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Geneva, mid-autumn 2015 – The motto of the city of
Paris – Fluctuat nec mergitur (Tossed about by swelling waves, she does not sink) is perfectly suited for
upcoming events in that city. The challenge of climate
change is tossing humanity about. We need to mitigate
climate change impacts and adapt in order not to sink.
Most of all, we need a new binding agreement to limit
greenhouse gas emissions at the upcoming 21st session
of the Conference of Parties (COP) of the United Nations
Framework Convention on Climate Change (UNFCCC)
to be held in Paris from 30 November to 11 December.
Initiatives to limit emissions and to move toward renewable energy sources are already being put in place by
individuals, schools, communities, businesses and
municipal, provincial and federal governments. Public
and private enterprises are also integrating climaterelated policies into their business plans. No one can
afford to keep ignoring the signs: our climate is changing and we must make decisions to mitigate the risks
and maximize the benefits that change will bring. This
decision-making demands reliable climate prediction
information.
The Third United Nations World Conference on Disaster
Risk Reduction (WCDRR) in Sendai, Japan, emphasized
the reduction of weather and climate-related disaster
risks as one of the key areas in which it is urgent to act
in order to save lives and property. Many countries,
for example China, are turning to impact-based multihazard early warning systems as a means of mitigating
these impacts.
There are also win-win solutions for energy efficiency,
which are both cost-effective and climate-friendly. While
underlining that there is overwhelming evidence that
climate change endangers human health, World Health
Organization (WHO) Director-General Margaret Chan
emphasized that solutions do exist. Similarly, United
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Nations (UN) Food and Agriculture Organization (FAO)
is implementing climate-smart agricultural approaches
for food security.
In the context of the Global Framework for Climate Services (GFCS), WMO is partnering with UNISDR, WHO,
FAO and many more to tailor climate information for
decision-making in all of the above areas. As demand
for climate information increases, it is also assisting
WMO Members in forming partnerships to generate
accessible and useful information for their stakeholders.
The articles in this Bulletin tell the story. Given climate
information on which we can base good decision-making
for our future, we will be able to face the challenges of
climate change head on.
Expectations are high for Paris. People and countries are
calling for action on climate change. The COP process
cannot be allowed to fail. In Paris and around the world,
mankind must rise to the swelling challenges of climate
change in order not to be swallowed.

UN ISDR

Towards Substantially
Reduced Disaster Risk in 2030

By WMO Secretariat1

The Sendai Framework was adopted by 187 countries
at the Third United Nations (UN) World Conference
on Disaster Risk Reduction (WCDRR) held in Sendai,
Japan, from 14 to 18 March, commemorating the 2011
Tohoku earthquake and tsunami. Over 6 500 participants
attended the Conference, including representatives from
governments, intergovernmental organizations, nongovernmental organizations, the media and National
Meteorological and Hydrological Services (NMHSs).
From 2013 to 2015, WMO and its Members engaged in
the consultative processes and negotiations that led to
the adoption of the Sendai Framework. These included
the 2013 Global Platform for Disaster Risk Reduction,
the Regional Platforms and Ministerial Conferences for
Disaster Risk Reduction, as well as the three sessions of
the Preparatory Committee for WCDRR, the open-ended
informal consultative and negotiation meetings and the
meetings of the Informal Working Group on Targets
and Indicators of the Preparatory Committee. NMHS
representatives and WMO staff actively participated and
contributed to the discussions at the Conference sessions
as well as to the organizing teams that conceptualized
and prepared these sessions.
The adoption of the Sendai Framework was the main
outcome of WCDRR, and was endorsed by the United
1

Jochen Luther, Disaster Risk Reduction (DRR) Services Division

Nations General Assembly on 3 June. It is the successor
instrument to the Hyogo Framework for Action 2005-2015:
Building the Resilience of Nations and Communities to
Disasters (HFA).

UN ISDR

The Sendai Framework for Disaster Risk Reduction
2015-2030 (Sendai Framework) adopted on 18 March is
the first major agreement of the 2015 agenda. Its seven
global targets and four priorities for action are highly
relevant to WMO. Disaster risk reduction (DRR) is one of
the seven priority areas of the Organization. Protecting
lives, livelihoods and property is at the core of its mission – thus, WMO will support the Sendai Framework
through a wide range of scientific and technical activities.1

UN Secretary-General Ban Ki-moon addressing the
international DRR community at the opening session of the
Third United Nations (UN) World Conference on Disaster Risk
Reduction (WCDRR)

Global targets and priorities for action
The Sendai Framework is built on elements that ensure
continuity with the work done by countries and other
stakeholders under the HFA. The HFA, in turn, gave further
impetus to the global work carried out under the International Framework for Action for the International Decade
for Natural Disaster Reduction of 1989; the Yokohama
Strategy for a Safer World: Guidelines for Natural Disaster
Prevention, Preparedness and Mitigation and its Plan of
Action adopted in 1994; and the International Strategy for
Disaster Reduction of 1999.
The Sendai Framework introduces a number of innovations
that emerged from the consultations and negotiations.
The most significant shifts include:
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•

a strong emphasis on disaster risk management as
opposed to disaster management;

•

the substantial reduction of disaster risk and losses
in lives, livelihoods and health, and in the economic,
physical, social, cultural and environmental assets of
persons, businesses, communities and countries as
an expected outcome;

•

a goal focused on preventing the creation of new risks,
reducing existing risks and strengthening resilience;
and
the definition of seven global targets for achieving the
expected outcome.

Jochen Luther/ WMO

•

The panel of the WCDRR Working Session on Integrated Water
Resources Management, chaired by WMO Secretary-General
Michel Jarraud in his capacity as the chair of UN-Water

be shared with other stakeholders, including local governments, civil society and the private sector. In addition,
the scope of the Sendai Framework has been broadened
significantly to focus on both natural and man-made
hazards and related environmental, technological and
biological hazards and risks. There is also clear recognition of stakeholders and their roles, including the role of
the UN System and the strengthening of international
cooperation and global partnerships.
Through its four priorities for action, the Sendai Framework articulates:
•

the need for improved understanding of disaster
risk in all its dimensions of exposure, vulnerability
and hazard characteristics;

•

the strengthening of disaster risk governance,
including national, regional and global platforms
for DRR as mechanisms for coherence across
agendas, monitoring and periodic reviews as well
as accountability for disaster risk management;

•

investing in DRR for resilience including risk-informed
donor policies and programmes and financial support
and loans from international financial institutions;
and

•

enhancing disaster preparedness for effective
response and to “Build Back Better” in recovery,
rehabilitation and reconstruction, including improved
resilience of health infrastructure, cultural heritage
and workplaces.

Another innovation of this 15-year, voluntary, non-binding
agreement is a set of guiding principles. These recognize
that each State, with all its institutions, has the primary
role to reduce disaster risk but that responsibility should

The Seven Global Targets Outlined in the
Sendai Framework
•

Substantially reduce global disaster mortality
by 2030, aiming to lower average per 100 000
global mortality rate in the decade 2020–2030
compared to the period 2005–2015;

•

Substantially reduce the number of affected
people globally by 2030, aiming to lower the
average global figure per 100 000 in the decade
2020–2030 compared to the period 2005–2015;

•

Reduce direct disaster economic loss in relation
to global gross domestic product by 2030;

•

Substantially reduce disaster damage to critical
infrastructure and disruption of basic services,
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such as health and educational facilities, including
through developing their resilience by 2030;
•

Substantially increase the number of countries
with national and local DRR strategies by 2020;

•

Substantially enhance international cooperation
to developing countries through adequate and
sustainable support to complement their national
actions for implementation of this framework
by 2030; and

•

Substantially increase the availability of and
access to multi-hazard early warning systems
(MHEWSs) and disaster risk information and
assessments by 2030.

Implications for WMO – New opportunities
and challenges
The seventeenth World Meteorological Congress in June
2015 reaffirmed DRR as one of the high-priority areas
for WMO, thereby acknowledging the significance of the
Sendai Framework for WMO and the new opportunities
and challenges it poses for NMHSs. The scope and
objectives of the WMO DRR Programme, established
in 2003, were aligned with the HFA to support NMHSs
in: the provision of hazard information for risk assessments, prevention, response, recovery and risk transfer
across sectors; the preparedness through early warning
systems (EWSs); the ability to respond to user requirements and the cooperation and engagement in disaster
governance structures at all levels. Through this crosscutting Programme, WMO has played an important role in
supporting its Members in implementing the HFA. The
WMO DRR priority cuts across all the other Organization priorities and contributes to related priority areas
such as capacity development and the implementation
of the Global Framework for Climate Services (GFCS).
WMO is now realigning its DRR Programme with the
Sendai Framework, while considering the provisions
of other global frameworks that are highly relevant
to DRR, for example, on sustainable development,
climate change, humanitarian assistance and urban
issues. A first step was the decision by Congress and
the Executive Council to produce and regularly update
a WMO DRR Roadmap. This will guide WMO activities
in all components of disaster risk management as
well as their further enhancement and coordination
across WMO constituent bodies and programmes. The
Roadmap is a coordinated organization-wide plan of
action with prioritized activities and deliverables. It will
be continuously updated and verified for consistency
with the WMO Strategic and Operating Plan by its
constituent bodies as well as the workplans for related
WMO programmes and projects. Furthermore, the
Roadmap considers relevant WMO guidelines and
documents as well as input from NMHSs’ own DRR
roadmaps, frameworks and good practices.
The new Executive Council Working Group on Disaster
Risk Reduction created in 2015 will guide the implementation of the WMO DRR priority in the WMO Strategic
Plan 2016-2019. By doing so and by committing to the
implementation of the UN Plan of Action on DRR for
Resilience, WMO will also assist Members to implement
the Sendai Framework.
There are a number of provisions in the Sendai Framework, called for by and addressed to States, which are
especially relevant to WMO:

•

Promoting the collection, analysis, management
and use of relevant data and practical information
in line with national circumstances and making use
of space and in situ information that results from
maintained and strengthened in situ and remotelysensed Earth and climate observations.

•

Ensuring dissemination of reliable data in an
appropriate format and accessibility of non-sensitive
information, taking into account the needs of different
categories of users (including social and cultural
requirements, in particular, gender).

•

Strengthening disaster risk modelling, assessment,
mapping, monitoring and multi-hazard early warning
systems (MHEWSs) through the strengthening of
technical and scientific capacity to capitalize on
and consolidate existing knowledge and through
developing and applying methodologies and tools.

•

Promoting and improving dialogue and cooperation
among scientific and technological communities,
the private sector, other relevant stakeholders and
policymakers in order to facilitate a science/policy
interface for effective decision-making in disaster
risk management and for sharing good practices
internationally.

•

Strengthening disaster-resilient public and private
investments in structural, non-structural and
functional disaster risk prevention and reduction
measures.

•

Inves ting in, developing, maintaining and
strengthening people-centred, multi-sectoral
MHEWSs, including telecommunications systems
for hazard monitoring and emergencies, simple and
low-cost early warning equipment and facilities, and
broadened release channels for warning information
that is tailored to different user needs.

•

Promoting the further development of and investment
in effective, nationally compatible, regional multihazard early warning mechanisms, where relevant,
contributing to GFCS, and facilitate the sharing and
exchange of information across all countries.

•

Supporting relevant UN entities to strengthen and
implement global mechanisms on hydrometeorological issues in order to raise awareness and improve
the understanding of water-related disaster risks.

•

Promoting international cooperation for DRR and
enhanced coordination of respective strategies of
UN entities and other international and regional
organizations, especially in developing countries,
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WMO support for implementing the Sendai
Framework
The WMO community has a wide range of services and
products on offer for the implementation of the Sendai
Framework. But others commitments made at WCDRR,
at Congress and in subsequent processes still need to
be implemented.
In support of the Sendai Frameworks first Priority for
Action, Congress decided to standardize weather, water,
climate, space weather and other related environmental
hazard information. It also decided to develop identifiers
for cataloguing extreme and high-impact weather,
water and climate events. These measures will promote
interoperability among datasets and facilitate Members’
efforts to assess risks and track climate-related loss and
damage. Enhanced capabilities to monitor and model
future climate conditions will improve the attribution of
extreme weather events to climate change. The capabilities
will also facilitate preparedness and adaptation at all
timescales and will provide quality assurance of these
data, including the official designation/validation of
extreme events and archiving of event data and trend
indices. WMO continuously improves the quality and
quantity of hydrometeorological data through the WMO
Integrated Global Observing System, which enables the
collection of data from satellites, ocean buoys, aircraft,
ships and land-based stations, and related programmes.
Contributing to the second Priority for Action, WMO
encourages NMHSs to actively engage in their national
disaster risk management and governance and in
national, subregional, regional and global platforms for
DRR. This can help to clarify the roles and responsibilities
of various public- (including NMHSs) and private-sector
actors and stakeholders who are providing and benefiting
from weather and climate services. WMO advocates for
reflecting these roles in national and local regulatory
frameworks, planning, budgets, coordination/collaboration and operations, supported by, for example, standard
operating procedures and guidelines.
For NMHSs, the third Priority for Action applies to the
maintenance, modernization, integration and further
development of core capacities including: (a) operational weather, climate and hydrological observations,
information and services to inform risk reduction and
adaptation measures and medium- and long-term strategic planning for community resilience in the context of
climate change and (b) high-impact weather and climate
research, including modelling. WMO is helping Members
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to access funding and showcase the socioeconomic
benefits of weather and climate services and to implement capacity development and demonstration projects.
It is also equally important to ensure that investments
are materialized in information and communications
technologies (ICTs). These ICTs facilitate monitoring of
the environment, retrieving and processing vital data,
and disseminating and receiving information before,
during and after disasters. This is important particularly
for early warning where timely evacuation can save
thousands of lives. These investments should move
beyond hardware requirements and ensure that the
human capital of the country is capacitated to develop,
operate and maintain such systems.

Jochen Luther/ WMO

in particular, the least developed countries, small
island developing states, landlocked developing
countries and African countries.

UN Radio interviewed Mr Jarraud on the role of WMO in, and
commitment to, implementing the Sendai Framework
The biggest contribution that WMO can make to the
implementation of the Sendai Framework is under the
fourth Priority for Action. The focus is on supporting
the four components of MHEWSs:
•

Analyses and assessment of risks involved;

•

Detection, monitoring, analysis and forecasting
the hazards;

•

Dissemination and communication of timely, accurate, actionable, inclusive and authoritative warnings; and

•

Preparedness and response capabilities.

While the first component is dealt with under Priority 1,
the second component is supported by the WMO Global
Data-Processing and Forecasting System. It involves
three World Meteorological Centres and 40 Regional
Centres, including Regional Specialized Meteorological
Centres, Regional Climate Centres and Regional Drought
Management Centres. These centres process data
and routinely provide countries with analyses and
meteorological forecasts, and support the early warning
capacities of NMHSs. Hazard-specific (for example, flash
floods, tropical cyclones, coastal hazards or technological

•

Strengthening of impact-based forecast and riskbased warning services;

•

Addressing weather, climate, water and environmental issues for improved service delivery for DRR in
the sectors of health, agriculture, land transportation and energy, and in megacities and large urban
complexes;

•

Promoting people-centred MHEWSs for tropical
cyclones and further strengthening the global mechanisms to reduce the disaster risk associated with
tropical cyclones;

•

Promoting risk-informed decisions by the aviation
community and transportation sector concerned
with the impact of airborne dust and particles during
volcanic eruptions, wildfires, sandstorms, dust
storms and the like, through enhanced information
systems and services; and

•

Developing approaches to deal with the emerging
challenges and opportunities to access, use and
manage Big Data, crowdsourced data and data
obtained through social media, particularly those
relevant to risk assessment.

The third component is supported by the WMO Global
Telecommunication System that interconnects all NMHSs
for the collection and distribution of meteorological and
related data, forecasts and alerts, including tsunami
and seismic-related information and warnings. This
system is being transformed into an overarching
WMO Information System that enables systematic
access, retrieval, dissemination and exchange of data
and information of all WMO and related international
programmes. In addition, the Common Alert Protocol
provides the international standard for emergency
alerting and public warning for all hazards, including
those related to weather events, earthquakes, tsunamis,
volcanoes, public health, power outages and many other
emergencies. This Protocol also applies to all media,
including communications media ranging from sirens
to mobile phones, faxes, radio, television and various
web-based communication networks.
For the fourth component, emergency response is supported by WMO, especially on the global level. Through
its work with the Inter-Agency Standing Committee,
the Global Disaster Alert and Coordination System and
Copernicus, WMO links weather and climate services to

international humanitarian agencies in order to improve
humanitarian contingency planning, preparedness and
response.
Moreover, as the Sendai Framework emphasizes the
importance of international cooperation and multistakeholder partnerships for DRR, WMO will seize
opportunities for greater engagement in new or reinforced
partnerships, projects, funding streams and so forth.
Multi-stakeholder partnership is a key strategy of WMO
to support its Members, particularly their NMHSs, in
strengthening service delivery at all levels. To facilitate
effective multi-stakeholder partnerships at national
and local levels, WMO will extend technical support in
the development of national guidelines and standard
operating procedures for multi-agency coordination,
for example on MHEWSs, to its Members.

Jochen Luther/ WMO

hazards) and sector-specific (for example, agriculture,
aviation and humanitarian assistance) warning services are supported by WMO programmes through
the following:

During a press conference, WMO Secretary-General Michel
Jarraud proposed to initiate an International Network for
Multi-Hazard Early Systems (IN-MHEWS) on behalf of the
WCDRR Working Session on Early Warning (above: Xu Tang
(WMO), Mr Jarraud, Thomas Silberhorn (Deputy Minister and
State Secretary, Federal Ministry for Economic Cooperation
and Development, Germany)
National technical agencies such as meteorological,
hydrological, geological and marine services play crucial
roles in collecting, analysing and providing hazard and
risk information. Their collaboration with disaster risk
management agencies, natural and social scientists and
the media, for example, is important for making effective
use of this information and the services provided. It is
also important for supporting risk-informed decisionmaking and development planning at national and
local levels. Thus, NMHSs need to be fully integrated
into national disaster risk management systems, with
horizontal and vertical partnerships across the various
sectors, stakeholders and levels.
Strengthening MHEWSs through partnership and coordination among stakeholders across all sectors and at all
levels is important in pursuing a holistic and integrated
approach to disaster risk reduction and management.
Moreover, because hazards do not respect national
boundaries and may overwhelm national capacity,
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national MHEWSs need to be complemented by regional
cooperation frameworks. Regional and international
cooperation among nations will ensure harmonization
and interoperability of their EWSs and MHEWSs and
leverage resources for managing the risks associated
with transboundary and large-scale hazards.

Furthermore, WMO will contribute to the development of
a number of targeted Sendai Framework implementation
guides, for example, on early warning, risk assessment,
ecosystem-based DRR and others. WMO has also been
providing significant support to the Open-ended Intergovernmental Expert Working Group for the development of a set of possible indicators and terminology to
measure global progress in the implementation of the
Sendai Framework, in coherence with the work of the
Inter-Agency Expert Group on Sustainable Development
Goal Indicators.

UN ISDR

Going forward

WMO International Symposium on Multi-Hazard Early Warning
Systems and Service Delivery, a side-event attended by some
120 participants, including 18 Permanent Representatives to
WMO
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WMO remains strongly committed to one of its highest
priorities of substantially reducing disaster risk, and
to advancing DRR at all levels by further developing
knowledge products, capacity development and demonstration projects, and through collaboration and close
coordination with partners and stakeholders. The Sendai
Framework is most relevant to the work of WMO and
the Organization will fully support its implementation
and assist its Members in doing so.

Chris/Flickr

China’s Implementation of
Impact and Risk-based Early
Warning

By Jiao Meiyan1, Song Lianchun2, Jiang Tong3, Zhang Di4 , Zhai Jianqing5

China is one of the countries most affected by meteorological hazards. From 1984 to 2014, on average per
annum meteorological hazards caused 4 066 deaths
and 192.2 billion Chinese Yuan Renminbi (CNY, US$
30.5 billion) direct economic losses – 2% of the Chinese
Gross Domestic Product (GDP). The annual average loss
ratio (direct economic losses/annual GDP) halved from
2.08% from 1984 to 2000 to 1.03% from 2001 to 2014,
thanks to improved disaster prevention and mitigation
measures. That 1.03% ratio is still 8 times higher than
the global average (0.14%) and 3 times higher than that
of the United States of America (0.36%). In fact, China’s
average loss ratio exceeds that of all the other countries
as seriously affected by meteorological hazards. China
Meteorological Administration (CMA) thus determined
in 2009 that the country’s early warning services needed
further improvement. 1 2 3 4 5
By 2007, Chinese conglomerates, like the megacity of
Shanghai, had multi-hazard early warning services
(MHEWS) for disaster; however, these were traditional
services based on fixed thresholds. Under such a system
if, for example, the precipitation forecast for a certain
day is greater than or equal to 50 millimetres (mm), then
the event would be classified as a rainstorm and an early
warning for a rainstorm would be launched. In 2009,
CMA decided that such a system was not enough and

Deputy Administrator, China Meteorological Administration, the
People’s Republic of China (PRC)
2
Director-General, National Climate Center, the People’s Republic of
China (PRC)
3
Chief Scientist, National Climate Center, the People’s Republic of China
(PRC)
4
Chief of Division for Public Services, Department of Disaster Risk
Reduction, China Meteorological Administration, the People’s Republic
of China (PRC)
5
Associate Professor, National Climate Center, the People’s Republic of
China (PRC)
1

that the country would benefit by moving to an impact
and risk-based EWS.
Since, China has been investing time and money to
upgrade, countrywide, to a risk-based EWS with the
aim of managing and reducing disaster risks related to
meteorological hazards. The system meets the goals of
the Hyogo Framework for Action 2005-2015 “Building
the Resilience of Nations and Communities to Disasters
(HFA)” and promises to further mitigate the economic
losses and casualties that relate to natural hazards.
The benefits of impact and risk-based EWS are being
demonstrated through practical experiences worldwide.

Evolution of Early Warning Systems
Increased media coverage and a perception of an
acceleration in the occurrence of disasters has led to
a public outcry for better information that will permit
individuals to act in time to save their lives, property and
livelihoods from damage. Thus, over the last 50 years,
governments and the public have shifted from wanting
to know “what the weather will be” to wanting to know
“what the weather will do” – the socio-economic impacts.
Both want to mitigate and reduce disaster risks.
The “WMO Guidelines on Impact Forecast and Warning
Services” highlights that national meteorological and
hydrological services (NMHS) would benefit from moving
away from simply providing weather information to
expressing how the weather will impact lives, infrastructure
and the economy. Their goal should be to provide services
focused on socio-economic impacts, that is, evolution
toward risk-based EWS (page 10).
In order to offer risk-based EWS, the impact of a specific
hydro-meteorological extreme must be determined
by combining the probability of the hazard with the
vulnerability (or susceptibility) of the given population or
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economy to the hazard and their level of exposure to the
hazard. In this context, risk-based EWS is a simple form
of an impact-based EWS with hazard probabilities. One
of the strengths of risk-based EWS is in explicitly taking
account of uncertainties. Thus, in determining expected
risk (that is the potential socio-economic impacts), the
risk-based warning level adopted by CMA integrates
factors related to hazard uncertainty, vulnerability and
exposure (WMO, 2014).

and mudflows in order to compile high-quality historical
risk information data. CMA expects to have completed
the risk surveys of more than 2 500 counties by the end of
2015. Each county must fill out 42 sheets of survey tables.
The information is being consolidated into a database of
climate and weather related disasters, which characterizes
28 different types of disasters as well as damage and loss
information covering the numerous economic sectors –
from water, agriculture, animal husbandry and fisheries
to transportation, power, communication, infrastructure
and commerce, to name a few – over the last 30 years.
The disaster-inducing parameter thresholds: The disasterinducing parameter thresholds indicate the levels or limits
of a pre-defined parameter(s). The assumption is that when
a threshold is reached conditions might induce a disaster,
thus the probability of disaster occurrence is high, hence
risk is high. CMA has defined warning levels and standards
for river floods, urban waterlogging and mountain flash
flood. For example, the launch of a blue warning signals
water levels for river flooding; while urban waterlogging
and mountain flash flood have their own defined levels.

Global Evolution of Early Warning Systems (Source: WMO,
2014)

Technical implementation
In 2011, CMA research formalized the four technical
pathways to move from general weather forecasts to
risk-based EWS. These are risk surveys, disaster-inducing
parameter thresholds, quantitative precipitation estimations
and forecasts (QPE and QPF), and risk assessments.
Risk survey: Risk surveys collect hydrometeorological
information and investigate exposure and vulnerability
to disasters. In 2012, CMA, in cooperation with other
government agencies, started carrying out flood disaster
risk surveys in small and medium-sized river basins and
in locations that had experienced flash floods, landslides

Risk-based warning levels of flood, waterlogging and flash
flood in China

Sample from the 42-page risk survey CMA is carrying out in over 2 500 countries
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QPE/QPF: A high space and time resolution and precision
of quantitative precipitation estimations and forecasts
is the guarantee of a successful warning service. CMA
established a QPE system based on data from an
automatic observation network and interpolated data
from satellites and radar. Quantitative precipitation
forecast products, with 10 kilometres (km) spatial
resolution and 24-hour ongoing forecast capability,
are available nationwide. At the provincial and city level
1-hour short-term precipitation forecasts with higher
(1 km) spatial resolution, based on 6-minute ongoing
radar observation data, is available, too.
Risk assessment: Spatial disaster risk is assessed by
evaluating and mapping the spatial distribution of each
hazard. The exposure and vulnerability of lives, property and infrastructure to the hazards are mapped by
methods proposed by the Intergovernmental Panel on
Climate Change Fifth Assessment Report (IPCC 2014).
An up-to-date risk assessment is crucial to evaluate and
estimate the probabilities and consequences of climate
or weather related disasters. In addition, analysis of
historical loss data during risk assessment provides
information on spatial coverage, intensity, frequency
and duration of such events. For example, data on
past precipitation-triggered flooding in an area can be
used to estimate probable disaster losses. According
to its current timetable, CMA will finish risk assessment
mapping in all 2 500 counties by the end of 2018 and
will be able to carry out risk-based warning for floods
nationwide before 2018.

•

China Weather (www.weather.com.cn/) receives over
26 million visitors per day;

•

China Weather Channel is broadcast in some 314 cities;

•

Over 100 million people have signed up for CMA SMS
weather services;

•

Well over 88 million smart phone users have installed
the CMA meteorological service application;

•

On average 50 million people a month call the CMA
service phone number (dial 12121); and

•

There are over 13 million followers of some 700 official
CMA micro-blog/webchat accounts.

In rural areas with less information infrastructure, CMA
has expanded its dissemination network to include some
485 000 public radio speakers, 144 000 electronic display
screens, 78 000 weather information service stations and
erected 8 ocean weather radio stations.
Dissemination is even more important when it comes to
the government. The primary objective of EWS is to enable
the appropriate authorities to develop pro-active and timely
emergency preparedness and response measures to
avoid or limit the impacts of extreme weather and climate
hazards. To achieve this, a good understanding of lines of
authority and decision-making processes is paramount.
Additionally, all stakeholders must have a comprehensive
understanding of hazard risks and impacts.

Information dissemination
A risk-related EWS in itself, however, would not satisfy the
public, nor the government, need to understand “what
the weather will do.” The information and alerts would
still need to be communicated – information is only useful if it gets to the right people, if they can understand it
and if they can benefit from it to make sound decisions
in a timely manner. Dissemination of information is key.
Effective dissemination systems must be available 24
hours a day, every day of the year. Issuance of warnings
and dissemination to the authorities and the general public
are national responsibilities.

Emergency protocols and procedures should be developed
from the national to community level clearly defining
roles and responsibilities. CMA has a meeting mechanism
with focal points from 29 ministries or departments and
dedicated lines to 17 ministries/provinces. Together, they
have built a joint dissemination system and a sharing and
exchange mechanism for meteorological early warning
information. A meteorological support system for major
emergency relief is also in place between the ministries
of land and resources, transportation, health and public
security.

Policy and legislation
CMA, in close cooperation with government departments
and agencies that work in disaster related areas, has
established an emergency information release, sharing
system. The success of CMA dissemination efforts is
staggering:
•

Every day over 5 000 weather forecasts are aired on
local and national TV stations;

Another key component is formalizing EWS policies into
legislation. The policy and legislation instituting the EWS
should clearly define the roles and responsibilities of
the different agencies and authorities at the national
to local levels, make sure these are communicated and
understood by all stakeholders – especially the public at
risk – and assure that there is a mechanism for support
and upgrade the EWS.
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Assessment of flood risks in the
Datong river basin, Anhui Province
of China

The Chinese government initiated the development of
the weather and climate related disaster risk management system and established a national management
system for disaster prevention, mitigation and emergency
response. With the formulation and revision of emergency
plans and the improvement of the disaster prevention and
mitigation systems, new mechanisms and policies were
incorporated. Additionally, the government formulated
and implemented new laws and regulations, including
the Emergency Response Law of the People’s Republic
of China, the Flood Control Law of the People’s Republic
of China, the Regulations on Meteorological Disaster
Prevention, and the Regulations on Natural Disaster Relief,
which improved the legal system and the decision-making
in weather and climate related disaster risk management.

Risk-based EWS Services for flooding in Anhui
What are the preliminary results of the new risk-related
EWS in China? Anhui, one of first provinces to have an
operational risk-based EWS for flooding, provides an
example. The Anhui Meteorological Service forecasted
heavy rainfall associated with short-term strong rainfall,
thunderstorms and gales starting on the morning of 5 July
to 8 July 2013. For the central and northern parts of Anhui,
the forecast was for cumulative precipitation of 180-260
mm, but to exceed 350 mm in some locations. The real-time
areal precipitation over the Datong river watershed was
predicted by using quantitative precipitation estimations
and forecasts products. Combined with disaster parameter
precipitation thresholds (35mm per day) and information
on hydrological and land surface conditions, the Anhui
Meteorological Service predicted various flood-affected
areas and set the risk-based warning system in motion.
The Anhui Meteorological Service disseminated risk-related
early warning information twice a day from 4 to 7 July
and provided professional services to the Flood Prevention
and Drought Resistance Command Office, the Land and
Resources Office, and other government agencies every 3
hours (33 times in total). The risk-based warnings proved
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timely warnings to the 2 500 people living in low-lying areas,
geologically hazardous locations or dilapidated houses
who were evacuated. The heavy rainfall from 5-7 July,
greater than or equal to 100 mm, caused severe flooding
in the Datong River basin and led to economic losses of
CNY 727 million (US$ 113.65 million). But thanks to the
early warning system there were no casualties.

The ultimate goal
The HFA, the Sendai Framework for DRR 2015-2030: post2015 framework for Disaster Risk Reduction, and IPCC 2014
have propelled the gradual improvement of traditional
EWS to impact and risk-based EWS. Four implementation
pathways – risk surveys, disaster-inducing parameter
thresholds, risk assessments and risk mapping – must be
taken into account by National Meteorology and Hydrology
Services (NMHSs). The reduction of impacts and mitigation of risks are the ultimate goals of an EWS. The CMA
risk-based EWS, although not yet fully in place across
the country, is responding to the pubic outcry and to the
requirements of its principal stakeholder, the government.
The upgrade launched by CMA in 2011 will soon achieve
its goal of providing risk-based EWS to all of China. CMA
offices in all provinces and counties will be able to provide
effective and timely early warning services to local people
as well as to coordinate with national and local emergency
services. There are enormous potential benefits from the
application of impact and risk-based EWS. Not least among
these, is that impact and risk-based warning messages are
easier to understand. The evidence shows that these have
already led to an increase in public response, resulting in
better protection of life and property. The CMA experience
implementing its impact and risk-based early warning
services can be a reference for NMHSs worldwide.
References are available in the online version of the Bulletin:
www.wmo.int/bulletin/content/chinas-risk-based-early-warning

Peter Heilmann/Flickr

Climate Services for the
Energy Sector: A New Priority
Area for the GFCS

By Alberto Troccoli1 and WMO Secretariat2

Energy systems are the engine of economic and social
development. Their investments represent a sizeable
portion of a country’s GDP. Indeed, energy is essential
to practically all aspects of human welfare, including
access to water, agricultural productivity, health care,
education, job creation and environmental sustainability.
Furthermore, energy sector emissions, such as CO2,
account for the largest share of global anthropogenic
greenhouse gas (GHG) emissions. Emissions reduction
targets under the UN Framework Convention on Climate
Change (UNFCCC) are expected to significantly increase
demand for energy from renewable sources – which
are highly sensitive to climate – as well as demand for
energy efficiency measures. 1 2
Energy planning and operations in general are markedly
affected by meteorological events. Although this is
certainly the case for renewable sources such as wind,
solar and hydropower and for electrical distribution
and transmission systems, the more traditional energy
sources can also be severely impacted by extreme
weather climate events. Thus, by properly taking into
account weather and climate information, energy systems
can considerably improve their resilience to weather
extremes, climate variability and change. Climate services
can also support increased development and use of
renewable energy sources.
The Global Framework for Climate Services (GFCS) has
developed a strategy for improving climate services for
the energy sector and providing decision-makers with
enhanced tools and systems to analyse and manage
risks, under current hydro-meteorological conditions,
as well as in the face of climatic variability and change.
Approved by the World Meteorological Congress in June
2015, Energy is a new priority area of the GFCS in addition
1
2

World Energy & Meteorology Council (WEMC)
Roberta Boscolo, World Climate Research Programme

to health, water, disaster risk reduction (DRR) and food
security and agriculture. The strategy illustrates a vision
of how the development and application of targeted
climate products and services through the GFCS can
help improve efficiency and reduce risk associated with
hydro-meteorological hazards affecting energy systems,
in particular to support:
•

Greater climate resilience and adaptation across
the sector, due to its fundamental importance for
development;

•

Efficiency and reduction of energy consumption
with consequent emissions reduction in support of
mitigation targets; and

•

The growing renewables sub-sector, given the
apparent climate sensitivity of renewables on the
one hand and the policy priority accorded to them
due to their GHG emissions reduction benefits on
the other.

Underpinning the development of the GFCS Energy
Exemplar is the Decade of Sustainable Energy for All
(SE4ALL) 3. The vision of SE4ALL is for governments,
businesses and civil society to work in partnership to
make sustainable energy a reality for all by 2030. The
vision underscores the importance of energy issues
for sustainable development and for the elaboration of
the post-2015 development agenda. Access to energy
is inextricably linked to improved welfare and human
development since energy services have a direct impact
on productivity, health, education and communication.
As stated in the GFCS Implementation Plan, (WMO
2014a, page 13) “The natural evolution of Frameworkrelated activity will see other sectors come into focus.
3

http://www.se4all.org/
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As an example of a sector that is likely to be considered
as one of the next priority areas, the energy sector is
recognized for its importance in sustainability and
in climate adaptation and mitigation. This sector is
particularly sensitive to weather and climate and is
therefore an experienced user of climate information.”
The GFCS offers a unique opportunity to provide an
overarching framework to help guide investments for
the development of key enablers such as user interface
platforms, climate services, observations, research
and capacity building. These will ensure a more robust
implementation of resilience and adaptation measures
for the energy sector.

the backbone of the GFCS Energy Strategy, along with
their main requirements for climate information, are:
1.

Identification and Resource Assessment – Requires
climate information (historical and projected) and
policy for an initial assessment of the energy
resource and the required infrastructure and for
management of weather/climate hazards and risks.

2.

Impact assessments (including infrastructure and
environment) – Requires detailed and tailored
weather and climate information (historical and
projected) for codes, standards, site-specific designs
and policy to assist with the construction and
maintenance of the energy system infrastructure
(for example, power plants, solar collectors or coal
mines), including connecting infrastructure for
energy transmission, distribution and transfers.
It also requires detailed site-specific and regional
climate information (mainly historical) and policy
for assessments and mitigation of impact of energy
systems on the surrounding environment (for
example, air quality modifications), on human
health (for example, air particles), on ecosystems
(for example, solar plants, marine turbines) and
wildlife as well as potential contributions to GHG
reduction.

3.

Site Selection and Financing – Requires highly
detailed site-specific climate information (mainly
historical) and policy for rigorous resource
assessment, risk management and financial closure.

4.

Operations and Maintenance – Requires highly
detailed site -specific weather and climate
information (predicted, historical and projected)

Towards a more climate resilient energy
industry
Accurate assessment of climate risks in the energy
sector is difficult because of the uncertainty in predicting
the level, impacts and timing of climate threats.
Overall, the energy sector needs to develop resilience
to climate change impacts through technological
solutions, proactive climate design considerations,
flexible management practices as well as preventive
emergency preparedness and response measures. While
recognising that the complexity of the industry does
not allow for a unique and simple way to meet these
goals, a viable approach is to adopt a classification that
reflects the various project stages of a generic energy
industry project, namely from planning to construction,
to operation and maintenance, including also the
balancing of supply and demand. This classification
would align with the timescales of weather and climate
information and their level of detail and accuracy. Thus,
the energy sector stages, or areas of focus, which form

Interactions between impacts
of climate on the energy sector
in relation to other sectors
(Source: Wilbanks, 2014)
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and policy for an efficient running of the energy
system as well as site maintenance (for example,
on/off-shore wind turbines or oil rigs).
5.

Energy Integration – Energy supplied by individual
generators need to be dispatched in a balanced/
integrated manner to suitably meet energy demand.

6.

Market trading (including supply and demand
forecasts) and Insurance – Requires highly detailed
weather and climate information (predicted and
historical) and policy for an efficient use of generated energy via optimal balancing of supply and
demand as well as for pricing of the insurance
structures used to hedge against market volatility
and/or risks to assets such as wind farms, oil rigs
and transmission infrastructure.

7.

Energy efficiency – Requires highly detailed climate
information (predicted, historical and projected)
and policy for an efficient use of generated energy
via measures such as optimal infrastructure siting or
use of shading on hot days to offset air conditioning
energy use.

The scope and breath of this classification point to an
overarching need to compile, assess and learn from
past and current projects, which can indicate good
practices, gaps and opportunities for the next many
years of work under the GFCS. The GFCS serves as
an institutional structure to facilitate this stocktaking,
helps standardize and institutionalize good practices,
and brings partners together to innovatively respond
to energy user needs by managing climate risks to
energy. It aims to facilitate and structure the process
toward eventually mainstreaming climate services for
the energy industry.

Building on existing expertise and structures
The GFCS Energy Strategy has identified three conditions
(or principles) for a successful implementation, which
involves a full engagement of the energy industry, power
suppliers, transmissions and distribution operators,
finance and insurance providers, and energy market
operators. Depending on the situation, such entities
can operate at local, national, regional or, sometimes,
at global level. The following conditions are critical to
encourage this ownership on all sides and facilitate
joint implementation of climate services for energy:
1.

Stock Taking – Overview of relevant current activities
in the area of weather/climate and energy so as to
have a detailed landscape of the state-of-the art.

2.

Harmonize activities – Coordination of available
activities whenever there is a perceived benefit
for doing so by a range of stakeholders. The GFCS
is not meant to replace current activities but to
provide a harmonization platform, which would
allow stakeholders to increase their awareness of
available data, tools and policies.

3. Add value – Provision of a platform for collaboration
amongst energy sector stakeholders with a need for
improved climate services. The GFCS will facilitate
the implementation of new complementary projects.
The GFCS aims to provide a coordinating mechanism
to allow energy sector stakeholders to acquire wider
access to relevant climate expertise, information, tools
and policy. While some energy stakeholders are well
versed in the use of climate information, the large majority cannot afford to have climate specialists in their ranks.
Similarly, engagement with energy-sector stakeholders

A summary of potential
effects on energy supply due
to some climatic changes
(Source: Wilbanks 2014)
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will enable hydro-meteorological specialists to better
understand and respond to the sectors needs. In either
case, information gathering and sharing is a worthwhile
investment in this burgeoning relationship between
energy, meteorology and climate.
The GFCS seeks to promote support for its vision and
activities at national, regional and global levels, building
on existing partnerships and avoiding duplication. This
principle can be implemented through active engagement in the working mechanisms, programmes and
activities of the energy sector. While energy companies
generally have a good appreciation of weather and climate information, technology and science advancements
mean that weather and climate information is becoming
broader and more sophisticated. The challenge for the
GFCS is to enable effective communication between a
science-led provider community and a business-driven
sector. Decision-making will take place whether or not
adequate climate information is available. However,
improved climate services, as developed with the GFCS
strategy, will aid decision-making by reducing risks or
reducing costs of the decision.
Finally, the success of the climate services for the energy
sector relies on the development of formal partnerships and collaborations with agencies, organizations
and bodies working on energy, such as UN Energy,
the International Renewable Energy Agency (IRENA),
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International Energy Agency (IEA) and World Energy
Council (WEC) as well as organizations working at
the intersection between energy and climate. Overall,
the underlying approach must be one which adopts
weather and climate information with the sole purpose of
genuinely addressing key and relevant energy industry
challenges. While flexibility in approach is essential, a
key role of the GFCS, as a global over-sighting effort,
will be to ensure partnerships that include as many
stakeholders as possible in the value chain – from
energy exploration to consumption – are built. Such
partnerships would have the potential to attract a solid
buy-in from additional industry players, and hence, lead
to the strongest outcomes.

Contribute to transformation
The energy industry is complex and undergoing a major
transformation, involving an increasingly diversified
supply base (for example, with the widespread rooftop
solar systems) and less predictable demand patterns.
A consequence of this is that weather and climate
are becoming increasingly critical to the balancing of
energy supply and demand. By leveraging the power
of improved, more user-friendly climate services, the
GFCS has a clear opportunity to beneficially contribute
to this transformation. Sustained, effective leadership
and coordination are, however, crucial if climate services
are to be embraced and adopted by the energy industry.

Why Does Access to Good
Climate Data Matter?

By Kyra Bell-Pasht1 and Dana Krechowicz2

Over the course of human history, weather patterns have
greatly influenced the growth of commerce and communities. But in a world experiencing climate change,
past assumptions about the weather no longer hold true.
Local, regional and national governments, as well as businesses, are grappling with their role as decision-makers.
Climate data may be available but it is often hard to find,
understand and apply to decision-making. Both private and
public sector decision-makers need accessible, credible
and relevant climate information to increase resilience to
the more intense and frequent weather extremes scientists
foresee as a potential consequence of climate change. 1 2
Climate scientists around the world are contributing to
simulation models of the future climate. Their aim is to
produce critical information to assist decision-makers
struggling to effectively plan for the future, but much of
their output remains beyond the understanding of endusers, thus cannot be integrated into policies. However,
the WMO-led Global Framework for Climate Services
(GFCS) and its partners are advancing the production of
tailored local, regional and national climate information
service for users in both public and private sectors.

Private and public sector needs
Climate information services are relevant for everything
from design standards for homes, commercial buildings
and infrastructure to business structuring and financing.
Climate data are essential inputs for government officials
responsible for the management of public finances,
assets, such as electricity grids, government buildings
and roads, and services such as emergency response
and assistance. In the private sector, decision-making on
Policy and Decision Analyst, Climate Change Policy, Environmental
Commissioner of Ontario, Canada
2
Senior Policy & Decision Analyst, Climate Change Policy, Environmental
Commissioner of Ontario, Canada

input sourcing, facility siting, insurance needs, employee
health and much more can be strengthened by gaining
a better understanding of future climate. The insurance
industry is one sector that is already relatively advanced
in sourcing and applying climate data in their decisionmaking processes. However, companies in all fields need
to prepare for climate change and could benefit from
tailored climate information services.
Overall, decision-makers from both private and public
sectors typically want climate data that cover their local
area to as fine a scale as possible in formats that they
can easily understand and incorporate into existing
decision-making frameworks. In most cases, however,
there is a gap between what is currently available and
what they need. Climate information services can also
carry a heavy price tag that some cannot afford, leaving
them unprepared for climate change.
Potential climate model users also face several other
challenges: many do not have the expertise to choose the
best model (or ensemble of models), nor the adequate
knowledge of science to apply them; and model scales
may lack required details or not take local climate features
into account.3 On the other hand, uncertainty increases
as modelled data is downscaled, which may cause some
end-users to dismiss the data altogether and to opt for
seemingly low-regret decisions, such as doing nothing.

Climate data landscape
Many national meteorological centres and research
institutions run climate models that provide data for
the public and private sector that are useful. But users
must remember that climate prediction information is

1

Ryan Ness, M.Sc., P.Eng., Toronto Region Conservation Authority,
Connecting the Dots on Climate Data in Ontario (Environmental
Commissioner of Ontario, 2015) p.12
3
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not definitive, there is always a probability. Many model
outputs are free and openly accessible, but one needs
high-level skills and advanced computing to run these
and to analyse the outputs.

The Coupled Model Intercomparison Project (CMIP) of
the World Climate Research Programme makes model
outputs freely and openly accessible for those with the
advanced understanding required to use them. More
than 20 models participated in the most recent CMIP
intercomparison. Each had its own strengths and weaknesses: some are better at predicting tropical processes
like El Nino, some Arctic sea-ice melt. To some extent,
the best model for a decision-maker really depends
on his need, thus they should be part of the process of
generating climate information.

Delivering climate services for end-users
Through the GFCS, WMO and its Members are playing
an active role in ensuring climate data availability so
that end users are getting access to the information
they need in a format they can use. The GFCS User
Interface Platform provides a structured means for users,
researchers and climate service providers to interact at
the global, regional and national levels to ensure that
user needs for climate services are met. In the GFCS,
the need to make climate-related decisions is the driver
for providers and users to develop more useful climate
information products.
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Some countries have taken a lead in making useable
climate information freely accessible. For example, in
the United States, federal and state governments – in
addition to the federal agencies such as the National
Oceanic and Atmospheric Administration (NOAA),
which produce and disseminate climate science – fund
six regional climate data centres that produce local
climate data and work with end-users to help them
use the information. The federal climate data initiative
includes a one-stop online portal for climate data among
other solutions to increase data access and usability.

Case Study from Canada
In Canada, Environment Canada is the main producer
and disseminator of foundational climate science and
future projections, but rare are the stakeholders with
the ability to decipher and translate the raw data they
publish. At the provincial level, two provinces, British
Columbia and Quebec, have set up their own armslength “climate services” organizations. These partially
or fully government-funded organizations work closely
with end-users to understand their needs and provide
them with pertinent climate information services. Some
municipalities, individually or in cooperation, have begun
to source their own tailored climate data.

services organizations make use of historical data
and anecdotes, for example, “we used to ice skate
here” to engage end users.
•

Resource pooling - It is possible to downscale global
and regional climate models to a finer scale – even to
the 1 km2 level – but it is very costly and unaffordable
for most individual end users. Those with fewer
resources could collaborate with other users or
seek the assistance of non-profit or government
organizations. For example, small neighbouring
municipalities could pool their resources to obtain
and share downscaled climate data.

A role for private and public sectors

An Environmental Commissioner of Ontario (ECO)
Roundtable4 earlier this year explored the state of climate data in Ontario and explored possible solutions
for meeting end-user needs:
•

Endorsement of regional models – To help navigate
the patchwork of climate data based on different
sets of climate models or applying different downscaling techniques, end users would benefit from
officially-endorsed local climate models. However,
governments may be reluctant to pick one model
over another as they may then be liable if predictions based on the chosen model prove inaccurate.

•

Guidance – Some communities have funded armslength organizations that provide affordable climate
data services. Such organizations assist end users in
incorporating local climate data into their decisionmaking and adaptation planning processes. Government science departments can also offer guidance,
in the form of websites, documents, workshops and/
or training to end users on how to use climate data.

•

Translation & communication – Much of the currently
available climate information is raw scientific data,
which is not user-friendly. It needs to be translated
into lay terminology and delivered in a way that
end users can understand and apply. Some climate

Governments have a responsibility to ensure their
communities are resilient to climate variability and
change and that both their public and private sectors
have access to the information they need to adapt. As
such, governments have a key role to play. However,
the private sector has unique capabilities and can offer
innovative approaches for climate data management
and for creating interactive user-friendly technology
platforms that are better leveraged to ensure climate
information services reach a broader audience and are
effectively applied to decision-making. Many private
sector companies may be end users of data. Others
may be service providers, either independently or in
partnership with the government.
The costs of extreme, high-intensity weather events
are rising, and expensive decisions about how and
what to build are being made every day, often based
on out-dated assumptions about the climate. The cost
of climate research and coordinating efforts to produce
credible and useable climate information should be set
against the costs – and consequences – of uninformed
decision-making.

To see videos from the Roundtable and read the Roundtable report
‘Connecting the Dots on Climate Data in Ontario’, visit: www.eco.on.ca.
4
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Managing Risk with Climate
Prediction Products and
Services
By Chris Hewitt1, Viviane B. S. Silva2, Nicola Golding1, Rong Gao3, Caio A. S. Coelho4, Robyn Duell4,
Jonathan Pollock5, Kazutoshi Onogi6 and WMO Secretariat7

Demand for climate predictions on timescales of weeks
to decades is accelerating as decision-makers in both
private and public sectors increasingly recognize their
relevance in building climate resilience and in climate
change adaptation. Tailored climate services are sought
by various types of users for longer-term decisions and
planning, for early warning of potential hazards, and for
climate variability and change adaptation and mitigation.
Collaboration within the Global Framework for Climate
Services (GFCS) is ensuring that providers of climate
prediction products interact more effectively with users
to meet this unparalleled demand for tailored climate
services. 1 2 3 4 5 6 7
Much progress is being made in developing climate
prediction products. Model output data, climate
predictions, complemented by inputs from stakeholders is
yielding tailored climate services over many time scales.
There are many examples of how users are benefiting
from these products and services.

Climate prediction
National and international investments in climate
observations, research and modelling have greatly
improved climate predictions and projections over the
past decades. They have also helped to advance overall
Met Office, United Kingdom
Climate Prediction Centre / National Oceanic and Atmospheric
Administration
3
Beijing Climate Centre, China Meteorological Administration
4
Centre for Weather Forecasts and Climate Studies / National Institute
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7
Filipe Lucio, C. Tamara Avellán and Zhiqiang Gong, Global Framework
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scientific understanding of climate variability and change.
This progress has provided a robust scientific foundation
for climate services.
Climate models base predictions on present conditions
and assumptions concerning physical processes that will
affect change. The predictions, outputs of the climate
models, are probabilistic statements about future climate
conditions on different time and spatial scales. Over
global, regional or local spatial scales predictions cover
time scales8 such as:
Extended-range forecast – A forecast beyond 10 days
and up to 30 days describing weather parameters,
usually averaged and expressed as a departure from
climate values for that period. Examples include 10-day
and 2-week forecasts, extreme climate event probability predictions, 3 category (above normal, normal,
below normal) probabilistic forecasts of rainfall and
temperature, etc.
Long-range forecast – A forecast from 30 days up to 1
year that generally includes monthly outlooks providing
a description of averaged weather parameters expressed
as a departure (deviation, variation, anomaly) from
climate values for that month (not necessarily the coming
month), 3-month or 90-day outlooks that provide a
description of averaged weather parameters expressed
as a departure from climate values for that period
(which is not necessarily the coming 90-day period)
and seasonal outlooks that provide a description of
averaged weather parameters expressed as a departure
from climate values for that season. Examples include
corresponding climate forecasts with variables such as
precipitation, temperature (2 metres above ground), sea
level pressure, 500-hPa geopotential height; forecasts
www.wmo.int/pages/prog/www/DPFS/Manual/
documents/485_Vol_I_en.pdf
8

of Pacific and Atlantic tropical storms; and seasonal
forecast of large-scale climate variability phenomena
such as the El Niño-Southern Oscillation (ENSO) or the
Madden-Julian Oscillation (MJO).
Interannual prediction – A prediction from one to several
years that describes the large-scale climatic state. This
forecast is initialized with indicators of the current
climate to capture the evolution of modes of internal
climate variability, such as ENSO. Examples include
prediction of the climatic trend of variables such as
precipitation, temperature, sea level pressure and 500hPa geopotential height.
Decadal prediction – A prediction of fluctuations in the
climate system over the next 10 years, taking into account
natural variability as well as human influences. This is
achieved by initializing climate models with observations
of the current climate state, in addition to specifying
changes in radiative forcing due to greenhouse gases,
aerosols and solar variability 9.

local climate predictions, GPCs, RCCs, NMHSs and
other agencies generate tailored climate services for
both the public and private sectors. Such services are
offered by many NMHSs on the different time scales
from seasonal predictions to the long-term projections
for climate change impacts.
There are many examples of climate prediction related
services from GPCs, we can only offer a few case studies.
Climate Champion Program10 – The Managing Climate
Variability (MCV) Climate Champion program of the
Australian Bureau of Meteorology (BOM) aims to help
farmers manage climate risk by providing them with
the best climate tools, products, practices and seasonal
outlooks, and by helping them to gain an understanding
of how they might use that information in their farm
business. It also aims to give climate researchers a chance
to interact with farmers and get feedback about what
they need from research. Twenty farmers, representing
most of the major agricultural commodities, are taking
part in the program through which they can:

The distinctions between annual and decadal predictions
are not clear and many climate centres use these terms
interchangeably.

•

talk with researchers about the tools and information they need to help them manage climate risks;

From prediction outputs to services

•

test early research products and practices, and
possibly influence the research,

•

influence how research findings are communicated
to farmers, and

•

help farmers in their region and commodity area to
learn how to deal with climate variability and change.

Climate model outputs – climate predictions – form the
basis of tailored climate services; however, these can only
be built through strong partnerships between providers,
including national meteorological and hydrological
services (NMHSs), and stakeholders. By being part of
the process, stakeholders obtain climate information
that they can understand, interpret and apply, to reduce
the impacts of climate-related disasters, improve food
security and health outcomes, enhance water resource
management, and much more.
WMO Members provide a number of climate prediction
services at global, regional and national levels to a
variety of users, including individual decision-makers and
policy-makers as well as organizations and humanitarian
agencies. The WMO Global Producing Centres (GPCs)
for Long-Range Forecasts take a lead in, and set the
standards for, predicting climate and weather on global,
regional and local scales. Their forecasts are downscaled
by WMO Regional Climate Centres (RCCs) and by local
forecasting centres, usually within the NMHS. The
GPCs assist WMO Members to deliver better climate
services and products, including regional long-range
forecasts, and strengthen their capacity to meet national
climate information needs. From global, regional and
www.metoffice.gov.uk/research/climate/seasonal-to-decadal/
long-range/decadal-fc

The story of Gillian Taylor, from Bibbaringa Farm in New
South Wales, offers a good example. Gillian’s 990-hectar
farm is devoted to beef cattle. Gillain explains how Bibbaringa Farm uses the information from BOM. “Because
we’ve set up our farm to be easy to manage, we don’t
hand feed our cattle. We’re firm believers in destocking
before it’s too late. I believe ‘too late’ is when you’re
six months into a drought, you’ve run all your cattle
through your paddocks and you have to either buy feed
or sell your stock in a market where everyone else is in
the same situation, so the price is low. Taking too many
cattle out of our mob slows down operations, but we
at least know we have enough feed in our paddocks for
the cattle we have left and we are getting a good price
for the cattle we sell.”
“It’s already May and we’ve only had 111 millimetres
[of precipitation] this year [2013], which is well below
average [250 mm]. We’ve been looking at the forecasts

9

10

www.bom.gov.au/climate/outlooks/#/overview/summary/
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on Elders and the Bureau of Meteorology, and been
speaking to a number of friends in the area who access
forecasting from private forecasters and everyone is
saying that there’s going to be no significant rainfall
coming in the next couple of months. We like to check
everything against the seasonal forecasts on the Bureau
of Meteorology website. With all this in mind, we decided
to sell 100 cows and 50 weaners [weaned calves] last
week to leave us with 350 cows and calves. If we don’t
receive any significant rain in the next 6 weeks we’ll
take more cattle out.”11
Climate service for the Three Gorges area – Over the
last 20 years, the Yangtze River Basin has experienced
increasingly disastrous flood and drought incidences
that have challenged the safe operation and scientific
control of reservoir waters. The benefits – flood control,
drought resistance, power generation, water storage and
shipping, among others – of the Three Gorges Reservoir
Project, completed in 2009, are under threat. Tailored
hydrometeorological service are mitigating the threat.

Precipitation anomaly predictions by percentage for JuneAugust 2013 (top) and the observed results (bottom)
In early April 2013, a climate trends report was released for
the flood season that covered June-August. The predictions
accurately distinguished the abnormally low rainfall as a main
trend in most part of the Yangtze River Basin, while warning
the possible appearance of two precipitation centres in the
Min-Tuo River Basin and the Jialing River Basin. Observations
showed that the heavy rainfall triggered severe flooding in
July. These prediction services for key period are critical to
users11.
For example, the Yangtze River Basin Meteorological
Centre initiated a range of consultation meetings to
predict the water storage volume for the Three Gorges
11

Hubei Provincial Meteorological Bureau
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Reservoir, when it reported a reduced total inflow in
August 2013 compared with the same period the previous year. The meetings led to the production of detailed
precipitation predictions for September upstream of
the Yangtze River and precipitation trends for the September-November storage period across the Yangtze
River Basin. Climatologists suggested that the Three
Gorges Cascade Dispatching Centre start retaining
water ahead of the usual schedule, so as to reduce the
post-storage period pressure on the reservoir, secure
a smooth transition of water levels, and use the water
resources at the end of the flood season. The water
retaining time was advanced to the end of August, two
weeks earlier than in the regular schedule. During the
storage period, the Yangtze River Basin Meteorological
Centre kept a close watch on the precipitation trends
across the upper streams of the Yangtze River, and
provided timely precipitation forecasts for the extension
period. Observed precipitation was largely consistent
with predictions that 8-11, 13-16 and 22-24 September
would experience precipitation. Thus, the predictive
products provided a fairly accurate guideline for flood
control scheduling and storage.
Hazards outlooks for areas exposed to reduced crop
production or livestock vulnerability12 – Drought is one
of the greatest challenges in the developing world. In
order to allay its impacts, the international community
has develop Famine Early Warning Systems Network
(FEWSNET) to bring safe food and water to populations
in need. Over the past decades, it has focused attention on advance risk planning in agriculture and water,
which requires frequent updates of weather and climate
outlooks. In this context, the Climate Prediction Centre
(CPC) of the U.S. National Oceanic and Atmospheric
Administration (NOAA) provides monthly climate outlooks highlighting areas where crop production might be
reduced or livestock may be vulnerable due to flooding
or drought for Africa, Central America, the Caribbean
and Central Asia, valid for one week.
Preliminary hazard outlook bulletins are prepared every
week and distributed to partners within FEWSNET,
including field representatives with expert knowledge
of on the ground conditions with whom a teleconference
is organized. These discussions permit participants
to finalize the hazards outlooks that are then disseminated on the Internet and to an e-mail distribution list.
United States Agency for International Development
(USAID) uses this information for decision-making for
humanitarian response planning for threats to food
security. Tailored food security climate outlooks permit
the development of contingency plans for safe and

12

NOAA/Climate Prediction Centre

WMO Global Producing Centres of Long-Range Forecasts (GPCLRFs)
•

Australian Bureau of Meteorology (BOM), Melbourne, Australia;

•

Hydrometeorological Centre of Russia, Moscow,
Russian Federation;

•

Beijing Climate Centre (BCC), China Meteorological Administration (CMA), Beijing,
People's Republic of China;

•

Japan Meteorological Agency (JMA) / Tokyo
Climate Centre (TCC), Tokyo, Japan;

•

Centre for Weather Forecasts and Climate Studies
(CPTEC) / National Institute for Space Research
(INPE), Cachoeira Paulista, Brazil;

•

Korea Meteorological Administration (KMA),
Seoul, Republic of Korea;

•

Met Office, Exeter, United Kingdom;

•

Météo-France, Toulouse, France;

•

Meteorological Service of Canada (MSC), Montreal, Canada; and

•

South African Weather Services (SAWS), Pretoria,
South Africa.

•

•

Climate Prediction Centre (CPC)/National Oceanic
and Atmospheric Administration (NOAA),
College Park, Maryland, United States of America
(U.S.);
European Centre for Medium-Range Weather
Forecasts (ECMWF), Reading, United Kingdom
of Great Britain and Northern Ireland (United
Kingdom);

timely delivery of food and to populations afflicted by
drought or flood related disasters.

model to produce probabilistic forecasts for the disease
in Brazil for June, month of the World Cup.

The Hydrological Outlook in the UK13 – The Met Office
of the United Kingdom of Great Britain and Northern
Ireland (UK) is currently developing added value operational climate products about likely future hydrological
conditions on a monthly timescale. Based on the current
status of river flows and groundwater levels, a number of
techniques are used to predict conditions going forward
over coming months. The outputs include a map with
highlighted areas and a detailed text interpretation of
the forecasts as well as raw precipitation, temperature,
groundwater and river flow forecasts.

Closer collaboration to widen service

Stakeholders – government and private water company
representatives – participate with meteorological and
hydrological experts in the development of the initial
outlooks. As a result, the Met Office understands
their decision-making processes and information
requirements. A wide range of users are now accessing
these outlooks, which are readily available via email
(register on the Hydrological Outlook UK website).
Forecasting dengue fever risk for the FIFA World Cup14
– The dengue fever forecast service was developed
as part of the EURO-BRazilian Initiative for improving
South American seasonal forecasts (EUROBRISA) during
the 2014 World Cup. The EUROBRISA multi-model
system seasonal precipitation forecasts for the period
from March to May and an empirical model seasonal
temperature forecasts were input into a dengue risk
www.hydoutuk.net/latest-outlook
Lowe R, C. Barcellos, C.A.S. Coelho, T.C. Bailey, G.E. Coelho, R.
Graham, T. Jupp, W.M. Ramalho, M.S. Carvalho, D.B. Stephenson, X.
Rodó, 2014: Dengue outlook for the FIFA World Cup in Brazil: an early
warning model framework driven by real-time seasonal climate forecasts. Lancet. Infectious Diseases (Print), v. 14, p. 619 - 626.
13
14

Climate prediction information services are important
and relevant to a wide-range of users. The overview
of currently available services and related benefits
in this article emphasizes the importance for close
cooperation between providers and stakeholders in their
development. By collaborating through the GFCS, both
the private and public sector are able to set up successful
new projects to support the implementation of climate
services, especially in least developed countries or
regions. 15

Definitions
Climate data: Historical and real-time climate
observations along with direct model outputs covering
historical and future periods. Information about how
these observations and model outputs were generated
(“metadata”) should accompany all climate data.
Climate product: A derived synthesis of climate
data. A product combines climate data with climate
knowledge to add value. Climate information: Climate
data, climate products and/or climate knowledge.
Climate service: Providing climate information in
a way that assists decision making by individuals
and organizations. A service requires appropriate
engagement along with an effective access mechanism
and must respond to user needs15.

gfcs.wmo.int/sites/default/files/implementation-plan//
GFCS-IMPLEMENTATION-PLAN-FINAL-14211_en.pdf
15
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Interview: Vladimir Ryabinin,
Executive Secretary of
the Intergovernmental
Oceanographic Commission
(IOC) of UNESCO
By WMO Secretariat1

Vladimir Ryabinin of the Russian Federation was
appointed as the new Executive Secretary of the
Intergovernmental Oceanographic Commission (IOC)
of UNESCO at the level of Assistant Director-General
(ADG) of UNESCO on 1 March 2015. Mr Ryabinin went to
IOC from WMO, where he was a Senior Scientific Officer
in the World Climate Research Programme (WCRP) from
2001 to 2015. His years of experience with WMO will
surely benefit the close cooperation between the two
organizations. The Bulletin is pleased to introduce him
to our readers through the interview below. 1
Why did you choose oceanography as a career and
what enticed you to study the climate? How do you
see the relation between oceanography, meteorology
and climatology?
When snorkeling at the age of 12, I saw something
at the bottom of the sea that looked to me like the
submerged ruins of an ancient town. The strong emotions
experienced during that dive triggered my interest
in the ocean. Largely under the influence of books
by Jacques-Yves Cousteau, I decided to become an
underwater archeologist. However, having attended a
special school for mathematically gifted children, I was
predisposed to mathematical methods of research. As
a result, in 1978 I graduated at the top of the engineeroceanographer class of the Faculty of Oceanology of
the then Leningrad Hydrometeorological Institute (now
the Russian State Hydrometeorological University).
In the same year, I was honoured to be admitted as a
post-graduate student to the highly-respected school
of theoretical oceanography at the Hydrometcentre of
Union of Soviet Socialist Republics (USSR).

Sylvie Castonguay, Communication and Public Affairs Office and
Stefano Belfiore, Cabinet and External Relations Department
1

24 | WMO Bulletin 64 (2) - 2015

For the next 20 years, until 1998, I worked at the
Hydrometcentre in different capacities, from junior
researcher to head of marine prediction research
laboratory. My PhD thesis in 1982 and my first monograph
in 1986 were devoted to an analytical study of the
ocean baroclinic layer, the “thermocline”, and the ocean
circulation.
In the mid-1980s my professional path took a sudden
turn, when I was assigned to work in a small group of
selected young scientists on the development of the first
Soviet technology for medium-range weather prediction.
My task was to implement parameterizations of subgrid physical processes (turbulence, clouds, surface
processes) into the predictive atmospheric model.
This was how oceanographic and meteorological paths
crossed for me. My previous studies on the modelling
of turbulence in stratified liquids were instrumental
in fulfilling the assignment. The group successfully
completed the project, and in mid-1980s the USSR
started to issue medium-range weather predictions.
The experience gained in this work was the cornerstone
of my doctor of sciences (degree equivalent to senior
doctorate or habilitation in some countries) thesis, which
was devoted to combining atmospheric and marine
meteorological forecasting. I defended it in 1995. After
that, I conducted research in a number of environmental
disciplines and developed some other models. The one
dearest to me is a spectral third-generation wind wave
model with an implicit semi-Lagrangian numerical
scheme permitting exceptionally long time steps. It
was demonstrated at the World EXPO 1998 in Lisbon.
So, for me, meteorology and oceanography simply
cannot be separated. They are the closest parts of
the Earth System science and go well together under
the term “hydrometeorology”. I would define the
science of climatology as a longer-term synthesis

of atmospheric science, oceanography, land surface
science, and hydrology that is founded on mathematics,
physics, chemistry and biology and which increasingly
implicates governance, economics, behavioural sciences
and sociology.

of longer-term events, such as droughts, and its work on
sea-level rise assesses coastal zone risks. This means
that our products and services cover practically all
predictable natural hazards in the Earth system. Their
value to humanity cannot be overestimated, and I believe
that their efficiency and sustainability will be further
facilitated through the enhanced use of the multi-hazard
early warning systems. This approach is spearheaded
by the WMO and was endorsed by the 3rd UN World
Conference on Disaster Risk Reduction in Sendai in
March 2015. The complementarity of WMO and IOC
also opens the perspective of expanding our joint work
particularly in the areas of education and training and
more generally in capacity development.
What are the challenges ahead for WMO -IOC
cooperation?

Vladimir Ryabinin’s first ocean cruise in 1976
IOC and WMO have a longstanding history of cooperation
in ocean sciences and observations. In your opinion,
what are its most important achievements?
The fact that the predecessor to WMO, the International
Meteorological Organization, was established in 1873
as an outcome of the first international conference of
marine meteorologists held in 1853 in Brussels illustrates
well the importance of oceans to the Organization. The
goal of that Conference was “establishing a uniform
system of meteorological observations at sea, and of
concurring a general plan of observation on the winds
and currents of the ocean”.
The broad cooperation of IOC and WMO has been widely
discussed, most recently in January 2015 in Geneva at
the meeting between the officers and Secretariats of the
two organizations. The IOC was established in 1960, and
the first joint WMO-IOC project, the Integrated Global
Ocean Services (initially Stations) System, started in
1967. The current highlights in our cooperation are
the co-sponsorship of several fundamental observing
systems, the Joint WMO-IOC Technical Commission
for Oceanography and Marine Meteorology (JCOMM),
and WCRP.
But what I would really like to emphasize is the extreme
complementarity of our agencies. IOC leads on ocean
observations via the Global Ocean Observing System
(GOOS). WMO leads on the Global Climate Observing
System (GCOS) and runs a system for prediction and
early warnings for meteorological and hydrological
events of fast and slow onset. IOC leads on tsunami
warnings. Through JCOMM, marine meteorological
hazards are predicted. WCRP studies the predictability

My service for WMO started in 1984 when I was appointed
the WMO Regional Association II (Asia) Rapporteur on
specialized marine meteorological services. Among
other notable roles, I recall working as the Chair of the
WMO Commission for Marine Meteorology Working
Group on Wind Waves. In mid-1990s while at WMO, I got
involved in IOC activities, namely, the development of
GOOS, through its Strategy Subcommittee and, later, as
a vice-chair of the GOOS Intergovernmental Committee.
I was also a member of the JCOMM transition team.
With this multi-decadal experience, I could not help
but develop a sense of ownership of and care for the
ocean-related work in both IOC and WMO.
In my view, the main challenge ahead is to sustain and
enhance the observing systems and related services
under ever more stringent financial limitations and to
guide their development with the aim of maximizing
their contributions to sustainable development. Greater
awareness creation and even stronger coordination of
WMO and IOC activities will be required to meet this
challenge. I think that complementarity of IOC and WMO
calls for developing joint strategies and plans.
Fast technological developments are supporting the
growth of operational oceanography and the provision
of ocean forecasting services to a number of economic
sectors. How do you see the collaboration between
WMO and IOC on this subject?
I think that oceanographic information services will
continue to expand significantly. Population growth
trends compel a green/blue economy for continued
life support on our planet. IOC is spearheading the
planning and preparatory work on the UN sustainable
development goal on the oceans. In accordance with the
provisions of the UN Convention on the Law of the Sea,
IOC is the UN organization mandated for oceanographic
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capacity development and transfer of marine technology.
I believe that the strategy for oceanographic support
to sustainable development and the blue economy
should be twofold. On one side, we need cutting edge
oceanographic research. On the other, we need to
mainstream practical oceanographic applications in areas
such as the production of renewable energy, sustainable
fisheries, mariculture, desalination of water, coastal
zone management, tourism, conservation of marine
biodiversity, support to marine reserves, shipping,
and so on.
Each of these applications requires research,
observations, related international standards, and
capacity development. Both IOC and WMO should
continue to support such services and their expansion,
while working in coordination with the private sector.
Ocean observations and their assimilation into models
are a prerequisite for all long-range predictions. I spent at
least two years working on the Research and Modelling
plan for the Global Framework for Climate Services
(GFCS), and I keep hoping that we will start to implement
the ideas outlined in the plan.
In your opinion, how can science-based organizations
like WMO and IOC facilitate the translation of results
from monitoring and research into policies to mitigate
and adapt to climate change?
IOC is working very hard to raise awareness about
the role of the ocean in climate and about the adverse
impacts on the ocean of anthropogenic climate change.
A key message to the world is that the ocean is getting
“hot, sour, and breathless”! A new line of cooperation
between IOC and WMO is in monitoring carbon, which
includes reporting on ocean acidification through the
WMO Greenhouse Gas Bulletin.
The translation of results from monitoring and research
into policies is most important. On one side, climate
science has presented to the world a very telling,
convincing and worrying message on the future climate.
This message is corroborated by past and current
observations. A similar SOS message is coming from
researchers in biodiversity. If nothing is done, a bleak
future of conflict and extreme scarcity of basic lifesupport amenities lies ahead. But on the other side,
the reaction of decision-makers to these messages is
far from sufficient.
There are clear reasons for this inaction. On a “macro
scale”, our political systems are suitable to address
national problems but much less so global issues. The
UN and international organizations fill this important
gap in governance. As individuals, homo sapiens reacts
efficiently to imminent threats, giving them priority
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over less obvious (theoretical) or delayed risks, such as
those associated with the climate change. The classic
Intergovernmental Panel on Climate Change (IPCC)
approach, “policy relevant but not policy prescriptive”
identifies the threat well but falls short on triggering
action.
Therefore, I think that WMO and IOC should strive
to encourage scientists to act as honest brokers of
adaptation and mitigation measures. Also, the knowledge
and “spirit” of sustainable development should be
a part of the modern education system, culture and
ethics. This is where UNESCO comes in. Last but not
least, we need to engage youth and strive to promote
among them important values, such as honesty and
modesty, interests in science, art, culture and sports,
and to discourage egoism and excessive consumption.
Leading by example is key.
The Arctic and Antarctic are witnessing rapid and
dramatic transformations and the environmental and
socioeconomic consequences are felt far beyond. How
can IOC and WMO contribute to address these issues?
My work in the Arctic started in 1989 when I was
the principal investigator of a study of bottom ice
gouging in the Baydaratskaya Bay, which was a part
of an environmental impact assessment for a large
offshore project in the Kara Sea. This engineering
study required cutting edge environmental research. It
was completed in the mid 1990s and gave me a sense
of the complexity and sensitivity of the Arctic. In the
2000s, my polar work continued under WMO and WCRP,
including the Arctic Climate System Study (ACSYS)
and Climate and Crysphere (CliC) projects and support
for the International Polar Year 2007-2008 (IPY). Large
investments into research during IPY resulted in a number
of scientific successes, but polar observing systems and
services still remain well below par. There are several
reasons, chief among them are the severity of the polar
environment, shortage of resources and the resultant
waning of ambition on a number of international attempts
to establish such systems.
Since 2011, a team of like-minded colleagues from
leading international agencies has been studying the
“polar challenge”. The team, of which I am a part, has
agreed that “what happens in the poles, does not stay in
the poles” and that “changes in the Arctic outpace our
understanding”. As no single organization is in position
to achieve its polar objectives on its own, we have also
agreed that there is a strong need for a common plan
for polar research, observations and services to which
organizations with polar interests would contribute.

WMO and its sponsored programs, such as World
Weather Research Programme and WCRP, run a
number of successful polar projects and initiatives.
The WMO Executive Council Panel of Experts on
Polar and High Mountain Observations, Research and
Services (EC-PHORS) acts as a WMO-based platform
for coordination of polar and alpine activities. I believe
that all agencies, including WMO – a leader in polar
activities – would gain a lot from establishing a true
multi-agency polar partnership, which would engage
with all key stakeholders on an equal footing.
The proposed International Polar Partnership Initiative
(IPPI), further development of which was endorsed in
2015 by both 17th World Meteorological Congress and
28th IOC Assembly, is at present the most effective way
to strengthen coordination between the organizations,
increase the efficiency of polar work, create incentives
for investments into polar activities, and move polar
observations, research and services forward with the
engagement of local and indigenous people. Only joint
work, together with end users, can sustain polar activities
into the future.

Ocean Institute. My work as a manager will always be
fashioned by the example of my first WCRP Director,
David Carson, a hallmark of tact, honesty, sense of
humour and professionalism. The Director-General of
UNESCO, Irina Bokova, a true leader and self-sacrificing
defender of culture, world heritage, rights for education
and ethical values of the world, is a source of inspiration
for my work as Executive Secretary of IOC.

Vladimir Ryabinin and former IOC Executive Secretary Gunnar
Kullenberg at the Headquarters of the International Ocean
Institute, Malta, in spring 2000
I am motivated and honoured to lead the highly
professional and devoted team of the IOC Secretariat,
but I will never forget the exciting work for WMO – for
14 years as a staff member and more than for 30 years
as an expert. I met so many wonderful people in the
WMO community and many of them became my friends.
Unfortunately, the Bulletin would not give me the space
to name them all. I wish to deeply thank them for being
a part of my life.

UNESCO Director-General Irina Bokova and the IOC Executive
Secretary Vladimir Ryabinin meeting with IOC Chair Peter
Haugan and IOC Vice-Chairs Stephen Hall, Alexander Postnov,
Somkiat Khokiattiwong and Ariel Hernan Troisi. These IOC
officers were elected by the 28th IOC Assembly in June 2015
Is there a message you would like to convey to the
WMO community?

It is my distinct pleasure and honour to warmly
congratulate Dr Petteri Taalas on his election by the
17th World Meteorological Congress as the new WMO
Secretary-General and to wish him great success in
leading the Organization towards new professional
heights. I am sure that cooperation between WMO and
IOC will help us to make this world a better and safer
place to live in.

This interview gives me an opportunity to publicly
thank three persons of particular importance to my
professional development. From the period before I
joined the WMO Secretariat, Gunnar Kullenberg, an
IOC Executive Secretary who is still remembered with
profound admiration by its long-serving staff, ingrained
in me the interest in ocean governance, and I still feel
indebted to him for the great credit accorded to me
when I was selected by him and Elisabeth Mann Borgese
to serve as the Executive Director of the International
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Photographic Essay:

Sink
or
Swim
Designing for a Sea of Change
An exhibition by Annenberg Space for Photography

Gaibandha District, Bangladesh,
2010. During the harvest of jute,
villagers rest above the floodwaters
of the surging Brahmaputra River.
Global Green’s Holy Cross com-

A simple adaptation in flood-prone

munity project, Lower Ninth Ward,

areas is building every house on a

New Orleans, Louisiana, USA .

two-meter tall mud plinth.

Photo: Stephen Wilkes

Photo: Jonas Bendiksen

Ganvie, Benin. Photo: Iwan Baan

Stilt houses, Ganvie, Benin.
Photo: Iwan Baan
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Watervilla de Omval, Amsterdam,
the Netherlands. Photo: Iwan Baan

TV in the sand post Hurricane Katrina, Bay St.
Louis, Mississippi, USA. Photo: Stephen Wilkes
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Arambagh, Dhaka,
Bangladesh, 2009. After a
night of heavy rain, Dhaka
experienced widespread
flooding around the city.
Photo: Jonas Bendiksen

Tacloban, Philippines, 20 November 2013. A man hammers away
amidst the destruction caused byTyphoon Haiyan (also known as
Yolanda), which hit the islands of Leyte and Samar on 8 November
2013. Photo: Paula Bronstein/Reportage by Getty Images

A woman makes her way down the seawall along the Kitakama and Ainokama
coastline in Sendai, Japan. After the tsunami in 2011, the Japanese government has
spent billions of yen on the reconstruction of a 31.8 km seawall along the Sendai
coastline. Photo: Paula Bronstein
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Pabna, Bangladesh, 2010. The nongovernmental
organization Shidhulai Swanirvar Sangstha runs a
fleet of more than 50 floating schools and libraries
in an effort to provide basic education in a severely
flood-prone area. Photo: Jonas Bendiksen

The roller coaster from the boardwalk in Seaside
Heights, New Jersey, USA, partially submerged in
the ocean after Hurricane Sandy. Photo: Stephen
Wilkes courtesy of Peter Fetterman Gallery
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Andrew Thompson

The Polar Challenge:
Pushing the Boundaries of
Observations for Climate
Research and Services
By WMO Secretariat1

The cryosphere is a major indicator of global climate
change and plays a fundamental role in the climate
system. Despite advances in numerical modelling, the
reliability of long-term climate change predictions in the
Arctic and Antarctic are severely limited by the lack of
systematic in situ observations of and beneath the sea ice.
For this reason, the World Climate Research Programme
(WCRP)1 and the Prince Albert II of Monaco Foundation
are sponsoring a Polar Challenge2 that will reward the first
team to complete a 2 000 km mission with an Autonomous
Underwater Vehicle (AUV) under the Arctic or Antarctic
sea ice. Bonus awards will go to the team that has taken
regular measurements of sea ice thickness and to those
who successfully transmit their under-ice position and
environmental data to operational networks.

challenges for AUVs under sea ice, but the integration
of some recent innovations – for example in power
systems, navigation and communication techniques –
could expand the range of their application.
WCRP and the Prince Albert II of Monaco Foundation
aim to stimulate AUV technological innovation in order
to build a cost-effective and scalable observing network
for regions covered by sea-ice. The goal is to achieve
what ARGO3 has accomplished for the open ocean.

In situ ocean observation networks in the polar regions
are sparse and conducting such observations is inherently
expensive and risky, even more so under the sea ice. A
new paradigm is required to complement remotely sensed
Earth observations. WCRP and the Foundation promote
AUV technology for under ice observations due to its
potential scalability, limited risks and cost-effectiveness.

The challenges of under-ice observations
Different types of AUVs are already operating in ice-free
zones around the world, surfacing regularly to obtain a
GPS (Global Positioning System) fix and to transmit near
real-time environmental data. They are able to collect
high-quality oceanographic observations – temperature,
salinity, chlorophyll concentration, pH levels and more
– at a much lower cost compared to ship-based and
other conventional observing systems. Operating range,
positioning and data transmission represent major
Michel Rixen, David Carlson, Mike Sparrow, Boram Lee and Matthias Tuma, World
Climate Research Programme
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The competition
Registration for the Polar Challenge competition will open
at the beginning of 2016 when the details of the prize
will be announced and the competition itself will start.
Competitors are responsible for mobilizing their own
resources for attempting the Challenge. The prize will
represent a significant incentive for teams with adequate
capabilities to attempt the Challenge missions, taking
into account the costs of engineering developments,
operations and the AUV itself.

All competitors will have to demonstrate that they made
best efforts to minimize environmental impacts. The
full science data sets will have to meet expected quality
standards and be made freely available to the scientific
community. Completion of the missions is subject to
final validation by the Challenge Committee. Challengers will retain the intellectual property rights to the
knowledge that they have developed in the framework
of the challenge.

Detailed rules of the Challenge are currently being
developed. Subject to further refinements, however,
they are as follows:

Some competitors may decide to leverage in situ field
experiments planned within the “Year of Polar Prediction” from 2017-2019 (see http://www.polarprediction.
net/yopp.html), but other options could be considered
at their own discretion.

Main mission (mandatory)

The long-term benefit

•

A continuous 2 000 km AUV mission under the sea
ice;

•

Defined deployment and recovery areas via planned
mission;

•

Autonomous navigation; and

•

Regular observations of temperature and salinity
from the near-surface to a depth of at least 700
metres.

This initiative is co-sponsored by the European Space
Agency (ESA), the Global Climate Observing System
(GCOS), the Group on Earth Observations (GEO), the
Intergovernmental Oceanographic Commission (IOC)
of UNESCO and the Scientific Committee on Oceanic
Research (SCOR) and endorsed by the International Arctic
Science Committee (IASC), the Scientific Committee
on Antarctic Research (SCAR) and WMO. It is aligned
with WCRP research priorities, in particular the Grand
Challenge on Melting Ice and Global Consequences,
and the Grand Challenge on Regional Sea Level Rise. It
contributes to WMO polar initiatives such as the Global
Cryosphere Watch (GCW) and the Global Integrated Polar
Prediction System (GIPPS) and the Global Framework
for Climate Services (GFCS).

Bonus demonstration 1 (optional)
•

Regular observations of sea ice thickness or draft.

Bonus demonstration 2 (optional)
•

Successful under-ice transmission of position and
environmental data onto operational networks such
as WIS/GTS.

If successful, this initiative will make a tremendous
impact by shaping climate research in the polar regions.
New collocated multidisciplinary data sets of sea ice
and under-ice properties at unprecedented temporal
and spatial resolution far into unexplored territories
could revolutionize our knowledge of climate change,
for example, in the areas of heat fluxes and storage,
fresh water exchanges, carbon sequestration and ocean
acidification, in those regions.
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Once the concept is proven, it could be scaled up into a
game-changing ocean monitoring network for the poles
with wide-ranging benefits for climate research and services as well as for other sectors such as environmental
protection, weather forecast, tourism, safety, security,
transport, energy, biodiversity, fisheries and insurance.

Underwater Glider Technology
The Polar Challenge does not impose restrictions on
the type of autonomous underwater vehicle (AUV),
as long as it complies with the Challenge rules – in
particular, autonomous operation and navigation.
However, its ambitious objectives narrow down the
range of candidate AUV types.
The class of AUV that quite naturally lends itself to
the Challenge is the underwater glider. Such AUVs
can effect gentle changes in their own buoyancy and
orientation (attitude), which permit them to move
forward when not in neutral buoyancy. Thus, they
can traverse oceans in sawtooth-like patterns from
the surface down to 1 500 metres and beyond with
minimal energy requirements.

core functional elements of buoyancy modification,
methods for pitch and roll modification, GPS and
satellite data transceiver (active when surfacing),
dead-reckoning equipment and data storage (active
during dives), plus payload sections for scientific
sensors.
Notable recent landmarks in glider development and
deployment include the first transatlantic crossing
(7 400 km in 221 days) in 2009; and the introduction
of thermally-powered gliders, which use ocean
temperature changes, instead of battery power, to
control buoyancy and minimize energy requirements.
For the upcoming Polar Challenge, competing teams
will need to implement technological innovations
for GPS-less under-ice navigation during potentially
the entire mission. This constitutes a major scenario
change from open-ocean glider operations, where
GPS fixes at the surface can correct dead-reckoning
estimates at regular intervals. For the Challenge's two
bonus demonstrations, novel setups of measurement
and communication technology will be required as
well. Successful approaches to these technological
challenges will be invaluable steps for making
autonomous glider fleets truly global.

34 | WMO Bulletin 64 (2) - 2015

Jean-Claude Gascard

Teddy Seguin

Cathy Colless

The idea of operating fleets of underwater gliders to
conduct ocean measurements at a global scale was
widely disseminated through a visionary article by
H. Stommel in 1989. Today, several different designs
and vendors exist, and glider missions have become
standard elements of ocean research portfolios
around the globe. Common to all glider types are the

Additional contributions from the public and private
sector are most welcome to support this effort and to
complement the Prize money award. For more information, please visit www.wcrp-climate.org/polarchallenge)
or contact us at polarchallenge@wcrp-climate.org.

Meteo Data Use Could Help
Raise Level of Preparedness
for Postal Services

By Universal Postal Union and United States Postal Service

“Neither snow nor rain nor heat nor gloom of night
stays these couriers from the swift completion of their
appointed rounds.” This phrase, engraved on the side
of the James A. Farley Post Office Building in New York
City, has become the unofficial motto for the reliability of
postal services. Yet, by virtue of their extensive networks
and reliance on critical infrastructure, postal services
can be profoundly affected by disasters, especially those
related to natural meteorological hazards and extremes.
Postal services must maintain facilities and employ
staff across the territories they cover in order to provide
universal service to the population. These facilities
sometimes operate seven days a week, 24 hours a
day. It is more than likely that postal operations will be
affected whenever an emergency occurs anywhere on
their territory; however, this article will focus on risks
related to meteorological hazards. Through highlights
of recent events in the Philippines, Bosnia-Herzegovina
and Vanuatu, it will illustrate the disruptive effects that
extreme weather can have on postal operators. A case
study from the United State Postal Service (USPS)
will also be used to demonstrate the importance of
meteorological information to day-to-day postal services.
The Universal Postal Union (UPU), the specialized agency
of the United Nations that serves the global postal
sector, leads international efforts aimed at helping
postal services deal more effectively with the increasing
frequent and ever more intense natural weather events
that are occurring in the context of climate change.

Risks for postal operators
The personnel and assets of postal services can be
jeopardized by high intensity weather such as severe
storms, high-speed winds, heav y rain, snow or
other precipitation and extremes such as tornados
and hurricanes. Their impacts – including extreme

temperatures, wind, flooding, landslides and mudslides
– may pose health and safety risks to postal employees
and cause damage to critical infrastructure. This is true
regardless of the size of the postal sector in a given
country.
A modern postal service cannot function without
basic infrastructure and networks for electricity,
communications and transport – ranging from motor
vehicles to railways and airlines. When storms result
in blackouts or cancelled flights, it is challenging to
deliver mail on a normal schedule. Weather and climate
impacts threaten the continuity of postal operations and
the performance of essential duties by public agencies
even during emergencies.
The long-term impacts of climate change, such as
sea level rise or drought, are also concerns for postal
services located on flood-prone coastlines or exposed
to, for example, the risk of forest fires. These slow onset
events can destroy roads and postal facilities, making
the processing and delivery of mail impossible. Climate
scientists expect the frequency and severity of weather
extremes to increase due to climate change, making
disaster risk reduction planning at the national and
international level more important for postal services.

Extreme weather
Recent disasters offer an overview of the kind of damages
postal operators need to cope with due to extreme
weather events. In November 2013, Typhoon Haiyan
struck the Philippines, taking upwards of 6 000 lives
and displacing millions. Described as the worst natural
disaster in the country’s history, it left devastation in its
wake. Postal facilities were not spared. In the Eastern
Visayas region, where the storm hit hardest, post offices
and equipment were damaged or destroyed. In the City
of Tacloban, the post office that serves as a regional
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distribution centre for about forty towns required a
complete renovation after hurricane-force winds and
surging waters knocked down walls, smashed windows
and tore apart the roof.

assistance policy. But these examples show that there
is also need for advance preparation in order for postal
operators to avoid the worst consequences of natural
meteorological hazards.

Day-to-day in the United States Postal Service

The Post Office in Tacloban, Philippines was destroyed by
Typhoon Haiyan in November 2013 and required a complete
renovation
In May 2014, several Balkan countries experienced
flooding and landslides following heavy rainfalls. BosniaHerzegovina saw 25 killed and 90 000 displaced by
the storm. The flooding also caused an estimated 1.9
million Euros (US$ 2.1 million) in damages to 19 Pošte
Srpske buildings that were either completely or partially
destroyed.
In December 2014 and January 2015, heavy seasonal
rainfall resulted in large flooding in Malawi, which caused
extensive damage to crops, livestock and infrastructure,
including the postal network. Four post offices, two from
the Southern Region and two from the Northern Region,
were destroyed and postal operations were suspended
in the affected areas.
In each case, and in many more, the UPU supported
the affected postal services through its emergency

Postal services rely on meteorological information to
prepare and react to severe and extreme weather. At the
beginning of each day, the USPS, for example, issues
a weather report to its operations managers based on
official National Oceanic and Atmospheric Administration
(NOAA) National Weather Service, as well as other
open source, weather information. Beyond providing
an overview of general conditions, the focus is on
severe weather that could potentially impact operations
such as a thunderstorm that could cause flooding that
may disrupt USPS transportation systems. In summer
months, areas with high temperature are highlighted for
letter carriers who work outdoors in such conditions. In
winter, extreme low temperatures are emphasized for
the same reason.
Potential tropical cyclones are also highlighted. If a
potential extreme weather event will impact employees
and infrastructure, additional detailed and locationspecific forecasts, with mapping using GIS, are provided
to operations managers on site. Based on this information,
operations managers take preparatory steps such as
ensuring that employees are advised of emergency
procedures, that infrastructure is secure and that any
operational and network adjustments are carried out.
Due to the continuing drought in the western part of
the United States, preparations for wildfire response
are also regularly updated to improve the handling of
such threats. USPS also takes account of meteorological
information, both historical and forecasts for longer-term
changes in weather patterns, in determining facility
location and construction.

Map of historical occurance of
disasters reveals the potential
vulnerability of the international
postal network (Source: USPS)
Tropical cyclones zones
Earthquakes
Tsunamis
Location of facilities for the
exchange of international
postal items
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The illustration from a report on
Hurricane Sandy, sent to USPS
operations managers on 29 October
2012, which maps the meteorological
information (the track of the storm)
indicating locations of major postal
infrastructure (Source: USPS)

International partnership
In the framework of its disaster risk reduction management
policy, the UPU is helping its 192 member countries to
prepare for, react to and recover from disaster that
relate to natural hazards and extremes. The use of
climate and weather information and predictions by
postal operators in planning, policy and practice is a key
component to improve the resilience of postal networks
and for disaster risk reduction. Postal operators would
most certainly benefit from better access to targeted
and tailored weather and climate information to inform
their decision-making on disaster risk reduction efforts
to reduce economic losses and build resilience.

Use of Weather Data for Predicting Postal
Delivery Times: UPU prEDI
Predictabilit y of postal ser vices is impor tant
to customer satisfaction in a time of booming
e-commerce. Weather conditions can be disruptive
to the smooth handling of shipments along the
postal supply chain. This is particularly relevant for
international postal exchanges that go through a
much higher number of facilities and locations as they
transit from their places of origin to their destinations,
using various networks, such as international airlines.
In these circumstances, international transportation
and handling contribute to greater volatility in the
end-to-end quality of service performance of postal
operators as they are particularly sensitive to weather
conditions.
The prEDI algorithm in development by UPU is being
designed to estimate delivery dates and times by using

The vision and objectives of the Global Framework for
Climate Services (GFCS) respond to that need. Postal
networks could facilitate access to weather and climate
information at local levels and be partners in early warning mechanisms and systems as is already the case in
several countries such as Japan.
A cooperation agreement between WMO and UPU is
currently in preparation on addressing postal sector
disaster risk reduction challenges through weather
and climate information and on the opportunities that
the postal networks offer to reach out to people and
communities when disaster strikes. This could enable
the postal sector to further benefit from weather and
climate data to increase their level of preparedness in
the face of difficult times.
billions of international tracking events, available
through UPU’s POST*Net electronic data interchange
or EDI system. Weather data is expected to play a
critical role in the algorithm.
Given that extreme weather conditions cannot
necessarily be predicted when a customer orders
online, prEDI will be programmed to reassess all
probabilities in real time as soon as the occurrence
of a major meteorological disturbance is confirmed.
The customer, as well as any partner in the postal
supply chain, could then be immediately informed
about the new predicted arrival day and time. With
greater variation in weather conditions and increases
in extreme weather occurrences, integrating weather
data into the UPU’s prEDI system could play an
important part in managing customers’ expectations
and increasing predictability of international postal
services.
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A Pathway to Climate
Services for SIDS

By WMO Secretariat1

Caribbean, Pacific and Indian Ocean Small Island
Developing States (SIDS) are extremely vulnerable to
hydro-meteorological hazards. In the coming years, climate
change is likely to increase the frequency and severity
of such hazards in these islands while simultaneously
increasing vulnerability by damaging ecosystems and
wiping out livelihoods. Thus, in a bid to increase resilience
to extreme weather events and the adverse impacts of
climate change, the World Meteorological Congress in
June approved the establishment of a new programme
to support and enhance weather and climate services in
SIDS and Member Island Territories. 1

Fragile islands under threat
Situated mostly in the tropics, SIDS are struck by
cyclones, thunderstorms, lightning, coastal storm surges,
river, coastal and flash flooding, drought, strong winds,
heat waves, and dust or haze on a regular basis. These
hydro-meteorological hazards can severely impact
vulnerable and exposed SIDS by taking lives, destroying infrastructure and livelihoods, and causing coastal
erosion, landslides, mudslides, epidemics, and the
movement and spread of toxic substances and, occassionally, volcanic material. Such events have hampered
the socio-economic development of already fragile SIDS
economies, which often have limited possibilities – in
many cases on tourism development – and are sensitive to external price shocks. They are largely reliant on
local markets, subsistence farming, fisheries and natural
resources to maintain livelihoods.

followed, the Fifth Assessment Report (AR5) of the
Intergovernmental Panel on Climate Change (IPCC)
projects that temperatures in the tropics could increase
by 1.4° to 4.4°C, relative to 1986-2005, by the end of this
century. Sea levels in the Caribbean and Pacific could
rise by 0.5 to 0.9 metres, threatening low-lying island
regions, and ocean acidity could increase by 0.07 to
0.32 pH units, threatening fisheries and livelihoods. The
impact on many SIDS could be devastating.

Strength in partnerships
The weather services of SIDS possess talented and
skilled people. The islands can also count on each other
for assistance. For example, Tonga lacked the necessary
observations to track the approach of Cyclone Evan in
2014, but its meteorological service could call on the
service centres of other islands to obtain wind speed
estimates and related data. Caribbean, Indian and Pacific
SIDS have all created partnerships to develop a critical
mass of operational capacity. These include:
•

Caribbean Community Climate Change Centre (5Cs);

•

Caribbean Institute for Meteorology & Hydrology
(CIMH);

•

Indian Ocean Commission (IOC);

•

Secretariat of the Pacific Regional Environment
Programme (SPREP);

•

Secretariat of the Pacific Community (SPC), Applied
Geoscience and Technology Division(SOPAC); and

Climate science predicts that the frequency and severity
of climate and weather-related disasters will be heightened in the coming decades due to human-induced
climate change. Depending on the mitigation scenario

•

Intergovernmental Oceanographic Commission (IOC)
of the United Nations Educational, Scientific and
Cultural Organization (UNESCO) (see also the Joint
WMO-IOC Technical Commission for Oceanography

Tamara Avellan, Global Framework for Climate Services and Sylvie
Castonguay, Communications and Public Affairs Office
1
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and Marine Meteorology).

Most Small Island Developing States are located between the tropics of Cancer and Capricorn. They are vulnerable to severe
tropical weather events, such as cyclones and hurricanes, and to storm surges and coastal inundations
But given the small size of the island states and the challenges ahead, further progress in coping with weather
and climate-related extremes will also depend on making
greater investments in observing networks, communication systems and service delivery. The equipment and
human resources needed for the delivery of quality
weather services are expensive. Governments must
understand the high payoff of investments in weather
and climate services in terms of lives saved, property protected and economic gains achieved. A better
understanding of the contribution of weather services
to sustainable development more broadly will also help
to influence investment decisions. SIDS governments
will have to engage with donor partners to ensure
that investments in weather services are sustainable.
The meteorological services of SIDS also need to gain
greater access to information from the leading global
weather centres.
These are all areas in which WMO plays an important
role in supporting small islands. The new WMO SIDS and
Member Island Territories programme will consolidate
those activities.

WMO activities in SIDS
WMO invests in activities to maintain and restore existing
weather and climate observing stations, to train local staff
in the maintenance, calibrate and repair equipment, and
to build the capacity of national meteorological services
to archive, analyse and report on current weather and
climate data. SIDS have benefitted from a number of
WMO projects: the rebuilding of an entire meteorological
service in Haiti, the strengthening of the CIMH, a regional
entity located in Barbados, and community level work on
early warnings of the Finnish-Pacific Project (FINPAC).
The WMO Tropical Cyclone Programme (TCP) has a
strong focus on SIDS in the Indian and Pacific Oceans as

well as in the Caribbean Sea. It coordinates the national
and regional systems that it helped to establish (page
40) in order to minimize the loss of lives and damage
to property by tropical cyclones.
The TCP is supported by the Severe Weather Forecasting
Demonstration Project (SWFDP), which strengthens the
capacity of national meteorological services in developing and least developed countries, including SIDS,
to deliver improved forecasts and warnings of severe
weather to save lives, livelihoods and property. Participating countries are able to benefit from advances in the
science of weather forecasting, especially the dramatic
developments in numerical weather prediction (NWP)
systems, including ensemble prediction systems (EPS)
that give guidance to weather forecasters in advance
of potential hazardous weather conditions. The SWFDP
has improved the lead time for and reliability of early
warnings for high-impact events such as heavy precipitation, severe winds and high waves. It has enhanced
the interaction between meteorological services and
disaster management and civil protection agencies,
local communities and media. SWFDP is making a major
contribution to disaster risk reduction and is benefiting
socio-economic sectors such as agriculture, fisheries,
aviation and shipping.

Regional cooperation and networking
WMO Regional Climate Centres (RCCs) and related
Regional Climate Outlook Forums (RCOFs) are also
benefitting SIDS. Since 1997, RCOFs have formulated
and disseminated regional seasonal climate forecasts
to users of climate information and policymakers. Over
the years, they have brought climatologists together
with users from various socio-economic sectors such
as agriculture, energy, water resource management,
health, disaster risk management, tourism, wildlife,
marine resources and many more. Virtual RCOFs are
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also organized to facilitate the production of seasonal
forecasts. These forums have made an enormous contribution to improving the quality of seasonal rainfall
outlooks and the dissemination of climate information
and prediction products for early warnings and for other
applications in various sectors. The RCOFs prove beyond
a doubt that pre-disaster mitigation strategies through
the optimal use of climate information and products can
contribute enormously to sustainable development in
different regions.
As RCCs develop, the organization of RCOFs will become
one of their operational activities, carried out in association with participating national meteorological and
hydrological services. In the Caribbean, CIMH has already
been able to institutionalize RCOFs as one of its major
operational activities, providing monthly outlooks on the
Internet and organizing one or two meetings of national

Advances to Tropical Cyclones Forecasting
Advances in tropical cyclone track forecasting around
the globe have been achieved by Regional Specialized
Meteorological Centres (RSMCs) and Tropical Cyclone
Warning Centres (TCWCs). Five-day track forecasts
are now being issued that typically have about the
same accuracy as that of the three-day forecasts
made just a decade earlier. This essentially provides
a two-day longer period for disaster preparedness
activities. The US National Hurricane Center is
preparing to issue seven-day forecasts in the near
future, which is possible owing to improved track
forecast guidance from multiple deterministic models.
In addition, extended-range ensemble prediction
systems (EPSs)(for example, European Centre for
Medium-Range Weather Forecasts (ECMWF) 15-day
ensemble predictions centres and the National
Centers for Environmental Prediction 16-day global
ensemble forecast system) are providing forecasts
of the formation and the subsequent track of the
hazard so that forecasters can obtain some idea of the
possible event, even prior to its formation, and also
build confidence in the performance of the model(s)
in predicting that event.
Improved track forecasts in the western North
Pacific may be expected if arrangements can be
made to extend aircraft reconnaissances to a greater
number of tropical cyclones than are presently being
observed by the Taiwan, Province of China, DOTSTAR
aircraft. Atmospheric motion vectors (AMVs) from
the new-generation Himawari-8/9 satellites based
on observations every 10 minutes are expected to
improve track forecasts in the western North Pacific
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meteorological and hydrological services in the region
per year. These RCOFs also serve as learning events as
they are often preceded by, or become, training sessions
on particular climate relevant topics.

A dedicated SIDS Programme
The new WMO SIDS programme promises to build
on partnerships with other organizations that support
SIDS. It will further coordinate the work of the TCP
and SWFDP and promote the regional coordination
and networking carried out by RCCs in order to attract
more funding for RCOFs and to ensure greater access
to climate services for users. SIDS are under threat due
to human activities, and any delays in mitigating the
impacts of climate change will come at a heavy cost in
lives, property and livelihoods.

where only 30-minute observations are currently
available, and even more so in the western South
Pacific where only hourly observations are currently
available. Similarly, AMVs from the future GOES-R
satellites are expected to improve track forecasts in the
Atlantic and eastern North and South Pacific regions.
While tropical cyclone track forecast uncertainty
guidance is now being provided in various basins, the
use of past five-year average track forecast errors to
specify track uncertainty has its limitations. Situationdependent track uncertainty methods based on the
spread of the consensus track forecast or on the
calibrated ensemble model track forecasts will result
in more accurate uncertainty guidance for forecasters.
However, further studies are proposed to develop the
most effective methods for communicating the risk to
the public, who may not understand the threat of the
tropical cyclone from the track cone of uncertainty.
Research and development of guidance products
on all aspects of tropical cyclones, especially
leading up to and after landfall of the cyclone,
including a specification of forecast uncertainty, is
of vital importance for accurate predictions of the
associated hazards. The operational community
should collaborate with social scientists in order to
develop tools and to provide education and training
for meaningful communication of risks to end users
based on warnings and the forecast uncertainty
associated with these warnings.
Contributed by Russell L. Elsberry, Munehiko Yamaguchi,
Grant Elliott and Hsiao-Chung Tsai

Case Study: Improving Agricultural
Productivity in Tonga
The APEC Climate Center (APCC) is currently developing a forecasting system that takes the unique
geographical characteristics of the Pacific Islands into
consideration. This system will serve the main APCC
portfolio in the Pacific Islands: climate change adaptation in agriculture, water management and health,
among others. A joint GFCS/APCC project in Tonga
offers an example of how agricultural productivity
can benefit from climate data and enhanced agrometeorological services.

•

an automatic weather station (AWS) was installed
in the MAFFF Research Station, thus the first
agro-meteorological data collection has taken
place in Tonga;

•

an agricultural database management system
that houses and archives project data has been
developed;

•

coordination meetings are taking place to ensure
alignment of the project objectives between the
Tongan government and other stakeholders; and

•

rigorous scientific research, through modelling and
field trials, have addressed the goals of helping to
support the economy and food security in Tonga.

Gary J. Wood/Flickr

Other high-value export crops as well as subsistence
crops for local consumption have been identified as
primary target crops for the climate smart agriculture
through state-of-the-art agro-climate services. Based
on the findings from this project and other research,
tools will be developed to translate the science into
knowledge that supports decision-making by farmers
and exporters as well as broader policy decisions by
the Tongan government.

The 2014 drought destroyed 80% of squash harvests in
Tonga
The project, launched in 2014, has four components:
assessment of user needs and capacities, development of an agricultural database, research on the
core relationships between agriculture and climate
through modelling and field trials, and the development and delivery of agro-meteorological services.
The envisioned outputs include 2–7 day warnings for
pests and diseases, a suite of tools supporting farming in decisions on planting dates and crop varieties,
and other advisory services derived from seasonal
climate forecasts.
It aims to deliver climate information services for
Tongan agricultural growers and exporters at a time
of great urgency. The 2014 drought destroyed 80% of
the squash harvest, a main export crop from which
the country derives foreign exchange earnings. The
project team hopes that growers and exporters will
manage future climate risks better with the right tools
and services in place.
The project has already achieved its first milestones:

Tonga Climate Service for Agriculture ( Management )
On 22 July, APCC signed a Memorandum of Understanding with the government of Tonga to strengthen
cooperation and facilitate on-site application of
research outcomes. This will permit APCC to share
its knowledge and experiences, techniques, goods
and services with the government of Tonga to help
cope with climate change. The government of Tonga
will cooperate in turn with APCC by sharing climate
change related information and supporting APCC to
use outcomes from the Tonga work-site.

Contributed by Kwang-Hyung Kim, The APEC Climate Center
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Airborne Dust: A Hazard to
Human Health, Environment
and Society

By Enric Terradellas1, Slobodan Nickovic2 and Xiao-Ye Zhang3

Over the last decade, the scientific community has
come to realize the important impacts of airborne dust
on climate, human health, the environment and various
socio-economic sectors. WMO and its Members, having
started implementation of monitoring, forecasting
and early warning systems for airborne dust in 2004,
are at the vanguard on evaluating these impacts and
developing products to guide preparedness, adaptation
and mitigation policies. 1 2 3
This article will first provide an overview of the dust
cycle and discuss its interaction with weather, the climate
system, and terrestrial and marine ecosystems, before
looking at its impacts on health and diverse economic
sectors. It will then highlight the international network
coordinated by WMO and its ambitious plan for providing
policy-oriented products. The intent is to raise awareness
in National Meteorological and Hydrological Services
(NMHSs) on the extent of the adverse impacts of airborne
dust and to inform readers of WMO efforts to understand
these better. The article highlights the WMO initiative
to provide operational services that can facilitate dust
forecasting and early warning in order to invite other
interested organisations to actively participate in this
important work.

These strong winds lift large amounts of sand and dust
from bare, dry soils into the atmosphere, transporting
them hundreds to thousands of kilometres away.
Gravity keeps dust pinned down on the Earth surface.
The heavier a dust particle – due to size, density or
the presence of water in the soil – the stronger the
gravitational force holding it down. A dust storm can only
occur when the wind force exceeds the threshold value for
the loose particles to be lifted off the ground. Vegetation
serves as a cover, protecting the Earth surface from this
wind (Aeolian) erosion. Thus, drought contributes to
the emergence of dust storms, as do poor farming and
grazing practices or inadequate water management, by
exposing the dust and sand to the wind.

Dust storms are common meteorological hazard in
arid and semi-arid regions. They are usually caused by
thunderstorms, or strong pressure gradients associated
with cyclones, that increase wind speed over a wide area.
State Meteorological Agency of Spain, Barcelona, Spain, eterradellasj@
aemet.es
2
Republic Hydrometeorological Service of Serbia, Belgrade, Serbia,
nickovic@gmail.com
3
Chinese Academy of Meteorological Sciences, Beijing, China, xiaoye@
cams.cma.gov.cn
1
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The dust cycle
Dust storm at Abéché airport, Chad, on 23 November 2007

Some 40% of aerosols in the troposphere (the lowest
layer of Earth’s atmosphere) are dust particles from
wind erosion. The main sources of these mineral dusts
are the arid regions of Northern Africa, the Arabian
Peninsula, Central Asia and China. Comparatively,
Australia, America and South Africa make minor, but
still important, contributions. Global estimates of dust

emissions, mainly derived from simulation models, vary
between one and three Gigatons per year.

Airborne dust functions in a manner similar to the
greenhouse effect: it absorbs and scatters solar radiation
entering Earth’s atmosphere, reducing the amount
reaching the surface, and absorbs long-wave radiation
bouncing back up from the surface, re-emitting it in
all directions. Again, the ability of dust particles to
absorb solar radiation depends on their size, shape and
mineralogical and chemical composition. The vertical
distribution of dust in the air (vertical profile) and the
characteristics of the underlying surface are also required
to quantify this impact.

Impacts on human health

Dust plume coming off the Arabian Peninsula on 8 March 2015
at 08:45 UTC captured by the MODIS spectrometer on board
the NASA’s Aqua satellite
Once released from the surface, dust particles are raised
to higher levels of the troposphere by turbulent mixing
and convective updrafts. They are then transported
by winds for lengths of time, depending on their size
and meteorological conditions. Gravitation remains
the major force pulling dust particles back down to
the surface. Together with impaction and turbulent
diffusion, it contributes to what is called dry deposition.
As larger particles sediment more quickly than smaller
ones, there is a shift toward smaller particle sizes during
transport. Dust is also washed out of the atmosphere
by precipitation – wet deposition. The average lifetime
of dust particles in the atmosphere ranges from a few
hours for particles with a diameter larger than 10 µm,
to more than 10 days for the sub-micrometric ones.

Interaction with weather and climate
Aerosols, particularly mineral dusts, impact weather
as well as global and regional climate.4 Dust particles,
especially if coated by pollution, act as condensation
nuclei for warm cloud formation and as efficient ice
nuclei agents for cold cloud generation. The ability of
dust particles to serve as such depends on their size,
shape and composition, which in turn depend on the
nature of parent soils, emissions and transport processes.
Modification of the microphysical composition of clouds
changes their ability to absorb solar radiation, which
indirectly affects the energy reaching the Earth’s surface.5
Dust particles also influence the growth of cloud droplets
and ice crystals, thus affecting the amount and location
of precipitation.

Airborne dust presents serious risks for human health.
Dust particle size is a key determinant of potential hazard
to human health. Particles larger than 10 µm are not
breathable, thus can only damage external organs –
mostly causing skin and eye irritations, conjunctivitis
and enhanced susceptibility to ocular infection. Inhalable
particles, those smaller than 10 µm, often get trapped
in the nose, mouth and upper respiratory tract, thus
can be associated with respiratory disorders such as
asthma, tracheitis, pneumonia, allergic rhinitis and
silicosis. However, finer particles may penetrate the
lower respiratory tract and enter the bloodstream, where
they can affect all internal organs and be responsible for
cardiovascular disorders. A global model assessment in
2014 estimated that exposure to dust particles caused
about 400 000 premature deaths by cardiopulmonary
disease in the over 30 population.6
Some infectious diseases can be transmitted by dust.
Meningococcal meningitis, a bacterial infection of the
thin tissue layer that surrounds the brain and spinal cord,
can result in brain damage and, if untreated, death in 50%
of cases.7 Outbreaks occur worldwide, yet the highest
incidence is found in the “meningitis belt”, a part of
sub-Saharan Africa with an estimated population of 300
million. These outbreaks have a strong seasonal pattern
– many studies have linked environmental conditions,
such as low humidity and dusty conditions, to the time
and place of infections.8 Researchers believe that the
inhalation of dust particles in hot dry weather may
damage nose and throat mucosa creating favourable
conditions for bacterial infection.9 Moreover, iron oxides
embedded in dust particles may enhance the risk of
infection.10

Giannadaki, et al., (2014)
www.who.int/mediacentre/factsheets/fs141/en/
8
Molesworth et al., 2003
9
Dukic et al., 2012
10
Thompson et al, 2013
6
7

4
5

Nickovic et al., 2004; Perez et al., 2006; Wang et al., 2010
Boucher et al., 2013
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Dust also plays a role in the transmission of valley fever
– a potentially deadly disease – in the Southwest of the
United States and in the Northern Mexico by acting as
a transporter of Coccidioides fungi spores.

Map of meningitis belt (in red) and regions of high risk of
epidemics (brown) all other regions may have lower incidence
of outbreaks and sporadic cases (source: World Health
Organization)

Impacts on the environment and society
Surface dust deposits are a source of micro-nutrients
for both continental and maritime ecosystems. Saharan
dust is thought to fertilize the Amazon rainforest, and
dust transports of iron and phosphorus are know to
benefit marine biomass production in parts of the oceans
suffering from the shortage of such elements.11 But
dust also has many negative impacts on agriculture,
including reducing crop yields by burying seedlings,
causing loss of plant tissue, reducing photosynthetic
activity and increasing soil erosion.
Indirect dust deposit impacts include filling irrigation
canals, covering transportation routes and affecting
river and stream water quality. Reductions in visibility
due to airborne dust also have an impact on air and
land transport. Poor visibility conditions are a danger
during aircraft landing and taking off – landings may be
diverted and departures delayed. Dust can also scour
aircraft surfaces and damage engines.
Dust can impact on the output of solar power plants,
especially those that rely on direct solar radiation. Dust
deposits on solar panels are a main concern of plants
operators. Keeping the solar collectors dust-free to
prevent particles from blocking incoming radiation
requires time and labour.

The response of WMO
The WMO Sand and Dust Storm Project was implemented
in 2004 and its Sand and Dust Storm Warning Advisory

and Assessment System12 (SDS-WAS) in 2007. SDS-WAS
enhances the ability of countries to deliver timely, quality
sand and dust storm forecasts, observations, information
and knowledge to users through an international
partnership of research and operational communities.
It operates through two SDS-WAS Regional Nodes:
•

Northern Africa, Middle East and Europe, coordinated
by a Regional Centre in Barcelona, Spain, hosted
by the State Meteorological Agency (AEMET) and
the Barcelona Supercomputing Centre (BSC) and

•

Asia, coordinated by a Regional Centre in Beijing,
China, that is hosted by the China Meteorological
Administration (CMA).

The third Regional Node for Pan-America, recently
established in the USA, with a possible regional centre
hosted by the Caribbean Institute for Meteorology and
Hydrology (CIMH) in Barbados, will focus on the health
implications of airborne dust. And yet another may soon
be established for Western Asia in collaboration with
the United Nations Environment Programme (UNEP).

Regional Centre for Northern Africa, Middle
East and Europe
The main objective of the Regional Centre (RC) for
Northern Africa, Middle East and Europe is to facilitate
user access, particularly for NMHSs, to observational
and forecast products as well as to other sources of basic
information related to airborne dust. Its web portal13
provides NMHSs with the information needed to issue
operational predictions and warning advisories related
to the dust content in the atmosphere.
The RC for Northern Africa, Middle East and Europe
recently established an exchange for experimental
forecast model products among partners for a joint
visualization and evaluation initiative. The reference
area for the initiative covers the main dust sources
in Northern Africa and Middle East as well as main
transport routes and deposition zones from the equator
to the Scandinavian Peninsula. The initiative considers
forecasts of up to 72 hours with a 3-hour frequency.
The nine models listed in the table (below) provide
numerical outputs to the initiative on a daily basis.
Predicted surface dust concentration levels and dust
optical depth values at 550 nm (DOD550), for each
model, are plotted side-by-side daily using a common
colour palette. The product is a powerful tool for issuing
short-term predictions and early warning notices.
www.wmo.int/pages/prog/arep/wwrp/new/Sand_and_Dust_Storm.
html
13
http://sds-was.aemet.es
12

11

Bristow et al., 2010
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Models contributing to the SDS-WAS Model Joint
Visualization and Evaluation for Northern Africa, Middle
East and Europe

Every day, the RC for Northern Africa, Middle East and
Europe generates ensemble multi-model prediction
products: median and means aimed at improving the
forecasting skill of the single model-based approach
and graphs of spreads between the model outputs at
specific times in the future (standard deviation and range
of variation). When the ensemble spread is small and
forecast outputs are consistent within multiple models,
there is greater confidence in the forecast.
The RC for Northern Africa, Middle East and Europe
compares model and multi-model medians with
observational data in order to assess whether these are
successfully simulating dust-related parameters. For this
purpose, sun-photometric observations from 40 dustprone stations of the AERONET network are retrieved
and plotted together with predictions for the same times
and places on graphs. In addition to monthly plots, the
evaluation system computes monthly, seasonal and
annual scores. An evaluation product based on aerosol
optical depth retrievals from the MODIS spectrometer
travelling on board NASA’s geosynchronous Terra and
Aqua satellites has also been developed.

Regional Centre for Asia and Central Pacific
The Regional Centre for Asia and Central Pacific (Asian
RC) supports a global network of SDS-WAS research
and operational partners, including the NMHSs of Japan,
Kazakhstan, Mongolia, People’s Republic of China and
Republic of Korea. It routinely runs one global and two
regional models to provide dust forecast; the CUACE/
Dust forecasting system has been operational since
2007. The results of the different national forecasting
systems – at present China, Korea and Japan – are

shared on a web portal14 maintained by the Asian RC. A
protocol for near real-time exchange of daily numerical
forecasts for a joint visualisation and evaluation has
also been recently established at the Asian RC. The
reference area covers the main dust sources in Central
and Eastern Asia and transport routes and deposition
zones up to the Central Pacific. Similarly to the RC for
Northern Africa, Middle East and Europe, the initiative
considers forecasts of surface concentration and dust
optical depth with a 3-hour frequency up to a lead-time
of 72 hours.

Sand and dust storm forecast for 28 February 2013 at 03:00
UTC issued by the WMO SDS-WAS Asian RC
Models contributing to the SDS-WAS model joint
visualization and evaluation for Asia

The Asian RC has also developed a common threat
scoring system in order to facilitate the advancement
of forecasting techniques and to improve the forecast
accuracy.15

The Barcelona Dust Forecast Centre
In order to develop the operational component of SDSWAS and to transfer the experience gained in the research
phase to the operational services, the Barcelona Dust
Forecast Centre was opened in February 2014, following
the WMO decision that dust prediction was mature
enough to implement operational services. AEMET
and BSC host this Regional Specialized Meteorological
Centre for Atmospheric Sand and Dust Forecasts (RSMCASDF) with the mission to generate and disseminate
operational predictions for Northern Africa (north of
equator), Middle East and Europe.
The forecast fields are generated using the NMMB/BSCDust model run at a horizontal resolution of 0.1 degrees
14
15

http://eng.weather.gov.cn/dust/
Wang et al., 2008
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and distributed through the Centre’s web portal16, through
the WMO Global Telecommunications System and
through EUMETCast, a dissemination system managed
by EUMETSAT based on standard digital video broadcast
technology that uses commercial telecommunication
geostationary satellites to multi-cast files (data and
products) to a wide user community.

H+24 forecast of dust optical depth at 550 nm released by the
Barcelona dust Forecast Centre on 29 March 2014 at 12 UTC

processes and to enhance prediction capabilities. Since
WMO started the SDS-WAS project ten years ago, great
progress has been achieved. Two Regional Centres have
coordinated research and managed to develop tools for
dust observation and forecast.
All interested NMHSs and potential end-users are invited
to use the SDS-WAS products for the region of Northern
Africa (north of equator), Middle East and Europe and for
the Asia region (see the regions covered by the forecast
on the above figures).
The 17th World Meteorological Congress appreciated
that the SDS-WAS, a joint activity between Global Atmosphere Watch and World Weather Research Programme,
has raised awareness and has contributed to a better
understanding of dust-related phenomena. Congress
agreed that the SDS-WAS Science and Implementation Plan: 2015-2020 forms the basis for continuing the
research component of the project. An SDS-WAS Steering Committee as well as a Trust Fund for contributing
Members was established by the Exercutive Council
meeting in June. SDS-WAS welcomes the participation
of other organizations in this work.

Invitation to further research
The WMO SDS-WAS mission is to achieve comprehensive, coordinated and sustained observations and
modelling capabilities for sand and dust storms in order
to improve dust monitoring, understanding of dust
16

http://dust.aemet.es
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References are available in the online version of the Bulletin:
www.wmo.int/bulletin/content/airborne-dust-hazard

Lorenzo Franchi

WMO Prioritizes Gender
Equality

By WMO Secretariat1

We must better understand the needs and use the full
capacities of both women and men to meet development
challenges and serve communities in a world increasingly
subject to the impacts of climate change and weather
extremes. This will not only improve our understanding
of weather and climate but also our use of weather and
climate information.
The WMO is committed to achieving gender equality,
empowering women and building climate resilient
societies. By realizing the full professional and human
potential of both men and women through equal
employment opportunities, we are able to provide
improved weather and climate services that are responsive
and sensitive to women’s and men’s priorities and needs.

Under the slogan “Universal Access – Empowering
Women,” the event brought together 280 female and
male participants from 93 countries and 31 international
organizations, ranging from United Nations agency heads
to local community leaders who brainstormed on how to
empower and protect both women and men working in
weather and climate services. Over 70 speakers delivered
talks and presentations at the high-level plenaries and
participated in the working sessions in which challenges,
solutions and good practice were discussed.

In the last year, WMO launched several gender initiatives
to ensure that gender equality and the empowerment
of women remained at the heart of the global agenda.1

Conference on the Gender Dimensions of
Weather and Climate Services
The Conference on the Gender Dimensions of Weather
and Climate Services in November 2014 aimed at making
weather and climate services more gender-sensitive so
that both women and men could make equally informed
decisions with respect to the four priority areas of
the Global Framework for Climate Services (GFCS):
disaster risk reduction, public health, water resources
management, and agriculture and food security. A special
session on Women and Careers in Weather, Water and
Climate examined ideas on how to attract and promote
more female scientists, in particular, meteorologists,
hydrologists and climatologists.

1

Assia Alexieva, Strategic Planning Office

Participants in the Plenary Session of the Conference on the
Gender Dimensions of Weather and Climate Services
A key outcome of the Conference was the formulation of
actions and mechanisms for making weather and climate
services more gender-sensitive. Women and men often
play different roles primarily due to social norms and
constraints, as well as physical differences. They can,
thus, be affected differently by weather and climate and
they may provide, access and use weather and climate
information differently. In response, weather and climate
services must be designed and communicated in gendersensitive ways. Women also have an important role to
play in the weather, water and climate sciences and hold
profound knowledge of the ecological environment.
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Several examples of issues and actions were highlighted
at the Conference, illustrateing the distinct ways in which
women and men are affected by weather and climate:
Disaster Risk Reduction: In many parts of the world,
women and children suffer disproportionately from natural
disasters, especially if they are less mobile and have less
access to communication than men. For example, of the
140 000 people who died from the flood-related effects of
Cyclone Gorky (1991) in Bangladesh, women outnumbered
men by 14:1. During the 2014 Asian tsunami, more
than 70 percent of those who died were women. Malespecific behaviors also explain certain vulnerabilities.
For instance, most casualties from lightning strikes in
the United States are men as they are more likely to be
“risk-seekers.” Likewise, more men than women died
during Hurricane Mitch (1998) because men were more
likely to be involved in rescue efforts.
A better understanding of how women and men access
and use hazard warnings would lead to improved impactbased forecasts which would help reduce casualties. In
this respect, the collection and use of sex-disaggregated
data on disaster risk reduction would inform the design
of targeted interventions. More attention should also be
given to women’s skills in disaster risk management and
mitigation as they are often the most powerful advocates
of resilience and the driving force behind recovery efforts.
Health: Women are statistically more vulnerable than
men to the health consequences of extreme events,
malnutrition and climate-related diseases such as malaria.
According to the World Health Organization (WHO), they
are also more exposed to indoor air pollution – which
kills 4.3 million people per year – due to the use of indoor
cooking stoves. Higher female mortality during heatwaves
is observed in specific contexts, whereas men are more
at risk of heatstroke because they are more likely to be
active in hot weather.
The Conference encouraged meteorological services
to engage more with the health community, especially
female health actors. It also called for greater awareness
that moving to a low-carbon economy will improve public
health, especially for women and children.
Water: In developing countries, gathering and transporting
water is an activity that is typically the responsibility of
women and girls. It is also a task that is taking increasingly
longer hours as a result of climate change, especially in
drought-prone areas. In sub-Saharan Africa, women and
girls bear the main responsibility (71%) for collecting water.
At the same time, freshwater is becoming increasingly
scarce, with one in eight people lacking access to clean
water and more than three million dying each year from
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water-related health problems. Women are also poorly
represented in water policy formulation and management.
Meteorological and hydrological services must consider
the use of gender-sensitive communication methods,
involving translation into local languages, use of multiple
media channels, personal meetings, infographics, etc.
Furthermore, women should be given greater influence
over the siting of wells and the distribution of water
resources, and policies and programmes should be
scanned through a gender lens.
Agriculture and Food Security: In many developing
countries, women are responsible for more than half the
food production but rarely have equal access to resources
and information. A World Food Programme (WFP) survey
of 95 countries found that only 5 percent of agricultural
extension services were directed towards women, who
were also less likely to receive training. In a recent WMO
farmers workshop in Africa on how to gather and use
basic meteorological information for agriculture, only
10 percent of participants were women. Furthermore,
there are approximately 300 million fewer women with
mobile phones than men, meaning that weather forecasts
and alerts delivered by mobile technology often do not
reach those who need it most.
Weather and climate information should move from
technical jargon to messages that are understandable,
accessible and action oriented. More should be done to
reach out to networks of women farmers. Specific plans
should also be developed and implemented to fill the gaps
in education, access to technology and decision-making
schemes for women in rural contexts.
Careers in Weather, Water and Climate: Women account
for only 30% of meteorologists and hydrologists. Efforts
should be made to increase the visibility and attractiveness
of careers for women in weather, climate and water. There
should be more emphasis on gender awareness in the
teaching profession in order to encourage more girls to
study science. National and international endeavours
should be integrated in promoting and supporting women
in science at all levels of their careers.

First World Meteorological Congress
Gender Day
WMO designated 5 June as Gender Day at the Seventeenth
World Meteorological Congress. Activities kicked-off with
a Working Breakfast on Gender, which discussed issues
pertaining to gender equality and the empowerment of
women. The Congress Plenary session then took over the
discussion, which was concluded by a lunchtime panel.

female participation in the work of the Organization and
to promote more gender-sensitive weather and climate
services, Congress adopted a resolution on Gender
Equality and the Empowerment of Women. It also updated
the WMO Policy on Gender Equality and requested the
Executive Council to develop a Gender Equality Action
Plan. The latter is expected to invigorate the policy by
setting a timeline for activities and making the various
WMO governance structures accountable for progress.

Alex Keshavjee/ WMO

Alex Keshavjee/ WMO

The Breakfast focused on five priority areas: governance,
employment and careers, education and capacity building,
service provision and women’s leadership. Participants
stressed the importance of female role models as a way of
dispelling the perception of science as a male dominated
profession. They further emphasized the need to design
specific policies and trainings to bring more women into
management and governance roles. The achievement of
work-life balance came out as a major factor for attracting
and retaining women in the profession. Many of the
contributors saw a broad need to change beliefs about
women’s ability to lead.

Paricipants of the Working Breakfast on Gender during the
17th WMO Congress

During the Working Breakfast on Gender, Assistant
Secretary-General, Elena Manaenkova (center left) and other
participants discuss the five priority areas of the future WMO
Gender Action Plan

The lunchtime panel “The Benefits of Gender Equality
in Weather and Climate Services” summarized the main
findings and recommendations from the Conference on
the Gender Dimensions of Weather and Climate Services.

Women’s Leadership Workshop
But the Breakfast did not just focus on the problems,
solutions were suggested such as activities targeted to
attract girls to study science at an early age, designing
special measures to encourage women to take on
leadership positions at work, and improving the gender
balance in WMO governance bodies. Finally, collaboration
between women and men was deemed important not
only in terms of raising men’s awareness of gender
issues, but also as a way of sensitizing them to think in a
more “gender-attentive” manner and looking for shared
solutions. Gender equality initiatives would not succeed
without the active engagement of and collaboration with
men. The actions proposed by the 50 delegates and
Secretariat staff at the Breakfast will be included in the
WMO Gender Equality Action Plan.
The Congress Plenary was briefed on progress in
the implementation of the WMO Policy on Gender
Mainstreaming and related activities. It was pointed out
that whereas the number of women involved in the work of
WMO governance had increased in the past two decades,
growth was overly slow and had started from a very low
baseline. At the current pace, WMO will only achieve
gender parity in 2050 or beyond. In a push for increased

On the following day, 6 June, 25 female Congress delegates
became the first to benefit from a half-day Women’s
Leadership Workshop co-organized with the United
Nations Institute for Training and Research (UNITAR) and
UN Women. The delegates participated in activities that
stimulated them to critically assess what characterizes
a strong leader, appreciate their personal strengths as
a woman in leadership, enhance the application of key
high-priority skills for effective performance, and to build
personal confidence, identity and direction. They then took
part in an informal discussion on Women’s Leadership
in Science and Technology in which established female
leaders from the diplomatic and scientific community also
participated. Their candid stories of how they managed
to combine leadership positions with family life and
child-rearing were highly inspiring for the trainees. “This
training really helped me to define what I am as a woman
leader,” remarked one of the participants. “Many problems
I’ve faced in the past which I could not name have been
raised and discussed in this workshop. The discussion
has been very thought-provoking and helpful to my future
career development.”
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During the Women’s Leadership Workshop, participants were asked to identify the key traits and characteristics of a strong
leader
plans and national adaptation plans. Education and
capacity development were highlighted not only as a
means of building the capacity of female leaders but also
as a way of attracting more young women to science,
technology, engineering and mathematics.

Lorenzo Franchi

Lorenzo Franchi

The Workshop was the first activity organized in the
framework of a new UN multi-agency Women’s Leadership
Programme, which was launched on 26 May during a
high-level panel discussion on “Women in Diplomacy: The
Leading Role of Women in Weather and Climate Contexts”
in the margins of Congress. Panelists outlined why
gender solutions are critical in addressing the challenges
of climate change and explored the actions required to
strengthen the voice of women in diplomacy.

The Women’s Leadership Workshop facilitator, Tania
Dussey-Cavassini, presented recent research on gender and
leadership
Participants of the Women’s Leadership Workshop discussed
how they will apply the principles of successful leadership in
their organizations
They stressed that women carry a disproportionate share
of the burden of the development challenges resulting
from climate change, however, lacked access to resources,
such as information and communication technology, which
can help in both mitigation and adaptation. They further
noted the significant gender gap in the representation
of women in delegations to multilateral conferences
and emphasized the need to bring more women to the
negotiating table, especially in ongoing climate talks.
Panelists urged for the full engagement of women in
climate adaptation efforts nationally, including in the
development of national multi-hazard risk assessment
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The Question and Answer session raised several
interesting points, including: the need for data that could
be disaggregated for gender and used in setting baselines;
the key role of supportive environments, especially in
fields with prominent gender gaps; and the need for
organizations to value diversity in the workplace and
to recognize that success can be better achieved when
harnessing the best of women and men.

Call for an Ethical Framework
for Climate Services

By Peter Adams1 , Bruce Hewitson2, Catherine Vaughan3, Rob Wilby4, Stephen Zebiak5, Erika Eitland6
and WMO Secretariat7

Climate services have the potential to contribute to
human security by improving our ability to enhance
societal benefits, and reduce losses, related to climate.
As natural climate patterns continue to change, society
will want more timely and reliable climate services
to help them gain an understanding of climate risks
and for guidance on how to take advantage of related
opportunities. 1 2 3 4 5 6 7
Climate services offer tools, products and information
to help users anticipate and address the immediate,
intensifying and potentially dangerous impacts of climate variability and change. Developed in collaboration between information users and providers, climate
services are built on human relationships that open
the process to a range of ethical conundrums. Climate
information providers and the scientific products they
generate operate from a position of trust and should
be held to the highest ethical standard. Climate service
providers that do not consider the consequences of
their actions and information may implicitly contribute
to poor decision-making and to maladaptation, with all
the attendant implications.
This being said, the rapidly developing domain of climate
services lacks a cohesive ethical framework to guide its
development and application. This article summarizes
key points from a white paper prepared by a working
group of the Climate Services Partnership and begins
an open-ended process toward establishing a set of
ethical principles to frame both practice and product.

Acclimatise
CSAG University of Cape Town
3
International Research Institute for Climate Change and Society
4
Loughborough University
5
International Research Institute for Climate Change and Society
6
Harvard University
7
Joy Shumake, WHO/WMO Climate and Health Office
1

The intent is to engage the climate services community
in considering the ethical responsibilities associated
with the provision of information to manage climate
risks, realize opportunities and advance human security.
The urgent need for an ethical framework is heightened
by the recognition that negative consequences can
arise when climate services are not used to robustly
translate science into the decision-making context or
when services are deployed in ways that (implicitly
or explicitly) bias an outcome. The need is intensified
by the growing pressure from development investors
and implementing agencies to operationalize climate
research, which is driving a range of evolving practices
of dissimilar rigor. This increases the scope for misuse,
malpractice and maladaptation. Hence, there is a time
imperative to articulate a set of ethical principles to
guide this emerging field.

Foundations of an ethical framework for
climate services
The minimization of risk and optimisation of human
security both motivate the field of climate services and
frame the proposed values and principles for their ethical
implementation. These values are also informed by a set
of commonly agreed upon reference points (laid out in
box on page 52). While these views do not reflect those
held by all climate service stakeholders, they are based
on diverse experiences encompassing developed and
developing countries, fundamental and applied climate
research, various sectors, and professional practice in
academia, the private sector and government.

2
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An Ethical Framework for Climate Services
We assume that ethical climate service products and
practices should contribute to human security at both
individual and collective scales, and minimize negative
consequences from climate impacts. We propose an
ethical framework based on integrity, transparency,
humility and collaboration. Summarized below,
these values are seen as integral to the development
and delivery of climate services that serve the core
motivations of human security and risk management.
Derived from these values are a set of practical
principles that can provide climate information users
and providers with guidelines for ethical behaviour
and good practice.
Integrity is about conduct in practice. All too often
integrity and honesty can become suppressed in the
contexts of personal interests, commercial pressures
and competitive practices aimed at gaining advantage.
Integrity is essential to ensuring that climate services do
not, through perplexity or exaggeration of knowledge,
contribute to the disadvantaging of those they seek to
serve. It warrants mention that honesty about ones
ignorance is central to integrity.
Transparency lies at the heart of building trust between
communities. As climate services are inherently about
relationships, and as relationships are predicated on

Principles of Practice
Climate service providers should communicate value
judgments - Value judgments are an implicit but often
unacknowledged part of risk analysis. Values inform
our choices of data sets, models, methods and analysis
techniques. They play a central role in the decision to
engage in risk analysis; they condition the sorts of risks
examined, the kinds of data considered relevant and
valid, the risk management techniques considered, and
the optimal response options in the context of other
non-climate stressors. Ethical climate service providers
should clearly and explicitly give the rationale for value
judgments so users can both understand the basis for
decisions made, and appropriately assess the extent to
which those judgments are consistent with their own
worldview or ethical standards.
Climate service providers should communicate principles
of practice - Value judgments inform certain practices,
including the methods by which climate service providers
source, analyse and present information. Making these
practices explicit will ensure that climate service users
understand the context in which their information
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trust, transparency is an integral part of any climate
service. Opaqueness about a climate service provider’s
methods, sources or approaches to interpretation
can contribute to inflated perceptions of the value of
information. Over time, this can lead to a breakdown
of trust in the individual climate service provider, and
within the broader services community.
Humility here means presenting information as no
more or less than it is, not promising more than can
be delivered, nor obscuring an underlying reality of
uncertainty. Humility thus reflects a commitment
to present the true value of a product, process or
service as honestly and transparently as possible.
This raises the challenge to the purveyor of a service
to be cognisant of its strengths and limitations.
Collaboration is the cornerstone of climate services.
As in many other scientific fields, climate information
is made useful to society only when fundamental
and applied researchers work together with technical
actors, government officials and members of civil
society. Openness to collaboration entails listening to
user needs, allowing for their input and engaging in a
process of co-production of climate services to ensure
that the outputs of this process address real-world
problems, decision contexts and capacities; it also
ensures that climate services are based on state-ofthe-art products and the exchange of best practices.

is produced and delivered, and the context in which
the provider expects it to be applied. Climate service
providers should also encourage users to explore the
implications of their own world-view in interpreting
and assessing information in their specific contexts.
Dialogue is central to this, as is building trust and mutual
understanding.
Climate service providers should engage with their
own community of practice - Climate services are
rapidly developing, which imposes a responsibility
for practitioners to continually update their skills
and knowledge – including reaching out to their own
community to learn about new methodologies and
techniques. Service providers who isolate themselves
from the larger community run the risk of falling out of
touch with new developments and limit opportunities
for learning from the positive and negative experiences
of others. The services they develop will reflect this and
are, thus, less likely to meet user needs.
Climate service providers should engage in the
co-exploration of knowledge - Providers will not have
experience in the particular context of every user, nor

will they understand the challenges that each user faces
or the circumstances that inform their decisions. To
accommodate this, climate information providers should
be open to learning from users in order to understand
the context in which they work and to operate as
equal partners in improving user capacity for effective
decision-making.
Climate service providers should understand climate as
an additional stressor - The risks associated with climate
variability and changes are part of a multidimensional
suite of threats facing states, businesses, communities
and individuals at any one time. Good climate service
providers will understand this, embedding a holistic
sense of climate-in-context into their analyses and
speaking honestly about it when presenting their
products. This increases the likelihood that any action
taken as a result of the service will maximize benefits
and increase resilience to multiple climate/non-climatic
pressures.
Climate service providers should provide metrics of the
skill of their products - Climate service providers should
provide information that allows users to assess the
relative usefulness of the product in the users context.
Metrics may include information on the skill, bias, and/
or uncertainty associated with each product (including
contradictions with other sources). The producer should
also attempt to illustrate the potential added value of
using a product in context, including the implications
of choosing one source of information over another.
Climate service providers should communicate
appropriately - Climate service providers should choose
their words carefully to illuminate and educate, rather
than exclude. They have an obligation to communicate
with users in terms that are understandable, reducing
jargon when possible and offering explanations, in
appropriate language, when it is not. It is important, for
instance, that climate service providers accurately and
appropriately use ambiguous terms such as “prediction,”
“forecast,” “scenario,” and “projection.” Exclusionary,
manipulative, careless, or confusing language should
be avoided.
Appropriate communication also applies to visualisations,
one of the most important tools climate service providers
employ to communicate information and to guide decisionmaking. To avoid misleading users, visualisations, such
as charts, graphs and maps, should be assessed for
ambiguity and potential for misinterpretation, bearing in
mind that user experience and technical capacity may be
limited. Climate service providers should also consider
the means of dissemination. For example, putting maps
or information on a website will not be very helpful to
reach users with limited or no Internet access. Alternative

methods, such as interactive workshops or alternative
media, may be more appropriate.
Climate service providers should articulate processes for
refreshing and revising their products and information
- Scientific understanding is always evolving – new
methodologies are developed, errors corrected and new
data are made available. It is imperative that providers
engage in sustained development of products to enhance
information content, and address inadequacies and
inconsistencies as and where the evolving science
supports this.
Climate service providers should have mechanisms for
monitoring and evaluation of procedures and products
- The monitoring and evaluation of climate services is
not yet common practice. In some cases, additional
research is still needed to identify appropriate metrics
to assess the extent to which climate services contribute
to improved outcomes. Nevertheless, all climate
services should maintain a monitoring and evaluation
protocol that can allow climate information users and
providers to understand the extent to which the service
is delivering intended benefits and provide justifications
for adjustments to fit changing socioeconomic needs
and evolving understanding of climate science. Such
protocols may take many forms, including customer
satisfaction surveys, periodic reviews or following
guidelines produced by technical advisors.
Climate service providers should declare any conflicts
of interest and/or vested interests - Climate service
providers should declare any potential conflicts of
interest, so that users can understand motivations of their
information providers. This may include justifying the
dissemination of certain datasets and/or methodological
techniques, being transparent about circumstances where
providers may stand to gain financially, professionally or
otherwise from the decisions that the climate services
inform.
Climate service providers who use the guidelines
presented here, and who generally act in a way that is
consistent with the values of integrity, transparency,
humilit y and collaboration share a measure of
accountability for the work they do and for the ultimate
outcomes. Nevertheless, it is the user that will turn
information into action, affecting lives and livelihoods. As
a result, it is the user that will need to take responsibility
for understanding the climate information products, for
using them in a way that is consistent with their own
values and principles, and for putting in place appropriate
measures for the apportionment of accountability.
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Principles of Product

Next steps toward an ethical framework

Climate service products should be credible and defensible - Information on which climate service products
are based should be properly sourced, and the provenance of that information must be made clear and
easily accessible. The analyses that underpin climate
services should rely on appropriate and well-documented
methodologies; tools and methods should be justified
and comparative analyses should be undertaken and
made available when appropriate.

We call on climate service providers (whether they are
academics, in the private sector, engaged with national
meteorological or hydrological services, or representing
other types of organisations) to assess this prototype
framework against their own experiences, products,
and values. It is only through a process leading to a
common acceptance of principles that decision-makers
and other users can evaluate the services and products,
and so collectively hold both producers and users to
agreed standards. Furthermore, international agencies
(e.g. GFCS, IPCC, WCRP, Future Earth) can all bring
valuable additional perspectives and leadership to
the conversation, as well as provide insight into the
development and operationalisation of an authoritative
framework.

Climate service products should include detailed
descriptions of uncertainty - Uncertainty in climate
services may derive from different sources, including
from technical issues such as initial condition uncertainty, which defines the starting point of a system;
structural uncertainty, which reflects inadequacies
or design attributes in tools, methods, and models;
knowledge uncertainty, which reflects a lack of knowledge regarding the physical mechanisms that condition
the climate system; or parameter uncertainty, which
includes uncertainties regarding model inputs and
boundary conditions. It is essential to describe the size
and sources of such uncertainty as best as possible in
terms that are meaningful to the intended user, and to
be honest about related knowledge gaps.
Climate service products should be fit for purpose Climate services should be designed to provide users
with information that can easily inform the decisions
to which they are targeted. Tools and products must be
appropriate for specific contexts; this will often require
information to be tailored with respect to geographic and
temporal scales, derivative attributes of variables, and
to match the context and language in which intended
users are accustomed to working.
Climate service products should be documented - It is
critical that climate services document the information
and the methods on which they are based, allowing
products to be reproduced and verified by independent
third parties. The choices, assumptions and presumptions underlying the development of a product should
be clear, as these introduce additional sources of uncertainty and so need to be assessed. Users themselves
should also have access to relevant information in order
to facilitate learning and decision-making. Climate
products should be periodically revised and refreshed
so that users can continue to derive benefit from them
as data and methodologies improve. Meta-data and
version history are important components of product
documentation and should be clearly accessible in all
climate service products. It should not be presumed
that the best information is the latest product version.

Summary
We have outlined core values that we believe should
help guide the development of this emerging field; we
have also interpreted these values with respect to the
products and the practices of climate services. While we
recognise that climate service ethics may have different
meanings in different contexts, we see this paper as
a necessary first step in growing a community-wide
discussion regarding standards and accountability.
We are eager to hear others’ opinions regarding what
we can and should expect from the climate services
community and will look forward to continuing this
dialogue in a range of venues.
To that end, the white paper on which this article is
based is available on the website of the Climate Services
Partnership 8 and the various organisations that have
endorsed the process. The white paper will be open to
comment through the end of the year and re-released
reflecting community feedback in 2016. We welcome
your feedback and encourage climate service providers
and users to organise their own conversations regarding
the ethical challenges posed by climate services. We
look forward to hearing more from you.
Readers may also like to read “Ethical principles for
climate change: adaptation and mitigation”9, which
was recently adopted by UNESCO World Commission
on the Ethics of Scientific Knowledge and Technology.

8
9

www.climate-services.org/
http://unesdoc.unesco.org/images/0023/002345/234529E.pdf
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Review: The Quiet Revolution
of Numerical Weather
Prediction

By WMO Secretariat1

Peter Bauer,1Alan Thorpe and Gilbert Brunet have published
a fascinating tale that will give readers a special flavour
of how science can be both intriguing and valuable for
humanity. The Quiet Revolution of Numerical Weather Prediction2
was published in “Nature” this September (Nature, vol.
525, 3 September 2015).
Global weather prediction is one of the largest scientific
and technological challenges in the twenty-first century.
As particle physics, astronomy and life science, it requires
a broad array of experiments and large facilities in order
to address fundamental questions – and to produce
valuable, every day information to run our lives.
Based on the first attempts to predict the weather, making
use of the first electronic computers at Princeton and
in Stockholm after World War II, the modern physics of
forecasting is now developing along three main lines:
•

The inclusion of more and more atmospheric
processes, because of the finer granularity in numerical
weather prediction models, incorporating interactions
with hydrology, oceanography and chemistry.

•

The recognition that errors in the initial conditions
will grow because of the nonlinear complexity of
the system brought to an ensemble approach. The
authors note that “Weather forecasts today involve an
ensemble of numerical weather predictions, providing
an inherently probabilistic assessment” – a major
achievement in physical science.

•

How to make a perfect use of imperfect observations
into imperfect models. A variety of new mathematical
methods, under the name of data assimilation, have
been developed to address this issue. An intrinsic

1
2

link between observational strategies and modelling
advancements has been established.
Where we are? And where we are going? These are the
two key questions the article answers. Over the past 40
years, forecast skill has been increasing by about one day
per decade – a unique accomplishment that is moving
science from research into practical solutions. WMO,
through key programmes such as the Global Atmospheric
Research Programme (GARP), The Observing system
Research and Predictability Experiment (THORPEX)
and the World Weather Research Programme (WWRP),
is strongly engaged in contributing to this global effort.
The article highlights how the inter-linked evolution of
weather science and of high-performance computing
is crucial for continued progress in numerical weather
prediction and for providing more valuable services.
However, the authors did not highlight the promise that
cheaper computing holds for reducing the technological
gap between developed and developing countries in the
area of numerical weather prediction.
The authors feature key elements and priorities towards a
seamless world where weather and climate prediction skill
are closely linked, “because accurate climate prediction
needs a good representation of weather phenomena
and their statistics, as the underlying physical laws apply
to all prediction time ranges”. I would recommend this
article to the scientific community to whom it will offer
motivation and to the broader public who will be inspired
by this story of science in service of humanity.

Paolo Ruti, World Weather Research Division Research Department
www.nature.com/nature/journal/v525/n7567/full/nature14956.html
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Business unusual: Why the climate is changing the rules for our cities and SMEs
Cities and small and medium-sized enterprises (SMEs) are at the heart economies and societies around the world. By 2030, 60% of the world’s population
will be living in cities, which will be at the core of the climate conundrum.
On 29 October, the AXA Group and the UNEP FI Principles for Sustainable
Insurance (PSI) Initiative released the survey report: “Business unusual: Why
the climate is changing the rules for our cities and SMEs”
It is the first international study of its kind showing how cities and SMEs are
building resilience to climate risks. For this pioneering study, more than 40
urban/city leaders (e.g. mayors, chief resilience officers) were interviewed,
and more than 1 000 SMEs were surveyed, spanning developed and developing countries. The survey was conducted by Penn Schoen Berland, a premier
market research and global consulting firm.
The report makes it clear that the time to act on climate
is not 2100, it is not 2050, it is not even 2020. It is now.
It also shows how the insurance industry can work
together with cities and SMEs in helping build resilient
and sustainable communities and economies.

In November 2014, a group of 30 international experts in climate service
development gathered in Honiton, United Kingdom of Great Britain and
Northern Ireland, to discuss and identify the key principles that should
be considered when developing new climate services by all the actors
involved. This is one of the drawings they produced to summarizing
these principles.
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