water and Goulburn
Murray Water in Victoria; State Water Corporation
and Office of Water in New South Wales; Icon Water

in the Australian Capital Territory; Hydro Tasmania and
Department of Primary Industries, Parks, Water and
Environment in Tasmania; and Department of Water and
Water Corporation in Western Australia. Similar water
agencies as well as many catchment management
authorities in the Murray-Darling Basin also use EHP
services on ongoing basis for their decision-making.

modelling and service delivery systems, meeting data
quality assurance and control challenges, expansion of
service coverage across Australia, communication of
forecast performance and increased adoption of forecast products.

The Hydrologic Reference Stations datasets are
now used by most research groups in Australia for
addressing important questions relating to water
availability and its relationship with climate and ecohydrology. The Hydrologic Reference Stations datasets
are also available through the Global Runoff Data
Centre, which operates under the auspices of WMO.
With increasing pressure on water resources and
imbalances between demand and supply, we expect
the adoption of EHP services to increase many times
over in the years ahead.

A Cooperative Approach
Development of the EHP services is a challenge. It
requires a cooperative approach, and it involves some
of the following steps:
Seasonal streamflow forecasting approaches
•

a comprehensive user needs analysis;

•

research and development support across many
areas of climate, hydrology and broader environmental sub-disciplines;

•

robust operational modelling tools and web-based
service delivery systems;

•

communication and adoption strategy and implementation plan;

•

service delivery; and

•

ongoing engagement with stakeholders whilst
progressively enhancing the service benchmarks.

No single agency can achieve this capability on its own
and a cooperative partnership model is necessary to
achieve successful outcomes. A large team of scientists
from the Bureau, the Commonwealth Scientific and
Industrial Research Organisation (CSIRO), the Centre
for Advanced Weather and Climate Research (CAWCR)
and the university sector have worked cooperatively to
enable development of the EHP services in Australia.

To learn more about seasonal
streamflow forecasting, watch the
Australian Bureau of Meterology’s
video
Seasonal
Streamflow
Forecasts: A Vital Water Management Tool.
Acknowledgements and references are available in the online
version

Ongoing support and advice from water agencies
responsible for water regulations, delivery and environmental planning has shaped the EHP of Australia.
Future work will focus on the improvements in science,
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Susannah Anderson

Monitoring Ocean Carbon and
Ocean Acidification

By Toste Tanhua1, James C. Orr2, Laura Lorenzoni3 and
Lina Hansson4

Atmospheric carbon dioxide (CO2) concentration has
increased by 42% since the onset of the industrial revolution due to emissions from fossil fuel burning, cement
production and land-use change, as reported in the
WMO Greenhouse Gas Bulletin No. 10. As of 2010, the
oceans had absorbed an estimated 155 ± 30 petagrams
(Pg, 1 petagram = 1015 grams-force) of anthropogenic
CO2 [Khatiwala et al., 2013], the equivalent of 28% of the
total CO2 emissions during the same time. This factor
limited the increase of CO2 in the atmosphere. Although
this ocean CO2 uptake reduces climate change, it also
comes with potentially severe consequences for ocean
chemistry and biology. 1 2 3 4
Since the beginning of the industrial era, human
activity has added 4 kg of carbon dioxide per day per
person on average to the ocean. This anthropogenic
CO2 reacts with water to form an acid. As atmospheric CO2 continues to increase, more and more CO2
enters the ocean, which reduces pH (pH is a measure
of acidity, the lower the pH, the more acidic the liquid)
in a process referred to as ocean acidification. Along
with the increase in acidity (higher concentrations
of hydrogen ions, H+), there is also a simultaneous
decrease in concentrations of carbonate ion (CO32-).
Reductions in CO32- reduce the chemical capacity of the
ocean to take up further CO2 while also degrading the
ability of some marine organisms to produce and maintain shell and skeletal material.
Declines in surface ocean pH due to ocean acidification
are already detectable and accelerating. Measurements
1

GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany

Laboratoire des Sciences du Climat et de l’Environnement, CEA-CNRSUVSQ, Paris, France; Ocean Acidification International Coordination
Centre, Monaco
2

3

University of south Florida, St. Petersburg, Fl, USA

4

Ocean Acidification International Coordination Centre, Monaco
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gathered at biogeochemical time-series sites around
the world reveal similar decreasing trends in ocean pH
(reductions between 0.0015 and 0.0024 pH units per
year), but datasets are only available for the last few
decades. To estimate earlier changes, scientists have
used both models and data-based extrapolations. Both
approaches converge to indicate that since 1860, the pH
of the ocean surface has dropped from 8.2 to 8.1, corresponding to a 26% increase in H+. The present rate of
change can be put into context by looking at the paleoclimatic record. The current change appears to be the
fastest in at least 300 million years, with the fastest
known natural acidification event – occurring 55 million
years ago – being probably ten times slower.
Under most emission scenarios, Earth system models
project an acceleration in acidification at least until midcentury. When forced by the latest scenarios from the
Intergovernmental Panel on Climate Change (IPCC),
Earth system models that participated in Phase 5 of
the Coupled Model Intercomparison Project (CMIP5)
consistently indicated that reductions in surface pH will
depend almost solely on the atmospheric CO2 pathway
that will be taken. Between 1850 and 2100, under the
most conservative IPCC scenario for the trajectory of
greenhouse gas concentrations, the decline in globalmean surface pH among models ranges from 0.12 to
0.14, a 36% increase in acidity; under the worst scenario,
it ranges from 0.41 to 0.43, a 165% increase in acidity.
Enhanced ocean CO2 uptake alters the marine carbonate
system, which controls seawater acidity. As CO2
dissolves in seawater it forms carbonic acid (H2CO3),
a weak acid that dissociates into bicarbonate (HCO3-)
and hydrogen ions (H+). Increased H+ means increased
acidity (lower pH). But pH is not the only concern. The
rate of the ocean’s acidification is slowed by the presence of CO32-, which binds up most of the newly formed
H+, forming bicarbonate. But that buffering reaction

Despite remarkably consistent projections for changes
in surface ocean pH, there is less agreement among
models about the magnitude of subsurface changes.
Furthermore, current Earth system models have coarse
resolution and are not designed to study changes in the
coastal ocean where other anthropogenic influences
can also affect changes in pH.

Biological impacts
The potential consequences of ocean acidification on
marine organisms are inherently complicated. The first
studies concentrated on calcifying organisms, such as
mollusks, corals, coralline algae, and some plankton,
because their ability to build shell or skeletal material
(via calcification) was shown to depend on the abundance of CO32-. But there is another concern that changes
in ocean pH could affect physiological processes that
depend on stable intracellular chemistry. For example,
marine organisms would have to use more energy to
regulate chemistry within their cells, which would result
in less energy available for other biological processes
such as growth or reproduction.
In the last decade, there has been an exponential growth
in research and publications aimed at assessing the
effects of elevated CO2 on marine organisms. Doubling
every 2 or 3 years, the number of annual publications
focused on ocean acidification reached 540 in 2013 (IAEA
OA-ICC bibliographic database). In 2013, ThompsonReuters labelled ocean acidification the number one
research front in Ecology and Environmental Sciences.
Although encouraging, such growth has made it more
and more difficult to synthesize results. Scientists have
recently moved to using a statistical technique known
as meta-analysis to quantitatively summarize results

from hundreds of studies by extracting mean trends
in responses and experimental variability about the
means. One meta-analysis indicated that a pH reduction of up to 0.5 units lead to significant reductions
in survival, calcification, growth and development,
resulting in scarcity across a wide range of organisms, but that responses differ greatly between groups.
Another meta-analysis demonstrated that some groups
(echinoderms, bivalves, gastropods, and corals) show
harmful effects at much lower CO2 levels than others
(crustaceans and cephalopods). The same study
revealed that negative effects from acidification were
also observed on the brain function and behaviour of
fish.
Most of the research conducted to date has focused
on responses at the individual level, but some have
captured multiple organisms for weeks or months at a
time in large containers (mesocosms) that either float in
a water column or are fixed above bottom sediments.
Mesocosm chemical conditions can be manipulated
to match what is projected for the future, enabling
researchers to study future potential effects of ocean
acidification on the organisms tested. Another promising approach has been to study the long-term effects
of acidification on entire ecosystems by exploiting
natural sites where pure CO2 has been found to bubble
out of the seafloor. In one such study, near Mt. Vesuvius
in the Bay of Naples, the CO2-enriched, low-pH region
showed much less biodiversity than adjacent regions,
(e.g., many fewer calcifiers), and the shells that did
exist were found to be more fragile. These long-term
acidification ecosystems effects are consistent with
what has been observed from short-term lab and field
experiments on individual organisms.

Susannah Anderson

consumes CO32-, reducing the chemical capacity of the
near-surface ocean to take up more CO2. Currently, that
capacity is only 70% of what it was at the beginning of
the industrial era, it may well be reduced to only 20%
by the end of the century. The same models project that
CO32- concentrations will reach levels that are so low
by mid-century that tropical coral growth may become
unsustainable. In the cold polar oceans, where CO32is naturally less abundant, CO32- concentrations have
already begun to dip below a critical level in which
waters become corrosive to the calcium carbonate
(CaCO3) mineral known as aragonite – the main component of marine shells and skeletons. By the end of the
century, these corrosive conditions are predicted to
expand throughout the polar oceans, causing concern
for the fate of organisms such as pteropods – snails –
that secrete aragonite to build their shells, and for food
security, as many economically important organisms
depend on availability of CO32- to survive.

Initial studies on potential consequences of ocean acidification
on marine organisms first concentrated on calcifying organisms,
such as mollusks, because of their ability to build shell or
skeletal material (via calcification) and their dependency on the
abundance of carbonate
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Positions of time-series stations
featured in this article (red dots),
and the position of the section
showed on page 50 (gray line)

Feedbacks and other stressors
Ocean acidification is occurring along with other
large-scale changes, such as warming, increasing stratification (in the ocean, stratification, or water density
distribution, is governed mainly by variations in water
temperature and salinity) and reductions in subsurface
oxygen concentrations, all related to climate change.
Warming and stratification generally have little effect
on acidification. Warming counteracts less than 10%
of the change from CO2 increase due to the carbonate
chemistry and solubility of CO2. But freshening from
enhanced ice melt does worsen projected acidification, especially in locations where the rate of ice loss is
significant, such as in the Arctic.
The largest feedback of ocean acidification on climate
(via atmospheric CO2) is chemical. Increases in CO2
reduce CO32-, which in turn reduces the ocean’s capacity
to buffer further increases in CO2. For a 1 part per million
(ppm) increase in atmospheric CO2, today’s associated ocean carbon uptake is only 70% of the capacity
it had at the beginning of the industrial era. If atmospheric CO2 doubles from its pre-industrial level to 560
ppm, ocean carbon uptake will only be at 40%, and if it
reaches 800 ppm, it will only be 26%. Other feedbacks
are uncertain but much smaller.
In coastal regions, there will also be additional stresses
acting more locally, for example, eutrophication (excessive amounts of nutrients which stimulate rampant
algae growth that deplete water of oxygen as they
die and are eaten by bacteria), enhanced freshwater
delivery and atmospheric deposition of anthropogenic
nitrogen and sulfur. It remains a challenge to address
how biological impacts differ when multiple stressors
act together or individually.

Changes in ocean carbonate chemistry
The decreasing pH and increasing pCO2 trends due
to uptake of anthropogenic carbon are observable in
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the ocean. As anthropogenic CO2 enters the ocean at
its surface, the trends should be strongest there, but
the signal tends to be masked by large temporal variability, mainly in the form of seasonal cycles, though
both longer and shorter variability are present. Thus,
time-series of relatively frequent observations and
considerable length are needed to observe such trends.
There are a few sustained ocean-time-series observations around the globe which provide the long – at
least 10 years of measurements – temporally-resolved
datasets needed to characterize changes in ocean
biogeochemistry and ecosystems. The stations where
these time-series are collected (see globe above) are to
be representative of the larger ocean regions.
At all locations, surface pCO2 has increased and pH
has decreased with time due to the rise of anthropogenic CO2 (see graph below). To assess such change,
we deseasonalized the surface data using the procedures recommended by the WMO Global Atmosphere
Watch (GAW) and fitted them with a linear trend over
the range of measurements to provide comparable
decadal changes for each station. While there are
seasonal and inter-annual variations in CO2 dissolved in
ocean water, pCO2, this has increased at a rate of 1.3
to 2.8 microatmospheres (µatm) per year (for comparison, the atmospheric content increased at an average
rate of 2.1 ppm per year during last 10 years), while
ocean surface pH has decreased during the period of
observations at an average rate of -0.0013 per year to
-0.0024 per year, depending on the location. The rate
of these changes depends not only on the chemistry,
but also on other, both physical and biological, factors
particular to each region. ESTOC, HOT and BATS (see
figures on page 50), the rates of increase in surface
pCO2 match the rise in atmospheric CO2 concentration - at DYFAMED those changes are impacted by the
changes in the Mediterranean circulation. At CARIACO,
change of surface pCO2 was one of the highest measured, which can be attributed to warming of surface
waters linked to a reduction in upwelling that leads
in turn to lower biological productivity. The sub-polar

time-series displayed some of the highest temporal
variability, caused in part by the large seasonal differences in temperature and biological productivity.

Time series of de-seasonilized surface ocean pH
measurements and trend lines. The position of the time-series
stations are shown on the globe (bottom of next page). pH is
on total scale for in-situ temperatures
Time series of de-seasonalized surface ocean pCO2
measurements and trend lines
While we focus here on surface observations, a large
portion of the water column is being affected by the
anthropogenic carbon uptake and associated changes
in ocean chemistry. The largest signal of pCO2 increase
and ocean acidification is typically encountered in the
surface ocean, but the main long-term control mechanism for ocean uptake of anthropogenic carbon is the
transport from the surface mixed layer to the ocean.
This is typically regulated by physical processes that
“ventilate” the ocean. Currently, changes in deeper
(below surface) ocean carbonate chemistry, such as in
dissolved carbon and pH trends, can only be assessed
by repeatedly collecting measurements from ships
across the same ocean sections. For that, a global-scale
network of cruises must be repeated roughly every
decade. The lower frequency of sampling is because
the deeper ocean is much less variable than the ocean
surface; however, corrections for small-scale variability,
such as eddies, are still needed.

Currently, few conduct regular CO2 observations in
the ocean, and several major ocean regimes have no
systematic carbon measurements at all. Maintaining
sustained measurements in the ocean is a logistical
challenge, particularly for developing countries, and
this poses significant obstacles to quantify trends in
ocean acidification and carbonate chemistry. Close
monitoring of the ocean uptake of CO2 is important for
the understanding of the global carbon budget – Where
does the fossil fuel CO2 end up? Today, only a few
ocean provinces are covered by systematic continuous
observations, impeding understanding of temporal
and spatial variability and trends of the carbon uptake
by the ocean. CO2 observations from ocean stations,
together with surface and interior ocean measurements
from ships, need to be sustained and extended.
A new international effort, the Global Ocean Acidification
Observing Network (GOA-ON; www.goa-on.org) is
striving towards this goal.
References are available in the online version

The increase in dissolved inorganic carbon
(DIC) throughout the water column due to
the uptake of anthropogenic CO2 along a
section from the Caribbean to Portugal.
Measurements of DIC are used to assess the
global uptake rates of anthropogenic carbon
(Cant) but require accurate data, such as those
available through large-scale data compilations known as GLODAP or CARINA
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Is the Ozone Layer on the
Mend?
Highlights from the most recent WMO/UNEP
Geir Braathen

Ozone Assessment

By WMO Secretariat1

The 2014 Ozone Assessment provides the latest update
of the current state of the ozone layer and makes
predictions on when the ozone layer will return to
1980 values. In the northern middle latitudes (35-60°N),
total ozone is now about 3.5% less than it was in the
period from 1964-1980. At southern middle latitudes
(35-60°S), it is about 6% less. The larger depletion in the
Southern Hemisphere is linked to the Antarctic ozone
hole. Following the decline in total ozone during the
1980s and 1990s, the situation has stabilized since 2000.
Hidden under the inter-annual variability, there are indications of a small increase in recent years, but it is not
statistically significant. At around 40 km altitude there
are signs of a more clear recent increase in ozone, but
the statistical significance of this increase is subject to
further studies in the science community. 1
The Montreal Protocol on Substances that Deplete the
Ozone Layer, signed in 1987, has been successful in
that the amount of chlorofluorocarbons is now slowly
diminishing. A common misunderstanding, however, is
the belief that the ozone problem has been solved and
the ozone layer is back to its original state. The truth is
that the atmosphere still contains more than enough
chlorine and bromine stemming from ozone depleting
substances (ODS) to cause the total destruction of ozone
in the 14-20 km altitude range in the Antarctic stratosphere. A commonly used metric for the atmospheric
burden of ODS is Equivalent Effective Stratospheric
Chlorine (EESC), which takes into consideration the
combined effect of chlorine and bromine. From its peak
value of 3.79 parts per billion (ppb) in 2000-2002, it has
now come down to 3.45 ppb, a decrease of 9.0%. It will
take several decades for the value of EESC to come
down to its 1980 level of 2.05 ppb – 1980 is often used
as a baseline since it was around this time that the first
Antarctic ozone hole appeared.
1

Geir Braathen, Atmospheric Research Programme, WMO
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History of the Ozone Assessment
In the early 1970s, scientists started publishing warnings about possible dangers to the ozone layer from
human activities. The first danger identified involved
nitrogen oxide (NOx) emissions from a planned fleet of
supersonic passenger aircraft, such as the Concorde.
Not long after came warnings about the hydrochloric
acid emissions from the rocket engines on the NASA
Space Shuttle. Then, in 1974, the now famous paper
by Sherwood Rowland and Mario Molina warned that
chlorine released from chlorofluorocarbons (CFCs)
could destroy ozone in the stratosphere.
These warnings led WMO to take the initiative in 1975
to conduct the first international assessment of the
state of the ozone layer. In 1977, the United Nations
Environment Programme (UNEP), in collaboration with
WMO, established the Plan of Action on Ozone Layer.
In 1981, what has become the WMO/UNEP Scientific
Assessment of Ozone Depletion was first published; it
was followed by others in 1985, 1988, 1991 and 1994.
Prepared in collaboration with many national environmental agencies, the Assessments have since been
released every four years until the most recent issue
published in 2014. One of the missions of the WMO
Global Atmosphere Watch Programme (GAW) is to
contribute to such scientific assessments in support of
environmental policy.

Why is there more ozone loss in the polar
regions?
The Antarctic ozone hole continues to occur each
spring, which is as expected given the current ODS
abundances. Every year from August to November
the Antarctic stratosphere witnesses substantial ozone
loss.

GAW observations of total column ozone
and vertical distribution of ozone provide
essential data for the assessment of the
state and evolution of the stratospheric
ozone layer – Above, GAW stations that
measure total column ozone that have
submitted data after 1 January 2012. The
data are stored and openly accessible at the
World Ozone and UV radiation Data Centre,
which is hosted by Environment Canada in
Toronto

The Arctic can also experience substantial stratospheric
ozone loss, although not to same degree as Antarctica.
Whereas severe ozone loss happens every winter and
spring in the South, this is not the case in the North.
This can be explained by the different meteorological
conditions in the Arctic and Antarctic stratosphere. The
Arctic can experience a cold stratospheric winter some
years, but there are some mild winters in between. In
Antarctica, on the other hand, every winter is cold. The
Arctic stratosphere in the winter and spring of 2011 was
particularly cold, and this led to substantial ozone depletion as expected under such conditions. The degree of
ozone loss in the Arctic in 2011 was comparable to the
ozone loss observed in Antarctica around 1982/1983 –
the ozone hole in Antartica grew more severe over the
20 years that followed.

Ozone profile measured at the German Neumayer station in
Queen Maud Land in Antarctica on 15 October 2014. One can
see that essentially all the ozone is depleted in the 14-21 km
altitude range, with only 9 Dobson Units remaining in this
altitude range
How can one explain that there is more ozone depletion in the polar regions than at middle latitudes? It is
due to the differing meteorological conditions and to
the occurrence of polar stratospheric clouds. The stratosphere is very dry compared to the troposphere, with

around only 5 ppm of water vapour. Therefore, clouds
are rarely observed in the stratosphere. However, if it
gets cold enough, below -78°C, it is possible for clouds
to form in the stratosphere. Such low temperatures
occur only in the polar regions, and to a much larger
extent in the South than in the North.

Polar stratospheric clouds – which occur more frequently in
the South than North – initiate chemical reactions that convert
inert reservoir gases (HCl and ClONO 2 ) to active chlorine (ClO)
that destroys ozone through a catalytic cycle. In this way, a
single chlorine molecule (Cl2 ) can destroy thousands of ozone
molecules through a catalytic cycle. This explains why a few
parts per billion of chlorine can destroy several parts per
million of ozone (Diagram: Finn Bjørklid, Norwegian Institute
for Air Research (NILU))

Will the ozone layer recover?
Under full compliance with the Montreal Protocol, the
ozone layer will slowly return to its original state, that
is, its state before 1980. This recovery is expected to
occur before the middle of the twenty-first century in
mid-latitudes and the Arctic, and somewhat later over
the Antarctic.
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The evolution of the ozone layer in the second half of the
century will largely depend on the atmospheric abundances of the long-lived greenhouse gases – carbon
dioxide (CO2), nitrous oxide (N2O) and methane (CH4).
Increasing CO2 and CH4 will elevate global ozone levels,
whereas increasing N2O will deplete them since N2O is
a source of nitrogen oxides (NOx) in the stratosphere.
In the tropics, significant decreases in column ozone are
projected during this century due to a strengthening of
the Brewer-Dobson circulation driven by increases in
long-lived greenhouse gases, such as CO2, N2O, and
CH4.

Can we do more to speed up the recovery of
the ozone layer?
By and large the Montreal Protocol works, and the global
community has done a lot to phase out and recover
ODS. Additional, but limited, options are available to
further reduce future ozone depletion. One matter of
debate among the Parties to the Montreal Protocol is
the so-called “banks” of ODS stored in old equipment
that has not yet been recovered and destroyed, such as
old refrigerators that have been discarded without recycling. This old equipment will slowly deteriorate, and
eventually the ODS inside will leak into the atmosphere
and slow the healing of the ozone layer. Emissions from
the current banks are projected to contribute more to
future ozone depletion than those caused by future ODS
production, assuming compliance with the Protocol.

Geir Braathen

Another hot topic in the Montreal discussions is the
recent discovery that the atmospheric abundance of
carbon tetrachloride (CCl4) does not decline as fast as
expected from reported emissions. Inverse modelling,
using the observed abundance in the atmosphere, indicates emissions much larger than those reported by the
Parties to the Montreal Protocol. This means that there
is an unknown source of CCl4 somewhere. This shows
the importance and usefulness of atmospheric measurements as an independent mechanism of verification
of compliance with environmental treaties.

Polar stratospheric clouds typically forms in leewaves when
there is a strong wind at all altitudes that passes over a
mountain chain. In such leewaves, the temperatures can drop
well below -80°C or even -90°C. On the ice crystals in these
clouds chlorine-containing reservoir gases can be converted
to active chlorine that destroys ozone
Total column ozone annual mean anomalies for different data
sets. Anomalies are with respect to the 1998 to 2008 mean
of each individual data set. Top left: 20°S–20°N (tropics), top
right: 35°N–60°N (Northern Hemisphere), bottom left: 35°S–
60°S (Southern Hemisphere). Coloured lines give observed
results from ground based and satellite data sets. Gray line and
gray range give multi-model mean and ±2 standard deviation
range of annual mean anomalies simulated by several models
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Replacement compounds
When it became clear in the mid-1980s that CFCs were
responsible for the Antarctic ozone hole and would
have to be banned, the chemical industry quickly
invented new compounds that were less noxious to the
ozone layer. These replacement compounds, such as

hydrochlorofluorocarbons (HCFC), typically have 10%
of the capacity of CFCs to destroy ozone due to their
much shorter lifetime in the atmosphere. Replacing
CFCs with HCFCs gained time, but HCFCs will also have
to be phased out and will be entirely banned by 2040
under the Montreal Protocol.
Hydrofluorocarbons (HFCs), another replacement
compound, do not contain ozone-destroying chlorine
or bromine, but they are potent greenhouse gases.
Their atmospheric concentrations are still very low,
but increasing rapidly, and they will exacerbate global
warming in the future if nothing is done to limit their
use. Intense discussions are under way as to whether
HFCs should be banned by the Montreal Protocol as
they do not destroy ozone. These compounds were
developed in order to solve one problem, CFCs, but are
contributing to another, global warming. Meetings of
the Parties to the Montreal Protocol are planned later
this year in order to try to find a solution to the threat
posed by HFCs.

A long way to go
Thanks to the Montreal Protocol the atmospheric abundance of CFCs are going down. Total column ozone is
showing the first hints of a turn-around, but it is not yet
statistically significant. Ozone at 40 km shows a clear
increase in recent years, but the statistical significance
of this increase is still a matter of investigation.

Learn more
There are other important issues related to the ozone
layer and the Montreal Protocol. More detailed information is available on the following web pages:
•

Global Atmosphere Watch
www.wmo.int/pages/prog/arep/gaw/ozone/index.
html

•

The WMO/UNEP Ozone Assessment
http://www.wmo.int/pages/prog/arep/gaw/
ozone_2014/ozone_asst_report.html

•

WMO Antarctic Ozone Bulletins
http://www.wmo.int/pages/prog/arep/
WMOAntarcticOzoneBulletins2014.html
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Making Meteorological
Services more Beneficial to
Farmers
By Stella Aura1, Nzioka John Muthama2, Fredrick
K. Karanja3, Samuel Kahuha4, Bernard Chanzu5 and
Stephen King’uyu6

Some 842 million people worldwide cannot afford
to eat adequately and are chronically hungry. The
links between food insecurity and poverty are clear.
Factoring weather and climate information into agricultural decision-making has optimized agricultural
production in many countries. However, in developing
countries – where most smallholder farms are rain-fed
– access to weather and climate information to guide
decision-making is limited. Governments should view
such information, crucial to farmers, as a means of alleviating poverty and hunger. 1 2 3 4 5 6
The situation persists because National Meteorological
and Hydrological Services in developing countries,
including the Kenya Meteorological Department, do not
receive sufficient funding to cover the cost of providing
such services. This could be due to a lack of government awareness of the contribution of meteorological
services to national socio-economic development. This
lack of awareness exists even though governments face
major challenges and constraints in agriculture, water
resources management, health and disaster risk reduction, among others, all of which are heavily influenced
by weather and climate.

Despite occurrences of drought with attendant crop
failure and occasional famine, flooding with the attendant loss of human life and destruction of property and
the impacts of other phenomena on socio-economic
development, there has been very limited research
done to quantify the benefit of weather and climate
information and services. The Kenya Meteorological
Department took a step to fill this research gap by
conducting a pilot project between 2008 and 2009
to investigate the socio-economic benefits of using
weather and climate information and services in agriculture, specifically maize production.
Agriculture is key to the development of Kenya, contributing directly and indirectly to over 50% of the Gross
Domestic Product (GDP). A significant fraction of
government revenue is allocated to achieving food
security in the country, thus, agriculture is given special
emphasis in national development policies and strategies, including the Poverty Reduction Strategy Paper
and Kenya Vision 2030.

Implementing the project

Kenya Meteorological Department, Senior Assistant Director, Business
Support Services, email: kahuha@meteo.go.ke

The pilot project included workshops to brainstorm
on implementation; involvement of stakeholders in
the implementation and discussion of the results of
the study; a baseline survey; training for farmers; and
monitoring and evaluation of the project activities on
the demonstration plots (experimental and control
plots). Data-capture tools were developed in a multidisciplinary and participatory process, and they were
pre-tested to ensure good quality. The site selection
criteria was based on:

Kenya Meteorological Department, Assistant Director, Forecasting
Services, Email: shanzu@meteo.go.ke

•

Kenya Meteorological Department, Principal, IMTR/ WMO RTC, email:
aura@meteo.go.ke
1

University of Nairobi, Department of Meteorology, email: jmuthama@
uonbi.ac.ke
2

University of Nairobi, Department of Meteorology, email: fkaranja@
uonbi.ac.ke
3

4

5

Ministry of Environment, Water and Natural Resources, Coordinator
Kenya National Climate Change Action Plan, Climate Change Secretariat;
email: Stephen.kinguyu@environment.go.ke
6

56 | WMO Bulletin 64 (1) - 2015

Farm representativeness of the general climatic
zone;

•

Medium/subsistence farm as opposed to largescale commercial farm;

•

Farm distance to meteorological station;

•

Farm distance to the offices of the Ministry of
Agriculture / Kenyan Agricultural Research Institute;

•

Farm distance to a main road for easy access;

•

Farmer whose main occupation is farming; and

•

Farmer with at least a basic education.

The two demonstration farms chosen for the pilot
project were in Nakuru, a sub-humid agro-climatic
zone, and Machakos, a semi-humid to semi-arid zone.
Each farm had a control and experimental plot of
one acre. In the control plots, the farmers continued
their normal practice, devoid of weather information,
whereas meteorological information and services from
the Kenya Meteorological Department were included in
decision-making processes in the experimental plots.
The farmers received updated weekly, monthly and
seasonal weather and climate forecasts.
Workshops and site visits by the Project Research
Team improved the farmers’ ability to interpret and
use weather information for maize crop production.
The farmers were instructed to keep records of times
of planting, weeding, plant stages of reproduction and
yields. Various forms and registers for capturing information were availed to them.

Results of the baseline survey
The baseline survey was conducted in three regions of
Kenya: Kakamega, Nakuru and Machakos where the
source of household income is crop farming (62%). The
majority of the 397 respondents (61.1%) indicated that
they were willing to spend money on weather information, including on value-added products.
Some 51% indicated that they used seasonal weather
forecasts, while 32% used daily forecasts. This suggests
that easy access and timely provision of accurate
weather and climate forecasts is an essential service for
83%, hence the need for awareness creation to attract
more government funding for such services.

Results of the pilot
The pilot quantified the socio-economic benefits of the
meteorological information and services provided to
the maize producers using a Cost-Benefit Ratio (CBR)
technique.

The analysis indicated that the project posted an overall
profit of 39% in Machakos county and 110% in Nakuru
county.
At the plot level, the Cost-Benefit Ratio values, representing the benefit of using weather information and
services, were 1.64 for Machakos and 2.38 for Nakuru.
This, in effect, indicates that for every shilling (Sh)
invested, a return on investment of between Sh. 1.6
and 2.4 could be realized in maize farming in the study
areas, implying that the use of weather information was
beneficial to the project farmers. Studies in other countries have shown that the cost-benefit ratio of a national
meteorological service is around 1:4 to 1:6.
These results clearly indicate that there are socioeconomic benefits derived from using meteorological
information and services in the agricultural sector in
Kenya.

Project benefits
Since the end of the project in 2009, several benefits
have been realized. The agriculture sector continues
to be fully involved in post-project activities. One of
the major impacts of the project is the continuous
interactions and involvement of this sector with the
National Meteorological Service. This is contributing
to the growing confidence in the use of meteorological information for planning and operations within the
agriculture sector in Kenya.
The farmers that were involved in the project have
become user-community weather-information champions in their local areas. Through their informal
networks, they are influencing other farmers to regularly use meteorological information and services in
their decision-making.
Over the last five years, the project team has been
sharing its experiences and project results in conferences and assisting with the implementation of similar
projects in other countries. The project has enhanced
operational research knowledge and benefit quantification skills at Kenya Meteorological Department.
As a result of the project, a sustainable network of
collaborating stakeholder institutions, experts and
users was established to promote and sustain the beneficial use of weather information in Kenya.

Further studies needed
The project findings indicate that weather and climate
services have the potential to significantly enhance
agricultural production, improve food security and
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contribute further to the GDP of developing countries. This is in line with the aspirations of the Global
Framework for Climate Services (GFCS). But more
research on the quantitative nature of the weather
forecasting processes is necessary. Further investigation would confirm the socio-economic benefits of
providing weather and climate products and services
in the structured decision-making of farmers. Climatesmart technologies to enhance operational climate risk
management in agriculture and other economic sectors
need to be adopted and the GFCS offers the opportunity to do just that.

Rain gauges and measuring jars were installed in the
demonstration plots

products and services to better address all the post2015 agenda issues, particularly food security.
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Training on how to complete a rainfall register
2015 marks the target date for achieving the Millennium
Development Goals and a post-2015 sustainable development agenda is expected to be adopted by United
Nations Member States at the Special Summit on
Sustainable Development in September. It is envisaged that the post-2015 agenda will tackle many issues,
including ending poverty and hunger, improving
health and education, making cities more sustainable,
combating climate change, and protecting oceans and
forests. Improved quantification and understanding of
the socio-economic value of meteorological products
and services will contribute to enhanced use of such
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US$5 Million International
Research Grant Launched

United Arab Emirates Research Program for Rain Enhancement Science Calls for International
Submissions
The world’s population is expected to increase by a further three billion by 2050 – and 90% of that growth will be in
developing countries that currently rely on existing water supplies and rainfall for food and water. The projected
population growth will most likely bring global water supply to a crisis point.
Throughout history, rain enhancement has always been high among human aspirations, especially in arid and
semi-arid regions. More recently, atmospheric scientists have started to explore the possibility of augmenting
water supplies through water enhancement science. Scientists around the world agree that that rain enhancement, hail suppression and fog dispersion hold real potential – and are integral to any water resource management
strategy.
In the United Arab Emirates (UAE) water security is one of the most important issues. The UAE is an arid country
with less than 100 millimeters of rainfall per year, a high surface water evaporation rate and a low groundwater
recharge rate – far less than the total annual water used in the country. The UAE is eager to share its experience
in rain enhancement and to foster a spirit of international knowledge transfer and cooperative development in the
science of precipitation.

“

We are offering an opportunity for researchers
around the world to advance their skills and
expertise in the field of rain enhancement in
collaboration with globally like-minded scientists while working on developing potential
solutions for water security, to bring health
and prosperity to the world. We urge international researchers to participate in this innovative program by submitting their ideas by 16
March 2015. Together, we can bring water
and, therefore, life and prosperity to the driest
regions of the world.

”

- Dr Abdullah Al Mandoos, Executive Director,
National Center of Meteorology and Seismology
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For that reason, the Ministry of Presidential Affairs (MoPA) launched The UAE Research Program for Rain
Enhancement Science on 20 January 2015 at the Abu Dhabi Sustainable Week. The Program, which aims
to enhance water security through international cooperation in scientific research and development in the
field of rain enhancement, will be managed by the National Center of Meteorology and Seismology. It will
address the fundamental understanding of rainfall enhancement, data modeling, analysis and evaluation,
and experimental design, technologies and instrumentation.
Dating back as early as 1990, the UAE has an illustrious history in cloud seeding for rain enhancement through
successful international collaborations with well-known organizations such as the National Centre for Atmospheric
Research (NCAR) in United States of America, Witwatersrand University in South Africa and NASA. To ensure
the success of its efforts, the National Center of Meteorology and Seismology has invested heavily in a cloud
seeding infrastructure, including more than 66 networked, automatic weather stations distributed strategically
across the country as well as a sophisticated weather radar network and six state-of-the-art aircrafts for cloud
seeding operations.

How to Participate
The submission deadline for pre-proposals is 16 March 2015. Innovative research and technology proposals are
welcomed from domestic or foreign, public or private, non-profit or profit organizations and individuals. As part
of the application process, all candidates must clearly demonstrate their access to the necessary facilities and
infrastructure to carry out the proposed project, and their ability to responsibly manage the Program’s grants.
Once evaluated, the entries will be shortlisted to an invited group by 1 May, with full proposals due by midnight
of 17 August 2015.
Successful proposals will be at the frontier of rain enhancement science. They must demonstrate scope and
scale, expertise, experience and commitment, and social and environmental stewardship. Multi-institutional and
multi-national collaborations are encouraged as well as knowledge transfer amongst various types of institutions
and organizations.
The two-stage selection process will evaluate the technical aspects of the proposed projects and their potential to contribute to advancing the effectiveness and efficiency of rainfall enhancement, based on the following
elements:
•
•
•
•
•

Overall Scientific & Technical Merit, Significance and Innovation
Research Approach
Qualifications of the Research Team
Required Resources and Budget
Contribution to Capacity Development in the Field

In addition, all applicants will be asked to address social and environmental aspects of the proposed work (public
outreach and engagement, regional and global effects of weather modification on hydrology, environmental
impact), and outline their environmental assessment plan for any proposed experimental testing in the field.
Up to five projects will be selected to go forward, and each will receive a share of the US$5 million grant in
project funding, which will be dispersed over a three-year period. The funding will be used to bring the projects
to a commercial reality, with implementation starting within a month of the announcement of the winners in
January 2016.
The projects help the UAE address its water security issues and the research and experimental data will be
openly shared to accelerate the advancement of the field rainfall enhancemnt.
More info at www.uaerep.ae
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