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Preface:
WMO for the 21st Century

In both 2018 and 2019, the World Economic Forum identified weather extremes, natural disasters, the failure
of climate change adaptation and mitigation, and water crises as the highest and most probable four global
risks for humanity. The socioeconomic consequences and costs related to the impacts of these extreme
events continue to rise. Global mobilization – realized through a number of frameworks such as Sustainable
Development Goals, Sendai Framework for Disaster Risks Reduction and the Paris Agreement – is needed
to respond to these challenges. In this context, the relevance of the Global Weather, Water and Climate
Enterprise is paramount to meet the demand for both fundamental and advanced Earth system information
and services at all levels.
About 8 years ago, the Membership of WMO challenged its Executive Council to begin reforming its processes,
procedures and structures. At our last Congress in 2015, Members requested a substantive review and
recommendations for the modernization of all of its Constituent Bodies. Considerable efforts have been
undertaken since 2011 to have more focused and meaningful meetings of the Executive Council, Regional
Associations and Technical Commissions as well as adopt a paperless approach by using modern information
technology tools for communicating and reporting. The emphasis over the last four years has been to
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recommend governance structures that better align resources and capabilities
with the strategic and operational planning directions of the Organization.
Critical considerations in the reform proposals are framed around three key
themes.The first is the importance of increasing the involvement and engagement
of Members in WMO activities from Permanent Representatives and to experts.
The second theme is better alignment of resources to deliver on the strategic
objectives of the Organization. While reducing costs is not the goal, capitalizing
on the synergies for information systems infrastructures, research to operations
and service delivery extends the use of existing resources. Finally, the last theme
was to improve the overall performance of WMO and its Members by ensuring
clear roles and responsibilities of each of the Constituent Bodies.
The recommended way forward for WMO Constituent Bodies will improve
effectiveness and efficiency, facilitate cooperation and partnerships, and provide
the agility to uptake global challenges. It will enable WMO to deliver on long
term goals for services that better serves societal needs, seamless predictions
systems, advanced targeted research that is accelerated to application and
closing capacity gaps in particular for developing Members.
The new WMO Strategic Plan envisions a world where all nations are more
resilient to the socioeconomic consequences of extreme weather, climate, water
and other environmental events and underpin their sustainable development
with the best possible weather, climate, water and environmental services.
While the plan provides a framework of goals and enabling objectives to support this ambition, the proposed new governance will enable the design and
implementation frameworks for the realization of this vision. This Bulletin will
inform you on the proposals and their outcomes, the underlying factors and
assumptions, and the implementation strategies to be presented for endorsement
at the upcoming Congress in June this year as well as the potential benefits in
the areas of Services, Systems, Science and Support of the Smart organization.

David Grimes
President of WMO

Petteri Taalas
WMO Secretary-General
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The Smart Organization
for the Future
By Gerhard Adrian, Permanent Representative of Germany to the WMO and Chairperson of the
Constituent Body Reform Task Force

A smart, agile and responsive WMO – fit for the 21st
Century – coordinates across all areas and takes a
holistic and inclusive weather, water and climate
approach. The WMO Constituent Body Reform aim
is to deliver a smart WMO. Its main goal is to align
governance and working structures with the WMO
Strategic Plan 2020-2030. This is key to improving
preparedness for hydrometeorological extremes and
mitigating disaster risks. Phenomena like flash floods
and droughts require an Earth systems approach for
both the observation and forecasting systems. Such

an approach is essential to cover all timescales – from
minutes to decades.
Since the last session of the World Meteorological
Congress (Cg-17) in 2015, the WMO Executive Council
(EC) has been developing the new governance
structure, which follows the weather, climate, water
value chain from data acquisition and processing to
forecasting and prediction, and services to Members,
without omitting the key role of research in all of
these. The objective is to increase effectiveness and

The five WMO Strategic long-term goals are the foundation for reform.
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efficiency, as well as to better engage Members and
experts, throughout.

of national and/or regional experts that are nominated
to WMO expert teams.

The agility and responsiveness of the smart WMO will
result from a biennial cycle of sessions for Technical
Commissions and Congress. Ordinary sessions of
Congress, with a full agenda including elections and
reporting as required by WMO Convention every
four years, will be complemented by extra-ordinary
sessions in the median dedicated to special themes.
This change will make it easier for Members to be
engaged in WMO matters.The whole WMO community
would meet every two years, thus, decisions could be
made faster and implemented earlier.

Through such measures, the Reform aims to achieve
regional and gender balance as well as to enhance the
involvement of Members in WMO in general.

•

Commission for Observation, Infrastructure and
Information System

Further changes aim to enhance the involvement of
Members in the activities of WMO, to involve academic
and private sector experts in non-governmental
activities and to facilitate partnerships – all to raise
the profile of NMHSs at the national and international
level.

•

Commission for Weather, Climate, Water and
Related Envrionmental Services and Applications

The current figures are clear:
•

One third of Members does not at all participate
in WMO activities

•

One third participates only sporadically

•

Ten Members fully participate across all areas

To increase meaningful participation by Members, a
coordination mechanism will be established to involve
the Regional Associations (RAs) in the work ofTechnical
Commissions as well as other WMO bodies. The RA
Presidents – as members of the new EC Technical
Coordination Committee – will have a direct influence
on the work program of the Technical Commissions.
The RAs will retain responsibility for the assessment of
regional needs, requirements and priorities, however,
RA Presidents through the Technical Coordination
Committee can make sure these are reflected in the
responsible Technical Commission’s deliverables. This
will ensure that theTechnical Commissions provide the
regions with expertise, assistance, guidance, as well
as technical solutions and standards, that they need.
The RAs will also be responsible for the coordination

Two technical commissions
The Constituent Body Reform has only two Technical
Commissions:

Each Technical Commission will have Standing
Committees for normative work and study groups
created for exploratory work or expert teams.There will
be a clear delineation between the intergovernmental
work ofTechnical Commissions and that of the experts
working in the committees and groups. The nonintergovernmental expert teams and study groups
would be open to experts from the academia and
private sector.
The standards developed in the Technical Regulations
are expected to improve through a seamless Earth
system approach. The engagement of a broad expert
network and the flexibility of working in small focused
teams will ensure a more efficient and result-based
working structure. A more predictable schedule
of events and efficient use of financial resources
– including the possibility of funding developing
country experts – will lead to a better engagement
of all Members.
The two proposed Technical Commissions will be
complemented by the non-governmental Research
Board as well as by expert panels for cross-cutting
activities and activities with partners.

Other new bodies
Besides the new Technical Coordination Committee,
EC has established a Policy Advisory Committee to
offer counsel on any matters concerning the strategy
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and policy of the Organization. EC also proposes
that Congress establishes an independent Science
Advisory Panel and Research Board on Weather,
Climate, Water and the Environment.These bodies will
deliver a richness of expertise, culture and differing
perspectives.
Inter-agency coordination mechanisms will also be
established to enhance collaboration and interaction
with key partners. These joint bodies will streamline
WMO working arrangements, programmes and projects
with entities such as UNESCO’s Intergovernmental
Oceanographic Commission (IOC), International
Civil Aviation Organization (ICAO), the World Food
Programme, UN Water and many more.

Better partnerships
WMO is the co-custodian of Sustainable Development
Goal (SDG)-13 on Climate Action; however most of the
17 SDGs are directly or indirectly impacted by weather,
climate and water – Poverty, Hunger and Food Security,
Health, Empowerment of Women, Water Resource
Management, Energy, Industry and Infrastructure,
Cities and Urban Development, Climate, and Life
on Land and Sea. The SDGs stress the importance
of partnerships and international cooperation for
achieving the goals.The improvement of partnerships
and cooperation are also the basis of the WMO Reform.
Better coordination through more synergistic
partnerships will optimize the use of WMO resources
and that of Members. The holistic Earth system
approach of the WMO Reform will permit leading
experts and researchers, as well as the private sector
and academia to contribute to WMO activities. In
addition, this approach is also expected to break the
silos in the WMO Secretariat and close the capacity
gaps between Members. NMHSs can look forward
to a strengthening of their role in protecting life
and property, and in building weather and climate
resilience.

Reform Task Force
As always, the devil is in the detail. The Constituent
Body Reform Task Force, established by EC-70 (2018),
addresses the questions that remain before Congress
in June in order to enable a smooth transition.

Vol. 68 (1) - 2019

Questions on how the new bodies will work together,
the development of an initial timeline, the mapping of
the workplans to the two-years cycle, engaging experts
from developing and least developed countries, and,
of course, questions about internal re-organization
of the Secretariat are being resolved. The Task Force
will continue its important task to guide and monitor
the transition until EC-72 (2020) and ensure the
implementation of the reform after Cg-18.
The more agile, smart and responsive WMO will
coordinate support with increased speed and greater
added-value for Members to provide information and
services that respond to national and regional needs
as well as emerging challenges.Thus, also the visibility
Members and their contributions to the global agenda
will be enhanced.
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By Sue Barrell, Coordinator for Emerging Data Issues, Commission for Basic Systems (CBS) and former
Vice-President, CBS

Data, together with the systems and regulated
processes by which they are measured, collected,
compared, shared, processed and applied, are
fundamental to WMO. In that sense, data has shaped
the evolution of the Organization and the operations
of its Member States and Territories since its origin.
The World Weather Watch (WWW), for example,
acknowledged as one of the crowning achievements
of WMO, was triggered by the emerging global datagathering potential of meteorological satellites and
set a standard for international cooperation between
countries and institutions that remains unequalled
today.
Evolution and even revolution in data and technology
have been embraced to varying degrees through
successive developments of WMO systems. The
structure of the WWW and alliances among groups
of Members, such as the satellite and numerical
modelling communities, have evolved to reflect
these changes, and are implemented for the shared
benefit of the whole community. The WWW is now on
a journey towards modernization to a WWW 2.0. Its
original core systems, the Global Observing System
(GOS), Global Telecommunications System (GTS)
and Global Data Processing and Forecasting System
(GDPFS), are evolving into the WMO Integrated Global
Observing System (WIGOS), the WMO Information
System (WIS) and soon WIS 2.0, and the Seamless
GDPFS.
Over the last decade, the signature of the data and
technology revolution has changed, both in terms of
the players and the pace of innovative and disruptive
new technologies. A greater diversity of players across
all public, private and academic sectors are now
active in developing, supplying and applying data
and technology and in delivering services to users. At
the same time, the users themselves have responded

to the revolution. They have become increasingly
aware of the benefits of applying meteorological,
climatological and hydrological data in their decisionmaking and more adept at integrating them with their
own data in decision-support systems.
Once there was a somewhat linear data value chain,
where users specified their needs and providers
designed solutions (data, systems, processes, services,
products) to meet them. Now there is a much more
interactive data value chain that more closely involves
the user and other players in articulating the problem
and designing, developing, operating and delivering
the solutions, as well as to some extent the data itself.
(See illustration on page 8.)
The governance and programmatic structures of WMO
were developed, in accordance with its Convention,
to meet the needs of its global membership. Priorities
were set around evolving, sustaining and monitoring
the data, systems and processes needed to support
its Members across a range of service delivery and
application areas. These were supported by a focus
on world-leading science, strategic alliances and
capacity and policy development to ensure continued
relevance, uptake and growth. This rationale remains
important, but the structures have not kept pace with
changes outlined above. There is a need for greater
agility in responding to social and technological
change, and the increasingly cross-cutting nature
of systems and solutions across the services and
applications landscape.
The consequences of the evolving threads outlined
above are many, but we will focus here on three:
•

There is considerably more data to choose from
now

Systems

Data and Systems Perspective
on Constituent Body Reform
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The once rather linear data value chain has evolved into a highly interactive process in which users are much more
involved in contributing data and sharing in the development and implementation of the solutions.

•

The speed of disruption seems faster than ever
before

•

The constituent body1 and programmatic structures
of WMO need to be both fit-for-purpose and fit for
the future.

Data – more to choose from than ever before
The pre-WWW days of data drought were followed
by an increasing downpour of data as meteorological
satellites filled many (though still not all) of the gaps
in global networks. In parallel, advancements in
computing technologies and scientific understanding
led to steady progress in numerical modelling,
converging both southern and northern hemisphere
forecast skill towards the same high level2. This
readiness of the meteorological satellite community
to respond to the emerging needs of WMO, and the
ongoing collaborative supply-apply relationship, has
been a major contributor to the accomplishments
of WMO. As a result, the national meteorological
and hydrological services (NMHS) of its Members
are successfully shaping services that improve the
safety, security, well-being and prosperity of people,
communities, infrastructure and environments.

1

The current constituent bodies of the WMO are the Congress,
Executive Council, six regional associations and eight
technical commissions

2

Simmons and Hollingsworth, Q. J. R. Meteorol. Soc. (2002),
128, pp. 647–677

Arguably, the term “data tsunami” might now better
describe the space WMO works in, with not just
considerably more data to choose from, but also a
greater diversity of data , available more rapidly and
with greater accessibility. The quality, and relevance
of the data to Members’ needs, is equally diverse.
Substantial gaps still exist, especially in less developed
and more isolated countries, but solutions exist to fill
many of those gaps, albeit often at substantial cost
to acquire and sustain.
The challenge is to turn the tsunami into a more orderly
stream. To do so, Members have to be empowered to
make strategic choices about what data and products
they need for what purpose. They need guidance
on how to plan and design observing networks in a
balanced way. WMO assistance is required to help
Members gauge where value would be highest when
investing public funds in sustained observations
and the complementary value of building effective
partnerships with others both nationally and across
the global weather enterprise.
Ongoing WMO leadership is critical to maintain and
build on the success of the WWW through its evolution
to WWW 2.0 and to ensure it continues to serve
the Members. WIGOS is proposed for operational
implementation at the 18th World Meteorological
Congress (CG-18) in June 2019. It provides a framework
for making informed choices about data, networks
and partnerships in support of users’ needs, from
local through to global. WIGOS is much more than an
evolution of the GOS; it is a new way of approaching
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The fundamental WMO principle of free and unrestricted
international exchange of meteorological and related
data and products, as articulated through Resolutions
40, 25 and 60, is integral to its functioning as a global
collective and the envy of many other international
organisations. The data landscape has changed
considerably since Resolution 40 was approved in
1995. Together with establishment of the Global Basic
Observing Network (GBON), the review, updating and
strengthening of these data policies to reinstate their
relevance, scope and authority is critical to the ongoing
operation and effectiveness of this global collective as
part of the growing global weather enterprise.

Disruption
The term “disruption” refers to radical changes in
technology that can quickly render older applications,
methods and processes obsolete. Such new and
innovative technologies can seem threatening to
those slow to adapt and adopt and can empower
those that are more agile and better equipped to
seize opportunities. Digital technologies, such as
the Internet, fixed and mobile broadband and cloud

services have already changed how Members and their
meteorological and hydrological service providers
gather and exchange data, extract insights and deliver
services. They have also changed how users access,
apply and respond to data and services. Emerging
data technologies, such as the Internet of Things, big
data analytics, machine learning and autonomous
systems, will continue to cause disruption across all
areas of the economy and industry sectors.
In many practical ways, being prepared for disruption
is less about the technology and systems themselves
and more about understanding how users will respond
to the challenges and opportunities they present.
Arguably, the biggest impact of digital disruption for
Members will be in the service environment. They will
have to adjust to changes in user needs and capabilities
and changes in how users incorporate and integrate
data from multiple sources in their decision-making
systems.
Agility and efficiency in maintaining relationships
with users and partners – and in delivering the best
science to drive future service improvements – will be
increasingly important both at the WMO and Member
level. The focus is shifting from solutions that are
“data and systems” driven to a ”science to services”
paradigm. There is less focus on specialised solutions
for individual applications and more benefits are
expected from integrated and seamless approaches.
Equally important to the integrity of services is

Photograph: NASA

Systems

observations and data for all WMO and partners’
service needs and applications areas. An example of
how WIGOS is helping reshape the global observations
needed by WMO is the development of the Global
Basic Observing Network (refer box).
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Global Basic Observing Network (GBON)
Since the early days of the World Weather Watch, weather forecasting has transformed into a highly
quantitative business. Today, it is driven by large computer models fed with millions of measurements
provided by a plethora of instruments flying in space, in the air, based on land, or in the ocean. All
modern quantitative weather forecast and climate analysis products, down to the finest local space and
time scales, ultimately rest on Global Numerical Weather Prediction (Global NWP). It is the backbone
for everything that a modern weather and climate service does.
Continued access to observational data from the entire globe is critical to the quality of the output from
GNWP systems. Satellites provide global coverage of both atmosphere and surface parameters and
make very substantial contributions to Global NWP skill. However, Global NWP systems still rely on
surface-based observations for key parameters that cannot currently be reliably measured from space.
These include data on atmospheric surface pressure, the vertical distribution of winds and subsurface
ocean parameters. Surface-based observations are essential over oceans, over snow and ice surfaces,
and they continue to play important roles for calibration and validation of the space-based data.
Any lack of observations over one area of the globe negatively impacts the quality of the forecast and
analysis products across the entire globe. Missing or non-reporting stations, glitches in telecommunication
or excessively restrictive national data policies all amount to lost opportunities for national weather
services to deliver the best possible warning and monitoring information to their constituencies. In
order to address such challenges and the problems of sub-optimal observing network density and
under-reporting stations, WMO decided in June 2018 (EC70) to proceed with the design of a Global
Basic Observing Network (GBON) and development of associated GBON regulatory material.
The GBON provisions are based on up-to-date observational requirements for Global NWP assembled
by WMO technical experts. Drawing on early results of the WIGOS Data Quality Monitoring System
(WDQMS) and 20 years of NWP observational data impact studies coordinated by WMO, the provisions
specify in clear, quantitative terms the obligations of the WMO Members to acquire and exchange
these critically needed observations. It specifies which parameters to measure, how often, at what
horizontal and vertical resolution and which measurement techniques are appropriate to use. The initial
GBON design and regulatory material will be presented to Members for approval at the 18th World
Meteorological Congress in 2019, with the opportunity to extend it over time to embrace a full range
of applications and requirements.

complementing traditional scientific process and
insight with innovative techniques for extracting
information from data. The draft WMO Strategic Plan
2020-2023 reflects this change in approach as does the
proposed changes in the constituent body structure.

Fit-for-purpose and future-fit
The current constituent body structures of WMO
have served Members well. However, they are no
longer fit-for-purpose to support Members through

the changing environment in which they now deliver
meteorological and hydrological services. They do
not help them navigate and make choices in the
increasingly crowded landscape of data and systems
and amongst the growing diversity of players. It is
timely to focus more on an integrated and seamless
approach aligned with a core new element of the WMO
Strategy – an Earth system approach. Consequently,
it is time to better connect WMO data, systems,
science, services, processes and experts with the
wider stakeholder – suppliers, partners, users and
potential competitors – community.
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Most of the focus in the constituent body discussions has
been on the technical commissions and on streamlining
the operation of Executive Council, but successful
implementation demands changes to regional
association practices and the programmatic support
structures. The streamlining of regional association
working bodies and improved coordination with the
new technical commissions is essential. It will ensure
close alignment through the engagement of regional
experts in technical commission activities and the
engagement, in turn, of the technical commissions in
supporting implementation of systems and regulations
at regional and national levels. The implementation
of the new constituent body structure – especially
the consolidation of the current eight subject-based
technical commissions into two new commissions
and a research board – is not going to be an easy
transition. It will be significantly smoother and more
effective, if the support systems of the Secretariat and
the WMO programmatic structures are also realigned
promptly in accordance with the constituent body
changes and the new strategic plan.

Conclusion
The proposed changes to the constituent body structures
will better position WMO for a data-rich and disruptionready future, driven by a science-to-service mindset.
The leadership and convening power of WMO within

the global weather enterprise will be strengthened
through the new structure, which better enables
engagement with users and with partner organisations
that intersect with WMO domains of responsibility.
These changes also recognize the importance of the
interactive and increasingly integrated data value chain
in a world that is increasingly aware of the importance
of understanding and protecting our Earth System
while serving the needs of all its citizens.

Systems

The development of WIGOS, from its initial concept
to implementation, has demonstrated the need for a
new approach to data across all WMO services and
applications areas. More integration is essential, not
just in the sense of integrating data sets but in the
assessment of requirements and in looking along
and across the data value and supply chains. The
need to form a special Inter-commission Coordination
Group to lead the development of the WIGOS concept
was an indicator that the current constituent body
structure needed modernizing. It was necessary to
harness the combined forces of the somewhat siloed
technical commission and programmatic structure
at WMO to ensure the development of an integrated
concept. It was also necessary to build a closer working
relationship with regional associations, from system
design to practical implementation, with more efficient
engagement of their experts in both areas.
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Data Sharing for Sustainable
Development: the WMO
Information System (WIS) 2.0
By Jane Wardle and Jeremy Tandy, both of the Met Office, UK

Will the “cloud” and machine learning yield the next
breakthrough in the weather, climate and water area?
Exceptional advances in technology and its use over
the last few decades have irrevocably changed how
we work and live. Computers are more powerful than
ever before; the smartphones in our pockets are faster
than the mid-1980s Cray-2 supercomputer. Ninety
percent of all data in existence has been created in the
last two years. The cloud provides readily accessible
capacity to store and process huge volumes of data.
Machine learning is helping scientists to explore
massive datasets and make new discoveries in fields
from agriculture to genomics to particle physics.
Fifty-five percent of the world’s population used the
Internet in 2018 and there are more than three billion
active social media users. What could that mean for
the global weather enterprise?

and with whom. They can leverage the data shared
by the global meteorological community to deliver
practical and effective services to their citizens and
government.

Businesses increasingly harness data and technology
to improve their performance. Often, these innovations
also contribute to positive societal impact. For example,
Global Fishing Watch (https://globalfishingwatch.org/)
promotes ocean sustainability by exposing illegal
fishing. Machine learning algorithms are detecting
patterns in vast sets of vessel-tracking data and
satellite imagery to identify when a vessel is fishing.
Global fishing activity is published in near real-time
on the Web via a freely accessible interactive map.
Now everyone can see who is fishing and where,
unlocking unprecedented opportunities to improve
fisheries management and support governments in
safeguarding Marine Protected Areas.

Many NMHSs are already working with partners on
modernization programmes that use new technology
and more data to deliver improved services to end
users. For example, the Mozambique National Institute
of Meteorology (INAM) is developing an enhanced
coastal modelling capability to provide improved early
warning services to the fishing community and better
mitigate the impacts of severe weather on trade and
shipping through longer lead-times for preparedness.

Meteorological data are vital factors to decisions
about public safety, agriculture, health care, transport
and more. By embracing these new technologies,
National Meteorological and Hydrological Services
(NMHS) can better control how their data are shared

These kinds of data-intensive services benefit greatly
from the increasing availability of new and more
diverse data sources, easier access to computing
resources to process large volumes of data in nearreal time and use of Web technologies to convey
the resulting insight directly to those who need to
make decisions and take action. That said, without
training and capacity development, the availability
of new technology and data will not translate into
better service delivery.
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•

2030 Agenda for Sustainable Development

•

Paris Agreement on climate change

The United Nations global agendas have reinforced the
need for governments, private sector and academia to
work together to respond to current and future societal
challenges. Authoritative meteorological data are vital
components in this endeavour. WMO Members need
to increase the visibility and accessibility of data from
their NMHSs while helping to raise their profiles as
the authoritative voice on weather, water and climate.
WMO is looking to the future through its draft Strategic
Plan and Budget 2020-2023 and Governance Reform
aimed at aligning form to function. Both will be
presented to the World Meteorological Congress in
June 2019.Data and information systems play an
important part in this, ensuring that WMO will be fit
for a technologically advanced future and in enabling
Members to effectively contribute to the mitigation of
disaster risks and to sustainable development.

Our past

The WMO Global Telecommunications System (GTS)
was established in the 1970s as one of the three pillars
of the World Weather Watch (WWW). This world-wide
coordinated telecommunication system was designed
to enable Members to share data and products with
each other in support of operational weather forecasting. Over the last 40 years, the GTS has successfully

moved indispensable, time-critical data between
NMHSs 24 hours a day, 365 days a year.
Recognising the importance of meteorological data to
everyone – not only NMHSs – the WMO Information
System (WIS) was commissioned by Congress in
2007. WIS built on and incorporated the GTS, adding
a data catalogue, data discovery portal and additional
mechanisms for users to subscribe to and download
data shared on the GTS. Members now operate centres
that publish data and deliver services to meet national,
regional or WMO programme requirements.

The issue
Despite enabling broader inclusion and use of data
for all WMO programmes, and access to the data in
external systems, WIS is perceived as a niche infrastructure that only offers data-sharing among peers
in the expert meteorological community. Its focus
is on the GTS and data supporting WWW, thus data
and products from other WMO programmes and the
broader meteorological community can be difficult
to find. This means the full value of our data, and
therefore our NMHSs, cannot be realised.

Our future
WIS 2.0 reaffirms the original intent of WIS: to open
up access to environmental data and products. It
will provide users with improved discovery of, and
seamless access to, diverse authoritative information
from a wide range of sources. These improvements
contribute towards the WMO Reform aims of increasing
the efficiency and effectiveness of the Organization

Technological advances and the increasing
demand for more and more diverse services
from increasingly sophisticated and capable
users changes rapidly the service delivery and
business models in many parts of the world.
- WMO Strategic Plan 2020-2030
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Commission for Observation, Infrastructure and Information Systems
The Commission shall contribute to:
•

Development and implementation of globally coordinated systems for acquiring, processing,
transmitting and disseminating Earth system observations, and related standards;

•

Coordination of the production and use of standardized analysis and model forecast fields;

•

Development and implementation of sound data and information management practices for all
WMO Programmes and their associated application and services areas.

WIS 2.0 will increase the visibility and accessibility
of NMHSs’ data, helping to raise their profile as the
authoritative voice on weather, water and climate.
Designed to support both free and open data as well
as data released under commercial or restrictive
licenses, WIS 2.0 will also make it simpler for NMHSs
to keep control of their data. With better mechanisms
to find and use meteorological data, WIS 2.0 aims to
support NMHSs in delivering better services to their
citizens and government. They will benefit from more
data supplied by increasingly diverse and numerous
sources.

In WIS 2.0, participating centres will provide Web
services that enable users to access and interact with
data. Whereas the current WIS focused on operational
data, the services which can be made available in WIS
2.0 also enable centres to share historical data and offer
access to archives, where appropriate, to support the
needs of all WMO programmes. Global Information
System Centres (GISC) will continue to coordinate
data sharing within their area of responsibility, and
provide core services such as the discovery portal
and catalogue management.

The Governance Reform supports this more open way
of working. The proposed Infrastructure Commission
(Commission for Observation, Infrastructure and
Information Systems) will cover all areas of activity and
support Members by providing effective mechanisms
for global data sharing.

Welcome to WIS 2.0
WIS 2.0 is an evolution rather than a revolution: the
roles of WIS Centres and the majority of current WIS
functions are largely unchanged. The essence of the
change is to use the Web to share data and information.
According to the World Wide Web Consortium (W3C)
“the Web is the World’s most successful distributed
information system.” The WMO review of emerging
data issues finds that Web services are one of the
technologies that “present new operating concepts
that will improve operational efficiency, information
sharing and service delivery, and enable users to more
effectively exploit data.”

Real-time delivery of data and products in support of
the WWW remains a core requirement for WIS 2.0.
The existing data exchange mechanisms used on the
GTS will be complemented with modern, Web-based
messaging protocols such as those that underpin
social media platforms like WhatsApp and Twitter.
The GTS already uses managed regional networks,
known as ‘Area Meteorological Data Communications
Networks’ (AMDCN), that use high-performance
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managed networks and Internet. With such networks,
intermediate routing of messages between centres
is no longer required: routing is delegated to the
underlying network infrastructure to move messages
from origin to destination. WIS 2.0 takes advantage of
this change and will phase out the use of GTS routing
tables and bulletin headers.

infrastructure. Another challenge is that data volumes
are becoming so large that it is impractical to download
the data fast enough to meet operational requirements.

With Web technology at its core, WIS 2.0 will use
widely adopted open standards and leverage industry
best practices. Firstly, this will allow the global user
community to conveniently discover, access and use
authoritative weather, water and climate information.
Secondly, it will be simpler for NMHSs to partner with
others to deliver services to end-users due to sharing
the same base technology.

On behalf of the European Commission, the
European Centre for Medium-Range Weather
Forecasts (ECWMF) have implemented the Climate
Data Store (CDS) as part of the Copernicus Climate
Change Service (https://cds.climate.copernicus.
eu/). The CDS is designed to provide Web-based
access to, and interaction with, petabytes of
existing climate datasets: observations plus global
and regional re-analyses and climate projections.

Providing data using the Web does not automatically
mean that those resources are freely available to all
without restrictions on use. Web technologies allow for
authentication and authorization where necessary: the
provider retains control of who can access published
resources and can require users to accept a license
specifying the terms and conditions under which those
resources can be used before allowing them access.
The WIS 2.0 Implementation Approach proposes
eleven technical principles to guide the evolution of
WIS as outlined above.

Big data and cloud adoption
Satellites, radars and numerical models are producing
more data than ever before, yet WMO Congress
concluded in 2015 that most Members are “illprepared” for this change. Storage, management and
processing of so-called “big-data” requires expensive

Cloud implementation example:
Copernicus Climate Data Store

The CDS provides a “toolbox” that enables
developers using a Web browser to write high-level
python code to process CDS datasets and visualize
the results, thereby creating specific applications
that are delivered to end users as Web services.
Crucially, this application code executes on a
private cloud infrastructure with high-speed access
to massive volumes of data, scaling elastically1 to
meet users’ collective demands. Using the CDS,
end-users can gain insight from climate data with
minimal effort.1
1

The term “elastic” is important in reference to the
cloud where applications can grow and shrink their
infrastructure use in response to users’ collective
demand

When designing their Web services, WIS centres
publishing big-data should consider the capability of
users to work with the data. Instead of expecting users
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to download entire datasets for local processing, WIS
centres should provide Web services that allow users
to download only the data or information they actually
need. Such services may range in complexity – from
extracting a geographic subset of data through to
remote execution of a local area weather prediction
model. In both examples, the data is processed on
the data provider's infrastructure to create a product
that is small enough to be conveniently downloaded
and used.
Where data processing is complex, intensive or
requires a lot of user-specific configuration, WIS centres
should consider use of cloud technologies to underpin
their services.
WIS 2.0 does not require the use of cloud; rather WIS
2.0 implementation will encourage WIS centres to
adopt cloud technologies where it is appropriate to
meet their users’ needs. There will not be technical
regulation saying “cloud must be used.” Instead, we
hope to see a gradual adoption of these technologies
because it makes sense to do so.
Cloud technologies are still new to many Members.
Best practices on use of cloud and details of
successful cloud implementations will be shared
among Members. Additionally, the proposed WIS 2.0
implementation programme aims to provide capacity
building opportunities to support cloud adoption.

What happens next?
Feedback on the WIS 2.0 Implementation Approach has
been gathered through consultation with Members.The
implementation approach will be updated in response
to that feedback and the new version submitted to
Congress in June for consideration.
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Following Congress, further development of the
technical requirements and architecture of WIS 2.0
is planned in collaboration with NMHSs that operate
GISCs. This information will help Members assess
the indicative implementation and operating costs.
Congress will be asked to authorize Executive Council
to approve WIS 2.0 Implementation once this additional
information has been provided for Members.
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By Peter Bauer1, Michael C. Morgan2, Siham Sbill3

Past improvements
Progress in environmental monitoring and numerical
weather and climate prediction has been intimately
connected with the progress in supercomputing. Over
the last few decades, advances in computing power
have enabled us to increase the skill and detail of our
forecasts through increasing spatial resolution, enhancing realism by adding more detailed representations
of physical processes, joined with more Earth-system
components and investment in ensemble techniques
to characterize the uncertainty of both initial conditions
and forecasts (Bauer et al., 2015). 1 2 3
Better models and better data assimilation techniques
have allowed us to more effectively exploit information on the Earth system. As a computing task, data
assimilation is as costly as producing forecasts and
this cost grows along with model enhancements and
with the increases in both volume and diversity of
the assimilated observations. As prediction systems
improve and the expectation of forecast consumers
for more specialized forecast products increases, the
volume and diversity of the output data will grow at
similar rates or even faster than the computing cost.
In the past, this growth in cost was compensated
mostly by a comparable growth in computing and
data handling capabilities arising from the ability
to engineer more transistors onto microprocessors
(Moore’s law 4) and from higher clock-speeds at

constant power (Dennard scaling5), while processor
prices reduced. As transistor density reaches physical
limits and clock-speeds stabilize to limit electric power
consumption, added growth in performance can only
be expected from more enhanced parallelization and
from new processor technologies that combine this
connection with enhanced power efficiency. Much of
this technology is currently derived from commodity
devices such as mobile phones.

Future challenge
It has been predicted that in ten years, typical operational weather prediction and climate projection
workloads with high-resolution, coupled Earth-system
model ensembles will lead to at least a factor of 1 000
larger computing and data handling needs compared
to today (Wehner et al. 2011). These needs can no
longer be fulfilled through the evolution of hardware
technology alone but will require complementary
fundamental developments in mathematical, numerical
and statistical methods but also in programming
techniques that allow for the optimal mapping of
the diverse range of computing tasks of numerical
predictive models onto the emerging processor types
ranging from CPU, GPU, FPGA to highly specialized
ASIC (application-specific integrated circuit) devices
(Schulthess, 2015). This range may widen even more
in the future, and the significant challenge for any
application will be to exploit the potential of future
hardware.6

1

ECMWF, UK

2

U Wisconsin-Madison, USA

3

National Weather Service, Morocco

5

www.rambus.com/blogs/understanding-dennard-scaling-2/

4

www.economist.com/the-economist-explains/2015/04/19/
the-end-of-moores-law

6

www.newscientist.com/article/mg24031990-300-could-theworlds-mightiest-computers-be-too-complicated-to-use/
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Photo: World Meteorological Day 2013 Exhibition - Radio room, Central Weather Station, Santiago
International Airport, Chile (1966)
A key upper-limit imposed on HPC systems is the
affordable electric power level. Present peta-scale
(such as supercomputers allowing 1015 floating point
operations per second for tasks running at peak performance) systems consume O (106) watts per year,
which translates to O (106) $ USD cost for power and
cooling per year. At present, most HPC centres are built
on the assumption that their overall power budget will
not exceed O (20MW), which falls well short of the
above factor-1000 increase. So simply buying larger
computers is not an option because of affordability.
Data communication on the HPC system is a central
concern in this enterprise as moving data on a chip
consumes about ten times more energy than performing a calculation while moving data between
chips costs another ten times more than moving data
on the same chip (Kogge and Shalf 2013). A further
concern is how observational input and model output
data are managed along the prediction workflow
to enable efficient pre- and post-processing, again
aiming to minimize data movement, reduce storage
needs and ensure resilient forecast production at the
same time. While the computing and data handling
challenges increase drastically, the requirements for
data usability and fast access by users rather tighten.

More users wanting more information faster create
tremendous challenges for data handling. This will
require investing in a mixture of centralized and cloud
computing solutions that allow moving applications
closer to where large volumes of forecasting data sit
and to more evenly distribute costly and user-driven
data analytics and post-processing across a wider
range of platforms.

And the role of artificial intelligence?
The re-emergence of artificial intelligence methods
sponsored by large-scale commercial applications
has created opportunities for contributing to the
much-needed efficiency gains. Big companies like IBM
and Microsoft (supporting AccuWeather) advertise
their ability to deliver highly specialized solutions for
customers taking the available output from operational
national and international centers in addition to their
own forecasting products. This has become feasible
because purpose-built processors are assembled at a
larger scale and deep learning software is able to sort
through vast amounts of data from both models and
observations for extracting meteorological information
to be forecast.
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However, the use of such techniques for observational
data pre-processing and model output post-processing
can help better distribute the data handling workload
along the workflow, to extract useful information more
effectively from large data volumes and to reduce
the computational burden of selected prediction
model components by replacing them with surrogate
neural networks.These applications are areas of active
research at present but have already been tested in
the past (Lee at al., 2018, Hsieh and Tang, 1998).

Commission8 project is an example complemented by
many national weather forecasting agency efforts in
the US, Japan, China and Europe.
Due to the complexity of the challenge, research needs
to collaborate closely with the computing technology
industry and weather and climate science needs to
collaborate closely with impact sectors like water,
energy, food and agriculture and risk management
sectors. These collaborations and cutting-edge science-technology research are the central focus of the
ExtremeEarth9 project that has been proposed as a
European Flagship project promising breakthrough
prediction capabilities in this new era.
These challenges clearly contribute to further widening
the capability gap between more and less developed
countries as they require a unique level of expertise,
co-design between research and industry and significant technological support for both software and
hardware. This is where international collaboration
fostered by organizations like WMO will be crucial
to produce sustainable economies of scale and to
support knowledge-transfer between different areas
of expertise and across countries and continents.
The role of WMO
Detailed recommendations for a revised strategy
include:

Present research efforts
The above challenges pose a fundamental obstruction
for the future advancement of both weather and
climate prediction capabilities. Increased awareness
of this problem has led to large-scale research and
innovation efforts in many developed countries which
are supported by significant governmental and public-private funding efforts. The Department of Energy7
in the United States of America (US) and the European

7

https://e3sm.org

•

The establishment of scientific methodologies
exploring enhanced parallelism and reduced data
movement when employing extreme-scale HPC
infrastructures;

•

Support of standardisation of portable code
structures and programming models ensuring
efficiency and code readability, and exploiting
the future range of processor and system-level
technologies including metrics for code testing,
performance analysis and benchmarking;

•

Designing portable data handling frameworks
for observational data pre-processing and

8

https://portal.enes.org, https://www.esiwace.eu, http://www.
hpc-escape.eu

9

http://extremeearth.eu
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The replacement of physics based prediction systems
by deep learning seems unlikely as the number of
degrees of freedom and the non-linearity of the Earth
system would require very complex neural networks
that will be difficult to train and risk being potentially
inefficient to run on computers (Düben and Bauer,
2018). Part of the challenge for neural networks when
targeting globally valid forecasts across medium,
seasonal and climate scales will be to produce physically consistent forecasts, maintaining both closed
budgets and conservation of fluxes. Dealing with
biases and errors in training data adds significantly
to that challenge.
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model output post-processing as well as product
dissemination;
•

•

•

Supporting open and distributed, cloud-based
computing and data management infrastructures
dealing with all steps in the forecast production
workflow including easy access, information discovery and visualization for end-users;
Adapting artificial intelligence methods (such as
deep learning) to facilitate increasingly diverse
observational data processing, user-dependent
information extraction from increasingly complex
model output data, and development of surrogate
model components resulting in reduced computational cost;
Establishing capacity-building and training
between applied science and computational science to facilitate uptake of new technologies and
methodologies by the community.

Almost all application areas in the weather and climate
prediction community will benefit from this strategy
as the new computing and data handling capabilities
will enable new scientific discovery, cost-effective
operation and enhanced knowledge transfer from
experts to the wide user base.
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By Stine Degnegaard and Michel Bloch Andersen, co-contributor Henrik Nordskilde, all of the Danish
Meteorological Institute (DMI)

WEATHER AUTHORITY AND SCIENTIFIC ADVISER
ON CLIMATE TO THE DANISH REALM

DATA AS A FOUNDATION AND
GROWTH ENGINE

TRE STRATEGISKE INDSATSOMRÅDER FOR AT LYKKES

WE EQUIP YOU FOR THE
WEATHER OF THE FUTURE

24 hours a day DMI contributes to the
security and growth of the Danish
Realm through research-based
advisory, knowledge and data about
weather, climate and ocean

Data som fundament og
vækstmotor
Det betyder, at vi
indsamler, anvender og
deler de bedste data.

Rigsfællesskabets vejrmyndighed
A DYNAMIC DMI
og klimavidenskabelige rådgiver
Det betyder, at vi skal
levere den viden om vejr,
klima og hav, som borgere
og samfund har brug for.

“What are you actually doing?” That is not a question
that a management group likes to hear. But it is the
question that the Danish Meteorological Institute
(DMI) Director General MarianneThyrring and Deputy
Director General Anne Højer Simonsen have faced
with from their stakeholders on several occasions.
Besides the daily weather forecasts, most people
simply do not know what DMI does. One of the things
DMI does is store data that extends far beyond the
five-day forecasts and gale warnings. “And these data
are worth gold,” says Ms Thyrring.
In 2016, Ms Thyrring and Ms Simonsen spotted the
great potential offered by the enormous amount of
raw data in the weather area, especially in the hands
of DMI, a recognized authority with expert knowledge.
Therefore, they set out to transform the Institute.
“Citizens and companies do not just suddenly think
‘perhaps DMI could provide something within this

Dynamisk DMI
Det betyder, at vi i fællesskab
kan agere effektivt på
forandringer og gribe nye
muligheder.

area?’ Few people do, because they do not know
what we are capable off. Our task was to re-define
how society sees and makes the most of DMI,” related
Ms Thyrring.
DMI will gain new and greater importance by making
its data publicly available to citizens.The Institute plans
to work with other public organizations to create new
supply chains with its raw data. Third parties could
further process such data to develop new services
for the growing number of stakeholders who could
benefit from weather data. Many sectors could benefit,
most notably the utility and agricultural sectors.
Deloitte estimated 2016 1 that meteorological data
could result in realizations of an additional DKK135

1

publicperspectives.dk/dmis-datadrevne-vej-gennem-stormen/ (in Danish)
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million (US$ 20.55 millions) a year for the Danish
agriculture sector.

DMI and data
DMI was established in 1872 and is under the Danish
Ministry of Energy, Utilities and Climate: It has an
annual turnover of about DKK300 million (US$45.67
million). It is in charge of the meteorological operations
within Denmark and Greenland.This includes forecast
and warning service as well as observation of
weather, climate and ocean conditions. DMI is the
core authority tasked with, for example, warning
and aviation services. This will remain an essential
part of its future mandate. Its commercial services
consists of providing data and counselling for the
private sector and for other government authorities,
such as the Danish Road Directorate and the Danish
State Railways (DSB).
As a founding Member of the WMO, Denmark’s data
policy aligns with the WMO principle for free and
unrestricted exchange of meteorological data between
national meteorological services, thus contributing to
a global public good. A completely free and open data
access will require that DMI place additional focus
on the quality of its data and quality management
systems. DMI identified three important steps to
implementing its new data policy:
•

Public access to data- A shift was required to make
weather and climate data publicly available for the
benefit of, for example, business, municipalities
and emergency services. The process will start
this year with raw data, then processed data in
2021 and 2022.

•

Observation stations - DMI will invest more in
its network of observation stations, which cover
Denmark, the Faroe Islands and Greenland.

•

Climate atlas - DMI data will be used to create a
sort of “climate crystal ball” for municipalities to
use to plan, amongst others, construction and
infrastructure projects. The atlas will present a
vast array of data, for example, precipitation
extremes in a location, with data on type (rain,
snow, hail, etc.), frequency and amounts.

Strategic approach
Ms Thyrring and Ms Simonsen saw a great business
case, so they did something that DMI had never done
before. They made the strategic decision to develop
DMI’s new authoritative role as publicly as possible.
They presented the idea directly to the stakeholders
who would benefit most from the change in DMI's
approach: the Confederation of Danish Industry
(DI), the Danish Agriculture & Food Council, energy,
transport and infrastructure companies and many
more.The dialogue continues with these new partners.
DMI offered stakeholders the opportunity to get
access to all its data – data that could be used to
support their work to a much higher degree than it
does currently. The reactions were overwhelmingly
positive. And Ms Thyrring and Ms Simonsen knew
they were on the right path.

More data in public domain
DMI is following a trend in Denmark where more
and more government agencies are making data
publicly available. Deloitte Director Stine Degnegaard
observed from the extensive study of Denmark’s
business models, “We see quite a few government
agencies establishing open access to data right now,
and this makes it possible to combine data in entirely
new ways. Suddenly, it becomes possible to see
patterns that were not visible before. There are many
opportunities. We can predict events to a higher
degree and thus prevent diseases and other things
from occurring.This creates enormous societal value.”
About DMI she observed that “They have started a
transformation, and their business model is about
creating as much value as possible for the Danish
society and about contributing as much as possible.
Therefore, DMI will have a much more extrovert role
in the future.” DMI is preparing for this completely
new role in society.
In order to ensure this "spring cleaning" – or
transformation process – Ms Thyrring and Ms
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Three generations of business
models
The research Deloitte Director Stine Degnegaard
identified three types of business models that have
changed over time.
•

Product-oriented – The traditional business
model is focused on the product and its
optimization.

•

Service-oriented – This model focuses on
the customer experience. It requires a more
extrovert approach, including interviews
and focus groups to ensure a good customer
experience. It has become increasing popular
over the last 20 years.

•

Society-oriented – Today, this third generation
business model is flourishing. The focus is
addressing societal challenges as a company.
This is the journey that DMI has started.

In the future, DMI may offer one complete package
with data to district heating plants, farmers and other
customer groups. It would be up to the customer
to mine the data that are relevant to their specific
business. This will open opportunities for other
players, including private meteorological companies,
to provide highly localized and innovative services to
individual customers. In this way, DMI will promote the
WMO policy for enhanced public-private engagement
in serving a huge number of diverse businesses and
society.
The transformation process includes considerations
of how raw data should be distributed, of the required
data quality, as well as how research and customer
service will be affected at DMI. The transformation is
well under way, but definitely not finished – the actual
implementation lies ahead. New services have to be
integrated while others should be either discontinued
or be carried over.
DMI’s new role also requires a lot of work internally. “It
is a process that has just begun,” states Ms Simonsen.
“We all need to adjust to a new mind-set. This is
actually the most difficult and most important part.
Once we get to where our mind-set reflects the new
strategy, we will succeed.”

Leadership driven change
make weather and climate data available to everyone.
The initiative has turned DMI into a national showcase
for potential benefits of publicly opening access data.

Focus on the large societal groups
DMI will no longer provide specialized datasets to
small customers under the new model. Currently, for
example, 60 district heating plants each receive their
own unique data set, in the future the volume will be
much bigger and the focus will be on the raw material
and big data instead of customized solutions. “Until
now, the company has both delivered weather forecasts and sold data packages to different customers.
This has given rise to more problems than benefits.
DMI will continue to deliver commercial services but
to a lesser extent,” explains Ms Thyrring.

MarianneThyrring is the Permanent Representative of
Denmark with WMO and the current Director General
of the Danish Meteorological Institute (DMI). A trained
political scientist, she has over 20 years experience
in environment and climate policy and impressive
leadership credentials. She was the Deputy Head of
Cabinet for the Danish Commissioner for Environment
at the European Commission and the Permanent
Secretary of the Ministry of Environment.
What matters to Ms Thyrring is “feeling the thrill of
taking responsibility and driving change as a product
of good leadership.”Thus, it comes as no surprise that
it was thee high level of complexity, the relevance
of its services and the need for new strategies and
organizational models that attracted her to take on
the role of DMI Director General. In this capacity,
she considers her major achievements to be in the
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Simonsen first needed political support.They reached
out to the Danish Minister for Energy, Utilities and
Climate, Lars Christian Lilleholt, in the summer of 2016.
He could see the potential. This led to an agreement
on the public release of data, which entails a budget
grant from the Danish government in order for DMI to
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Marianne Thyrring, Permanent
Representative of Denmark
with WMO and the current
Director General of the Danish
Meteorological Institute (left) and
Anne Højer Simonsen (right).

area of research and development, free data policy,
modern technology and high-performance computing,
all with the ultimate goal of providing Danish citizens
with relevant and reliable information on weather
and climate issues.

We equip you for the weather of the
future and a mission: 24 hours a day DMI
contributes to the security and growth of
the Danish Realm through research-based
advisory, knowledge and data about
weather, climate and ocean; that entirely
rests on the core tasks of a National Met
Service.
– DMI Vision Statement

Anne Højer Simonsen came to DMI following a 20-year
career in climate and energy policy. Over the last 17
years, she had held various management positions,
and was deputy permanent secretary in the Ministry for
Climate, Energy and Building before her engagement
at DMI. When Ms Thyrring brought her in, she was
aware of challenges ahead. DMI was standing on a

volatile economic platform with limited time to rectify
the situation. As a trained economist, Ms Simonsen
brought an outside-in approach that helped to map
the possible road ahead and a perspective that is
more inclusive of stakeholders.
Although comprehensive, DMI’s transformation has
only just begun. During summer of 2018, Ms Thyrring
and Ms Simonsen initiated the development of an
updated strategic platform as the basis for further
development of DMI. The work was centred around
two strategic working groups with participation from
leaders and employees alike. DMI Strategy 2019-2023,
launched in January 2019, offers a platform for focus
and dialogue on the way forward for:
•

Data as a foundation and growth engine

•

Weather authority and scientific advice on climate
to the Danish Realm

•

A dynamic DMI

The point of departure is having the courage to lead the
way and establish common solutions both nationally
and internationally, in order to apply our knowledge
in collaboration with others and for our resources to
be used in the most efficient way. This will require that
DMI look towards new areas and develop an active
dialogue with its stakeholders.
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Integrated Services for
Decision-makers
By Gerald Fleming

But most meteorologists will claim that, from its
inception, meteorology has focused largely on the
development of service products – from the Storm
Warnings originated by Fitzroy in 1861, through the
METeorological Aerodrome Reports (METARs) and
Terminal Aerodrome Forecast products (TAF) devised
for the nascent aviation industry, to texts and charts
for newspapers, down to today’s websites and apps
(Web applications). These outputs, however, have
typically been condensed quanta of information, put
out into the public domain with little knowledge of how
they were actually taken up and used by recipients.
What more will the new WMO Commission for Service
deliver? A paradigm shift – the integration of all
weather, climate and water information and knowledge needed by decision-makers in one reliable,
accessible source. Such integrated services can be
defined as the provision of all relevant information
that decision-makers need in their specific place, time
and decision context, given the choices that they face.
Thus, to begin to understand Integrated Services in
meteorology, we need first to reflect on two other
concepts: “Decision-makers” and “Choices.”

Decisions-makers
Hollywood has created dramatic images of decisionmakers for us: the military leader deciding when
to launch an attack; the rebels choosing when and
where to stage an ambush; the police detective finally
making sense of the clues and launching an operation
to foil a crime. But in real life, most decisions – and
decision-makers – are far less dramatic. What remains
true is that decision-making is nevertheless important
for the smooth functioning of civil society, and for
the safety and security of all citizens.
There are a myriad of decisions made each day on
which meteorological intelligence has some bearing.
The transport networks that enable mobility depend
crucially on weather information, be it the salting of
roads in winter, the safe operation of trains in high
summer, the day-to-day decisions of the “traditional”
user communities in marine and aviation. The
generation of electrical energy, the supply of clean
water, the safe treatment and disposal of sewage, the
growth of our food and the husbandry of livestock
– decisions in these areas and many more, which
impact on our societies, are being made every minute
of every day and could benefit from meteorological
input.Then there is the summation of all the individual
daily decisions we make on clothing, on what transport
option to take, on what food to buy… small decisions
on the face of it but adding up to substantial impact
overall.

Choices
The fact that decisions are even possible means that
there are “Choices” to be considered. It is important
to realize that these choices are frequently informed

Services

We live in the age of the Service Economy. In the 20th
century, scientific and technological breakthroughs,
particularly in computing and information technology,
combined with the globalization of trade to effect
a shift in many countries from manufacturing to
service economies. Providing advanced services is
now a major driver for the economic development of
many nations. WMO too aims to strengthen service
delivery through the new Commission for Weather,
Climate, Water and Related Environmental Services
and Applications.
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by factors well outside the realm of meteorology.
These have to be weighed up and considered sideby-side with meteorological components to produce
a good and informed decision. There is nothing new
in this! Over two-and-a-half thousand years ago the
great Chinese military strategist Sun Tzu laid out five
constant factors to be appraised in assessing the likely
outcome of a war:
•

The political direction

•

The weather

•

The lay of the land

•

The quality of the leadership

•

The discipline of the troops

The weather, clearly, must be seen in the holistic context of all the other variables which a decision-maker
may have to consider. Thus we approach the idea of
a “Weather Service”. Supplying a piece of paper with
a statement of the likely weather is the provision of
a product. Add to that piece of paper the opportunity
to discuss its contents, the understanding by the
forecaster of the options and limitations faced by the
Decision-maker, the interpretation of the forecast in the
light of those options and limitations and the outlining
of realistic alternatives that the Decision-maker may
be interested in pursuing – these are all markers of

WMO - Banjir, Jakarta
Photographer: Kompas/Hendra A Setyawan (HAS)

a “Service” focus that goes far beyond the supply of
a product.

Services
Meteorology, however, encompasses far more than
weather. At the World Climate Conference-3, organized
in 2009 by WMO, the concept of Climate Services was
brought to the forefront with the establishment of the
Global Framework for Climate Services (GFCS). In
truth, climatologists had long been providing services
to planners and others, but the great increase in
climate modelling now provides a broader basis for
Climate Services. With probabilistic weather forecasting extending to the monthly and seasonal ranges,
the basis now exists for seamless forecasting across
time scales from minutes to centuries.
Added to this is an increasing focus on Hydrology.
Studies consistently show that flooding is the largest
single weather-related factor in damage and economic
loss from natural hazard events, while the reliable
availability of water for agriculture is a growing
concern as climate patterns shift. Another hazard,
closely related to meteorology, is poor air quality,
the severity of which is increasing in the very large
urban environments. Maintaining environmental
quality as a major contributor to “quality of life” while
simultaneously promoting economic development has
become the outstanding challenge of the 21st century.
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The disparate strands of meteorology and its
related disciplines – weather, climate, hydrology,
oceanography, air quality, environmental quality – all
derive from different areas of study, each with its
own history and background. For the Decision-maker,
however, these are all aspects of meteorology – all part
of the natural world which to one degree or another
are influenced by the behaviour of the atmosphere.

This integrated approach implies considerable background technical work in aligning information formats
and having a common approach to presentation and
graphic design, to help in providing information in
more “usable” format to the decision-maker.These are
significant challenges; first in aggregating information
from many diverse sources to get a holistic view of the
decision-making context, and then in delivering the
integrated services via a common format or interface
that can deliver information to the user in their own
preferred manner.

Thus the need for “Integrated Services” – a paradigm
where the user or decision-maker can access all of the
information and knowledge that they need through
one reliable source. For National Meteorological
and Hydrological Services (NMHSs) the challenge
is to bring together all the disparate knowledge and
wisdom within their ranks into one central point for
service delivery. Indeed the provision of Integrated
Services will demand, for many, partnerships with other
agencies and organizations which have complementary
responsibilities. For example, in most countries the
public services whose remits include natural hazards
contain a vast repository of information and experience,
but accessing it, even by other government agencies,
is not always straightforward or possible. Even in the
case of emergency management, when decisionmaking may have critical implications for society, the
availability of key information to the decision-maker
is often (indeed usually) sub-optimal.

Fortunately, advances in science and technology
bring solutions. In meteorology, the development of
seamless, impact-based forecast and warning services
continues apace. More generally, the advent of artificial
intelligence and the ability to effectively manage
“big data” provide the technical building blocks for
contextualizing weather information right down to the
individual user. Just as websites and apps can advertise
eerily appropriate offers of products and services to
us based on our user profile, so an integrated weather
service provider could know enough about us (if we
wished, or allowed) to provide us with personalized
meteorologically-based information and advice. Such
powerful information-based tools will need to be
focused firmly on the public.

NMHSs have the opportunity to take a lead in organizing and delivering Integrated Services. Most have been
in the business of delivering services for decades, and
frequently incorporate a strong service ethic. Through
their work in both traditional and online media, many
have high levels of visibility among their citizens,
and have developed the tools and reach to bring
their forecasts and warnings messages to users in
an efficient manner. They have earned the trust of the
citizens they serve – trust that is a valuable asset for
effective service delivery. NMHSs are thus well-placed
to act as the focal points in channelling both their
services and complementary services from partner
agencies through one conduit of delivery, typically a
website or a smartphone app.

Key decision-makers – emergency managers, transport
managers, energy companies, road maintenance
engineers, agricultural advisors, etc. – require another
level of service provision. Their decisions have wide
and deep ramifications for society. A personal element
is vital in service delivery to such clients. A person-toperson connection, and the building-up of trust over
time between information provider and decisionmaker, remains crucial. Ideally, the focal point contact
person for the NMHS and the partner agencies should
know something about the business and constraints
of the decision-maker.

Integrated services from the public and
private sectors

Of course that focal point needs background support;
they will not be expert in all of the topics on which
they may be consulted. They will need ready access
to forecasters, climatologists, hydrologists, air quality

Services

Delivering Integrated Services

27

28

Vol. 68 (1) - 2019

specialists and so on to help them interpret, clarify and
contextualize the often complex scientific information
for the decision-maker. Superb communication skills
will be a must.

fit-for-purpose, quality controlled, properly incorporate
social science, are provided by competent personnel
and delivered via innovative and integrated delivery
mechanisms.

Growing urbanization, together with the increasing
complexity and interdependence of the infrastructure
that supports urban society, provides the need – and
opportunity – for more wide-ranging and focused
public weather services. These should encompass
continuous innovation in delivery allied to excellence in
meteorological, hydrological and atmospheric science.

In short, Integrated Services can be a route to excellence
in decision-support, ensuring that NMHSs are centrally
placed to support governments in discharging their
essential responsibilities and to support users in
making their most critical decisions.

Weather services providers in the private sector –
frequently at the forefront in developing focused
and innovative services for specific categories of
users – will face the same challenges. In addition to
the more traditional categories of users, there are
now many more “new” users of meteorological and
hydrological information – the insurance industry, retail
businesses, the financial sector and more. The business-to-business opportunities for detailed, focused
weather information is almost limitless.

Planning for the future
Meteorology has made tremendous scientific progress
over the past four or five decades. Our ability to detect,
measure, understand and predict atmospheric phenomena and events would seem incredible to those
who worked in our field in the mid-20th century. Yet,
all of that knowledge and information is worthless
unless it is used to inform and support decisions.
The challenge now faced by meteorology is to match
the quality of science that we have achieved with a
commensurate quality in the delivery of services.
The re-structuring of the existing WMOTechnical Commissions to include the new Commission for Services
follows from a realization that the current structures
do not adequately support a holistic approach to
service delivery. Good service delivery, regardless
of the specific user or economic sector, is based
around a group of common attributes which are clearly
articulated in “The WMO Guide to Service Delivery.”
The new Commission for Services structure should
enable a more effective focus on these common
attributes, ensuring that services are impact-based,
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Contributing to Building a Weatherready, Resilient and Sustainable
Society
By Jochen Luther, Miriam Andrioli, Cyrille Honoré and Xu Tang, Weather and Disaster Risk Reduction
Services Department, WMO

The vast majority of disasters are triggered by
hydrometeorological hazards. Weather, climate and
water impact society and all socioeconomic sectors. According to the Centre for Research on the
Epidemiology of Disasters (CRED)–United Nations
Office for Disaster Risk Reduction (UNISDR)1, 91%
of the reported 7 255 disaster events recorded in
the International Disaster Database 1998–2017 were
related to hydrometeorological hazards. International
policy frameworks, such as the Sendai Framework for
Disaster Risk Reduction 2015–2030 (UNISDR 2015)2,
recognize the multi-hazard nature of disaster risks as
do decisions by the World Meteorological Congress
and the WMO Executive Council
The National Meteorological and Hydrological
Services (NMHSs) of WMO’s 192 Members provide
reliable and timely weather, climate, hydrological
and related environmental products and services to
a wide range of users and partners. In most cases
working around the clock, NMHSs play an essential
role in reducing disaster risk and in mitigating and
adapting to climate change. They do so primarily
by producing and delivering weather forecasts and
climate outlooks, warnings of hydrometeorological
1

CRED–UNISDR, 2018: Economic Losses, Poverty and
Disasters 1998–2017. https://www.unisdr.org/we/inform/
publications/61119

2

UNISDR, 2015: Sendai Framework for Disaster Risk
Reduction 2015-2030 https://www.unisdr.org/we/inform/
publications/43291

hazards, climate-variability predictions and climatechange projections. In addition, they coordinate
outreach activities to enhance public awareness as
well as the interpretation and use of their information
products. They closely collaborate with disaster-risk
and emergency management agencies to minimize
loss of life and property, negative economic impacts,
existing risks and the creation of new risks.
Service delivery is the continuous process for
developing and delivering user-focused services,
Products then depict basic information such as
observations and datasets or information resulting
from an analysis or forecast processes that the user
will base a decision on (WMO 2014)3.
Weather, climate, and water-related service generation
and delivery is thus a core business for each NMHS.
For many years, the WMO community has focused on
scientific and technical challenges, that is developing
the basis for timely, reliable and accurate services.
Meteorology, climatology, hydrology, oceanography
and hydrogeology have developed their own
approaches to service delivery. Various sectors
that benefit from these services also use their own
approaches to deal with the effects of hazardous
events on the safety, efficiency and continuity of

3

WMO 2014: The WMO Strategy for service delivery and
its implementation plan. WMO-No 1129. library.wmo.int/
pmb_ged/wmo_1129_en.pdf

Services

Delivering authoritative, multi-hazard and impactbased forecast and warning services for all
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The Sendai Framework – A call upon the WMO community
The Sendai Framework for Disaster Risk Reduction 2015-2030 adopted in 2015 targets a “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”. During the negotiations,
countries and partners highlighted the need to:
•

Invest in, develop, maintain and strengthen people-centred, end-to-end national early warning systems
(EWS), as well as effective, nationally compatible, regional multi-hazard early warning mechanisms;

•

Promote the application of simple and low-cost early warning equipment and facilities broadening
dissemination channels for early warning information to facilitate prompt action.

•

Broaden dissemination channels for early warning information to facilitate early action

To address these needs, States committed to attain global Target (g) of the Sendai Framework which aims
to substantially increase the availability of and access to multi-hazard early warning systems (MHEWS)
and disaster risk information.
The importance of EWS is also reflected in both the United Nations 2030 Agenda for Sustainable
Development1 and the Paris Agreement2 Sustainable Development Goal (SDG) 3 “Ensure healthy lives
and promote well-being for all at all ages” and SDG 13 “Take urgent action to combat climate change
and its impacts” set targets for governments to strengthen EWS. The Paris Climate Agreement, Article 7
on enhancing adaptive capacity, strengthening resilience and reducing vulnerability to climate change”
and Article 8 on loss and damage also place greater emphasis on strengthening EWS.
1

sustainabledevelopment.un.org/post2015/transformingourworld

2

unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement

their operations, requiring distinct and customized
hydrometeorological information.
NMHSs face challenges and opportunities due to
globalization, urbanization, climate change and evolving
information and communication technologies, as well
as new and increasing user requirements.The need for
timely information on what is occurring when, where
and how in terms of relevant hydrometeorological
phenomena, especially on clustered or cascading
natural hazards and their impacts, calls for the delivery
of integrated, seamless, impact-based and multi-hazard
forecast and warning services.
Over the decades, WMO has addressed changing
conditions and requirements through cross-cutting
policies, strategies, plans, its regional associations,
technical commissions, programmes, initiatives and
capacity-development projects, covering all elements

of the service generation and delivery process. WMO
continues to leverage advancements in science and
technology and to mainstream service dimensions
and approaches to improve both the services and their
delivery. NMHSs are shifting from a techno-centric
modus operandi and data and product provision to
a more integrated service-delivery approach, which
benefits from the inclusion of social science and
economics.These developments provide a good basis
for further integration across disciplines, timescales
and spatial levels, and among neighbouring countries
and regions.

Building on achievements
NMHSs generate economic and social value when their
users benefit from decisions taken on the basis of the
products and services they provide. Societal needs
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Meteorological, Climatological and Hydrological Services
Meteorological services provide information and advice on past, present and future states of the atmosphere;
hydrological services on surface and subsurface inland waters; and oceanographic/marine services address
the oceans. Traditionally, meteorological services have been divided into weather and climate services
based on the characteristic timescales of weather – minutes to weeks – and climate –months to centuries.
Climate information prepares users for the weather and its impact on the water cycle.

must be linked into the value chain for the production
and delivery of services to aid in decision-making and
action in order to have positive outcomes. It is also
necessary to appreciate the role of communication,
perception, interpretation and decision-making when
developing services. The analysis and assessment
of national socioeconomic benefits derived from the
provision of regular services by NMHSs are a matter
of utmost importance.
NMHSs and their partners in academia, civil society and
the private sector have made significant progress in
improving quality and diversity in each component of
the service value change.There have been advances in
research, numerical modelling, observing capabilities
(in situ and satellite) and computer and communication
technologies. The WMO coordinated systems below
offer a strong basis for them to build on in the future.
The WMO Integrated Global Observing System /
WMO Information System: The Global Observing
System and the Global Telecommunication System
(GTS) have enabled the monitoring and exchange of
observational data in real time between Members and
partners every day for more than 60 years. Without
them, no WMO Member would be able to serve the
needs of its citizens.
Further progress depends on adopting a new, integrated
approach in order to upgrade the global space- and
surface-based observing systems in a fashion that
optimizes knowledge of current environmental
conditions and exploits the data they produce.The WMO

Integrated Global Observing System (WIGOS) provides
an over-arching framework for the coordination and
optimized evolution of these systems (including GOS)
that will continue to be owned and operated by an array
of organizations and programmes. It will also support
better use of existing and emerging observational
capabilities, engaging regional and national actors
for their successful integration.
Similarly, the WMO Information System (WIS) is being
built on the GTS to be capable of exchanging large data
volumes, such as from new ground- and satellite-based
systems and finer resolutions in models and their
applications. WIS will be the vital data communications
backbone, integrating real- and non-real-time, highpriority datasets, regardless of location.45
The Global Data-processing and Forecasting System
(GDPFS) strengthens the capabilities of Members to
meet the needs of users by sharing Numerical Weather
Prediction (NWP) products and services at all timescales, from minutes to decades. It encompasses all
systems operated by Members (including those jointly
coordinated with other international organizations,
such as the International Civil Aviation Organization)
and provides a framework for data exchange and
delivery, the main support being WIS.
4

WMO, 2015(a): WMO Strategic Plan 2016-2019. WMO-No.
1161 https://library.wmo.int/doc_num.php?explnum_id=3620.

5

WMO, 2015(b): Valuing Weather and Climate: Economic
Assessment of Meteorological and Hydrological Services. WMO-No. 1153. https://library.wmo.int/doc_num.
php?explnum_id=3314.
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However, for most users climate and weather are mutually interchangeable, and in practice substantial
overlaps exist between all these categories: weather services cover application areas such as aviation,
transport and disaster-risk reduction; climate services often encompass early warning services for weather
phenomena, as well as health and agricultural services; and hydrological services cover energy and water
resource management. Such services may also be defined by the geographical area they target, such as urban
areas, high mountains, polar regions or coastal zones.
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Hydrometeorological and derived hazards
According to the Terminology on Disaster Risk Reduction (UNISDR–UNGA, 2016)1, a hazard is “a process,
phenomenon or human activity that may cause loss of life, injury or other health impacts, property damage,
social and economic disruption or environmental degradation. (…) Hazards may be natural, anthropogenic
or socionatural in origin. …hazards are socionatural in that they are associated with a combination of natural
and anthropogenic factors, including environmental degradation and climate change. (…) Hazards may
be single, sequential or combined in their origin and effects. Each hazard is characterized by its location,
intensity or magnitude, frequency and probability. (…) Multi-hazard means (1) the selection of multiple
major hazards that the country faces, and (2) the specific contexts where hazardous events may occur
simultaneously, cascadingly or cumulatively over time, and taking into account the potential interrelated
effects. (…) Hazards include biological, environmental, geological, hydrometeorological and technological
processes and phenomena”.
Examples of hydrometeorological hazards are tropical cyclones, floods, droughts, heatwaves, cold spells
and coastal storm surges. Hydrometeorological conditions may also be a factor in other, derived hazards
induced by natural phenomena, human activities and their interaction, such as landslides, wildland fires,
locust plagues, epidemics, transport and dispersal of toxic substances following accidents (nuclear particles,
other atmospheric pollutants, marine oil spills) and of volcanic eruption material/ash (especially important
for aviation).
The WMO community plays a key role in reducing the impacts of both hydrometeorological and nonhydrometeorological hazards through its collaborative processes and integrated, end-to-end, impact-based
forecasting and warning services.
1

UNISDR–UNGA, 2016: Report of the Open-ended Intergovernmental Expert Working Group on Indicators and Terminology Relating to Disaster Risk Reduction. www.unisdr.org/we/inform/publications/51748

Few Members have the operational capacity to implement such systems, owing to the high computational
cost. Many of the latest NWP advances are particularly
suitable for severe weather forecasting in tropical and
subtropical regions but are supported only by leading
NMHSs outside these regions. The Severe Weather
Forecasting Demonstration Project (SWFDP) makes
NWP products from the most advanced Members
available to all others using a “cascading forecasting
process”, whereby NMHSs receive guidance products
from Regional Specialized Meteorological Centres
(RSMCs), which, in turn, receive data and products
from World Meteorological Centres. SWFDP has integrated impact-based service delivery for disaster risk
reduction in its training curricula and is increasingly
implemented and assessed jointly with other WMO
demonstration projects for forecasting hazards such
as flash floods and coastal inundation.
The Tropical Cyclone Programme (TCP) allows tropical cyclone forecasters to access conventional and

specialized data/products.This includes NWP products,
remotely sensed observations, and forecasting tools on
tropical cyclone development, motion, intensification
and wind distribution. TCP also establishes national
and regionally coordinated systems to ensure that
related losses are reduced to a minimum. It works
on national and, regional levels through cooperative
action, covering activities of Members, WMO regional
associations and other international and regional
bodies.
WMO Emergency Response Activities use and apply
specialized atmospheric transport and dispersion
modelling techniques to track and predict the spread
of airborne hazardous substances in the event of an
environmental emergency. Through this Programme,
WMO assists NMHSs, national partner agencies and
international organizations to respond effectively to
both nuclear and non-nuclear emergencies. These
activities rely fully on the GDPFS.
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Impact-based forecast and warning services – Demand
is increasing for interpretative and interactive services
from NMHSs, thus their greater focus on impactbased forecast and warning services, an evolution
from telling “what the weather will be” to “what
the weather will do.” WMO supports its Members in
developing state-of-the-art techniques which allow
the formulation of easy-to-understand messages upon
which immediate action can be taken for the safety
of life and property and for the benefit of national
economies (WMO, 2015(c)6).

Challenges and new societal requirements
The development and delivery of services that meet
societal (national) requirements and address the global
challenge lies on three pillars.
An integrated, multi-disciplinary (both natural and
social science) Earth system approach – The goals of
the WMO Strategic Plan 2020–2030 increase emphasis
on integrating all components of the Earth system,
including the oceans, the cryosphere, land surfaces,
aerosols, and their interactions7 (European Centre for
Medium-Range Weather Forecasts (ECMWF) 2016).
6

WMO, 2015(c): WMO Guidelines on Multi-hazard Impactbased Forecast and Warning Services. WMO-No. 1150.
library.wmo.int/pmb_ged/wmo_1150_en.pdf

7

ECMWF, 2016: ECMWF Strategy 2016–2025.The Strength of a
Common Goal. https://www.ecmwf.int/en/about/what-we-do/
strategy.

Multi-hazard impact-based
forecasting and warning services
Timely, reliable early warnings have drastically
lowered the number of lives lost due to
hydrometeorological events, but socioeconomic
costs continue to rise. The continued loss of life
and increase in damages is due, in part, to a lack
of understanding of impacts and consequences of
these hazards. Many NMHSs are therefore moving
towards an impact-based multi-hazard forecast
and warning approach in which information is
imparted with sector- and location-specific impacts
that are easy to understand and act on.
Examples include forecasting the possible impact
of rainfall on drivers during rush hour or on
passengers at an airport due to strong winds. This
can be done by working with transportation sector
to develop an impact model using vulnerability
and exposure datasets, as well as meteorological
information. Assessing disaster risk and forecasting
impacts are generally beyond the remit of NMHSs
but, as risks and impacts are often a result of
hydrometeorological events, it may be argued
that NMHSs, in partnership with others, are the
best equipped to forecast them.

Integrated observations, monitoring, modelling and
respective data assimilation frameworks for representing the Earth system are paramount to achieve
a seamless analysis and prediction capability. The
detailed representation of physical and chemical
processes and the coupling of atmosphere, water
and land will be integral parts of the models across
all targeted scales and forecast ranges. Worldwide
collaboration with leading research groups, including
the social sciences, is essential.
Promoting end-to-end, people-centred impactbased multi-hazard forecasting and warning
systems – NMHSs play a key role in strengthening
and maintaining EWS. Governments and many nongovernmental organizations (NGOs) have a legal
and ethical obligation to protect their citizens and
economies by issuing early warnings. The risks from
some hazards can be reduced to a tolerable level
and their impacts prepared for. Others cannot be
eradicated, but awareness of these hazards, their

Services

Outreach – WMO Members have developed regional
alert platforms such as Meteoalarm (www.meteoalarm.
eu) and global interfaces such as the World Weather
Information Service (WWIS) and the Severe Weather
Information Centre (SWIC) to increase their outreach.
WWIS (worldweather.wmo.int) displays official weather
observations, forecasts and climatological information
for 2 800 cities (as of December 2018). SWIC (severe.
worldweather.wmo.int) is a single, centralized source
for the media and the general public to access official
warnings and information on tropical cyclones, heavy
rain/snow, thunderstorms, gales and fog. Developed
and maintained by the Hong Kong Observatory (HKO).
The SWIC website provides or links to advisories issued
by RSMCs and Tropical Cyclone Warning Centres,
according to current information and warnings.
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An Earth system approach to hydrometeorological service delivery
“In the context of weather prediction, the term “Earth system” refers to the Earth’s fluid envelope and
interactions with its boundaries. Earth system components such as the atmosphere, the oceans, sea ice
and continental land surface have a significant impact on the weather. Modelling their interactions with
each other can therefore lead to improved weather forecasts. … ocean modelling, … for example, has led
to improved predictions in the medium range, as well as at monthly and seasonal timescales. Taking an
Earth system approach means representing the interactions between as many Earth system components
as required, at the necessary level of complexity…” (ECMWF, 2016).

likelihood and the severity of their impacts can
be raised. For most threats, a mix of formal and
informal warning systems exists – each focussing
often on one hazard or a group of similar/related
hazards, but operated simultaneously at the level of
individuals, communities, businesses, governments
and international organizations. Collectively, they
provide a first defence against a variety of hazards.
Understanding the concept and components of
MHEWS is a key requirement to develop and
strengthen such systems, prioritize investment
and international cooperation and measure their

effectiveness and progress (Luther et al., 2017)8 . The
updated, intergovernmentally agreed definition of
EWS contained in the 2016 Terminology on Disaster
Risk Reduction (UNISDR–UNGA 2016) is as follows: “An
integrated system of hazard monitoring, forecasting and
prediction, disaster risk assessment, communication
and preparedness activities systems and processes
that enables individuals, communities, governments,
businesses and others to take timely action to reduce
disaster risks in advance of hazardous events”. This
definition is complemented by an annotation that states
effective, end-to-end and people-centred EWS include
four interrelated key elements (see next illustration).
8

Luther, J., A. Hainsworth, X. Tang, J. Harding, J. Torres,
M. Fanchiotti, 2017: Concerted International Efforts for
Advancing Multi-hazard Early Warning Systems. In: Sassa,
K., Mikoš, M., Yin, Y. (Eds.) (2017): Advancing Culture of
Living with Landslides. Volume 1, ISDR-ICL Sendai Partnerships 2015–2025, 129–141. www.springer.com/de/
book/9783319535005
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Communication and value-adding processes
Users

Weather
Climate
Water
Oceans

Decisions
and actions

Outcomes

Economic
value and
social
benefits

User Engagement, feedback, evaluation and improvement

•

•

•

•

Are key hazards
and related
threats identified?
Are exposure,
vulnerabilities,
capacities and
risks assessed?
Are roles and
responsibilities of
stakeholders
identified?
Is risk information
consolidated?

Detection, Monitoring,
Analysis & Forecasting of
the Hazards & Possible
Consequences
•

Are there monitoring
systems in place?

•

Are there forecasting and
warning systems in place?
Are there institutional
mechanisms in place?

•

Preparedness &
Response
Capabilities

Warning
Dissemination &
Communication
•

Are organizational and
decision-making
processes in place and
operational?

•

Are communication
systems and equipment
in place and
operational?
Are impact-based early
warnings communicated
effectively to prompt
action by target groups?

•

fjl

•

Are disaster
preparedness
measures, including
response plans,
developed and
operational?

•

Is public awareness
and education
conducted?

•

Is public awareness
and response tested
and evaluated?

The four elements
of end-to-end,
people-centred
early warning
systems

Four elements of end-to-end, people-centred EWS linked to the hydrometeorological service value chain (source:
WMO, 2018)⁹

that “need to be coordinated within and across sectors
and multiple levels for the system to work effectively
and to include a feedback mechanism for continuous
improvement. Failure in one component or a lack of
coordination across them could lead to the failure of
the whole system”. The annotation further explains
that “(m)ulti-hazard early warning systems address
several hazards and/or impacts of similar or different
type in contexts where hazardous events may occur
alone, simultaneously, cascadingly or cumulatively
over time, and taking into account the potential
interrelated effects. A multi-hazard early warning
system with the ability to warn of one or more hazards
increases the efficiency and consistency of warnings
through coordinated and compatible mechanisms and
capacities, involving multiple disciplines for updated
and accurate hazards identification and monitoring
for multiple hazards” (UNISDR–UNGA 2016).9
Establishing new policies, standards/formats,
frameworks and interfaces for sharing/accessing
data, products and services – WMO documents and
guidance material provide a good basis for the effective
9

WMO/International Network for MHEWS (IN-MHEWS),
2018: Multi-hazard Early Warning Systems: A Checklist.
Outcome of the first Multi-hazard Early Warning Conference
(MHEWC-I), Cancun, Mexico, 22–23 May 2017.

delivery of official and authoritative information by
NMHSs to the public and relevant stakeholders and
for interaction with them. In 2018, the WMO Executive
Council requested the development of guides for
general service delivery and for integrated urban
weather, environment and climate services based on
existing guidance material. It further requested that
the capacities of NMHSs be strengthened to engage
with the health community by collecting and sharing
health-related data, impact-based forecast services,
and guidance material to improve service delivery as
agreed in 2018 in a collaboration framework with the
World Health Organization. WMO needs to maintain its
primary role as policy, standard, framework developer
for key services and their delivery.
As impacts related to hydrometeorological hazards
affect an increasingly exposed and vulnerable
population and its assets across political boundaries,
there is a need for authoritative warnings and
alerts from all countries to be made more easily
accessible in a timely manner. Moreover, they need
to be understandable for decision makers at all
levels, including those from the United Nations and
humanitarian agencies and the general public, to
maximise their value and usefulness.Therefore, WMO
is strengthening the capacity to aggregate warning

Services

Disaster Risk
Knowledge
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A Global Multi-Hazard Alert System
The proposed WMO Global Multi-hazard Alert System (GMAS) is poised to be the WMO framework for
substantially increasing and enhancing the availability of, and access to, authoritative warnings and information
related to high-impact weather, water and climate events. Its vision intends GMAS to be a highly visible
and accessible resource for official warnings and a and driver and vehicle for capacity development and
sharing of good practices; efficient outreach to those at risk and to decision-makers; improved visibility and
recognition of national alerting authorities (including NMHSs) by key national, regional and global users and
stakeholders (taking into account global mobility); and harmonization and standardization of warnings and
cross-border cooperation. It would also inform investments by development partners.
GMAS would have organizational and technical elements that build on existing and future WMO mechanisms
and infrastructure, recognizing and highlighting the ownership of Members. The GMAS concept, in development
at WMO, will align with the roles and functions of the centres that make up GDPFS. It could be built on the
alert hub technology, prototyped by the U.S. National Oceanic and Atmospheric Administration (NOAA)
Big Data Project. It would leverage WIS to maintain a repository of official warnings, alerts and related
information and to distribute this information to authorized users. The use of WIS will ensure that there are
no costs for NMHSs. GMAS would further leverage existing subregional and regional warning mechanisms
and platforms, as well as the afore-mentioned demonstration projects.
WWIS and SWIC would be the core components of GMAS. They would be developed further to provide a
web-based user interface with a map display, ensuring the attribution of information to WMO and NMHSs.
This module is being developed by HKO. The Worldwide Met-Ocean Information and Warning Service
(WWMIWS) web portal hosted by Météo-France, aimed at shipping users, already provides many of the
functionalities included in the GMAS concept in a simple, low-cost but effective manner.

and impact-related information at national, regional
and global levels.

delivery that needs to be based on enablers such as
sound governance, standards, partnerships and global
and regional support frameworks.

The way forward and expected benefits

The provision of such services to an ever-growing
variety of users in the context of a fast changing
and globalized world relies on sound science and
infrastructure capacities but also on organization and
coordination, product and service design, participatory
approaches, coordination and collaboration with
research and the private sector. This is particularly
true for services to the general public – especially the
most vulnerable – and for disaster-risk reduction stakeholders. Such services need to be specifically tailored
to national policies and legislation in a systematic
fashion. New efforts therefore include approaches
such as the proposed GMAS or a WMO Coordination
Mechanism (WCM) to support humanitarian activities,
and scale up good practices of Members.

Authoritative warnings and alerts need to be made more
readily accessible and understandable to maximize
their value and usefulness to exposed and vulnerable
populations and assets. WMO is strengthening capacity
to generate and deliver high-quality services, including
warnings that contain impact-related information and
that can be aggregated on regional and global levels. A
more integrated infrastructure and multi-disciplinary –
both natural and social science – approach will enhance
capacity to improve observations, data processing,
forecasting and dissemination/communication within
MHEWS. It will benefit existing collaborative WMO
initiatives in infrastructure, policy, advocacy, outreach
and capacity development and allow for the provision
of sound data and information so that Members can
generate and deliver harmonized services.The concept
of MHEWS is a practical example of seamless service
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The first long-term goal of the WMO Strategic Plan
2020–203010 is to enhance capabilities of Members
to develop, access and use accurate, reliable and
fit-for-purpose services to best support policymaking
and actions to implement the WMO Vision 2030. The
four Strategic Objectives under this Goal all highlight
services – with particular focus on early warnings –
related to hydrometeorological phenomena and for
a wide range of applications.

10

WMO, 2018: Executive Council, Abridged Final Report
of the Seventieth Session. Geneva, 20–29 June 2018.
Part I – Abridged final report. library.wmo.int/doc_num.
php?explnum_id=4981

mainstreaming expertise in the long term within thematic standing committees, while also benefiting from
the flexibility and responsiveness of temporary study
groups to address new challenges and opportunities
as they appear. Members’ concerns will be shared
and collectively addressed in a systematic, timely,
effective and efficient manner. It will help NMHSs to
increase their sustainability and relevance.
Smart and fit-for-purpose services should be for all
people – all ages, genders, nationalities, the disabled,
minorities, etc. All sectors and application areas, all
timescales, all spatial scales and all geographical
areas, including urban, polar, mountains and coasts
will complement each other in order to augment the
quality and delivery of services.

Services

The ongoing reform of WMO constituent bodies aligns
with the WMO Strategic Plan 2020–2030 in order to
facilitate achieving its goals. The new Commission
for Weather, Climate, Water and Related Environmental Services and Applications would contribute
to the development and implementation of harmonized services and applications to enable informed
decision-making. The new structure will allow for
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The Role of Young Professionals
in Driving the Integration of Early
Warning Systems
By Lydia Cumiskey1, Nilay Dogulu2, Erika Roxana Meléndez Landaverde3, Javed Ali4, and Fabio Sai5

1

2

3

4

5

Early warning systems (EWSs) help society to prepare
for, and respond to, all types of disasters, including
those related to hydrometeorological hazards. They
save lives and minimize potential economic and
environmental damages. Several international
initiatives at the regional and global levels address early
warning systems. The Sendai Framework for Disaster
Risk Reduction 2015–20306 specifically highlights the
need to “substantially increase the availability of and
access to multi-hazard early warning systems and
disaster-risk information and assessments to the people
by 2030.” It urges efforts to make forecasting and EWSs
more efficient, integrated and sustainable7,8.The WMO
governance reform too emphasizes the importance of
delivering integrated multi-hazard and impact-based
services through EWSs that are scientific
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Centre (FHRC), Middlesex University, London, United
Kingdom
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Young Hydrologic Society and Middle East Technical
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WYN and Université Grenoble Alpes, National Centre for
Scientific Research (CNRS), Institute of Geosciences and
Environmental Research (IGE), Grenoble, France
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Parma, Italy
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Cools, J., D. Innocenti and S. O’Brien, 2016: Lessons from
flood early warning systems. Environmental Science
& Policy, 58, 117–122. DOI: 10.1016/j.envsci.2016.01.006.
sciencedirect.com/science/article/pii/S1462901116300065
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WMO, 2018: Multi-hazard Early Warning Systems: A Checklist
(Outcome of the first Multi-hazard Early Warning Conference,
Cancún, Mexico, 22–23 May 2017). library.wmo.int/doc_num.
php?explnum_id=4463

and people-centred. In this context, what is the role
of young professionals – who would be mid-career by
2030 – in the design and implementation of integrated
multi-hazard and impact-based EWS?.
Integration of a scientific and people-centred or endto-end EWS requires the following four components
(see illustration on facing page):
•

disaster-risk knowledge based on a systematic
collection of data and disaster risk assessments

•

detection, monitoring, analysis and forecasting of
the hazards and possible consequences

•

warning dissemination and communication by an
official source of authoritative, timely, accurate and
actionable warnings and associated information
on likelihood and impacts

•

preparedness at all levels to respond to the
warnings received9

Coordination and integration with multiple EWS
actors – National Hydrological and Meteorological
Services (NMHSs), civil protection agencies, ministries,
the Information and Communication Technology (ICT)
sector, non-governmental organizations (NGOs)
universities and research centres – is essential. EWS
also need to evolve from focusing on one or two
hazards to a multi-hazard approach to different – but
9

UNGA/UNISDR, 2016: Report of the open-ended intergovernmental expert working group on indicators and terminology
relating to disaster risk reduction. www.unisdr.org/we/
inform/publications/51748
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often interrelated – natural hazards. Synergies could be
gained in data, modelling, monitoring, communication
and response systems and we would over time acquire
a clearer understanding of interdependencies.This new
approach to EWSs requires professionals with various
specializations working together to deliver targeted
warnings to the public and diverse market sectors.

The integration of the EWS value chain is a complex
task. Many different fields – natural sciences, social
sciences, ICT and more – will have to learn to work
together. New ways of thinking are required on the
skills and capacity of staff, and about how to facilitate
more collaborative work among sectors at different
levels to deliver joint interdisciplinary solutions. In
addition, integration requires a long-term commitment
to building sustainable interdisciplinary relationships
– and an attitude that embraces such complexity. Weak
governance structures on national to local levels,
due for example to a lack of funding, can also often
hinder integration.
While the complexities and challenges are many,
young professionals can play a role in integrating
EWSs now and in the future. They bring energy and
enthusiasm as well as openness and flexibility to try
new things and adopt innovation, especially in communications. These characteristics can help promote
integration of the EWSs value chain and ensure an
interdisciplinary approach. This article examines why

young professionals are in a prime position to support
integration efforts and highlights the mechanisms
that would enable them to achieve greater impact.

Methodology
Young professionals are defined for this article as
having completed a first degree and under the age
of 35 or within their first seven years of professional
employment10. Young EWS professionals in an NHMS
may be hydrologists, meteorologists, climatologists
and geologists; however, integration requires the
inclusion of other fields – such as the social sciences,
communications, ICT, health – and those working in
international organizations, the private sector, research
centres, universities and NGOs as well as volunteers.
These young professionals with multidisciplinary skill
sets can make connections between the different EWS
components, multi-hazards and diverse users.
The Water Youth Network collected the information
used as the basis for this article in December 2018.
Their research included 17 interviews on the opportunities for young professionals to support integrated
approaches to EWSs, the challenges faced, the support
mechanisms required, and views on how to build a
successful young EWS professional network. The
interviewees were from Argentina (3), Bangladesh (1),
Brazil (3), Bosnia and Herzegovina (1), El Salvador (3),
Finland (1), France (1), Georgia (1), Italy (1), Tanzania
(1) and the United Kingdom (1). Fifteen work for public
agencies responsible for EWSs and two for research
institutions but positions were varied and in different
fields. Six are female and 11 male. Time constraints
limited the range of interviewees. Further interviews
are planned to inform the development of the Network
(see box on the following page).

Opportunities for young professionals to
enable integration
The interviews revealed the characteristics below that
the young professional thought would help to enable
more integrated EWSs.

10

This is in line with the European Geoscience Union’s
definition of an early career scientist.

Services

Integration challenge for EWSs
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Early Warning Systems – Young professionals’ network
The Water Youth Network connects young professionals in the water sector. Its Disaster Risk Reduction (DRR)
team initiated a network for young professionals working on EWSs from various disciplines of science, policy
and practice in the public, private and non-profit sectors. It is currently focused on water-related hazards.
Members are under the age of 35 or within their first seven years of employment.
Current objectives:
•

Understand challenges and needs: collect evidence on how young professionals identify with the challenges
in current EWSs, the role they play in bridging those gaps and the support mechanisms they require;

•

Share knowledge: share experiences and viewpoints of young professionals from different disciplines in
different countries working on EWSs, e.g. via webinars, newsletters

•

Build interdisciplinary working experiences: connect young professionals and senior professionals from
different backgrounds working on different components of EWSs.

The Network offers a forum to exchange ideas and experiences and a space to stimulate motivation and
enthusiasm as the next generation of EWS specialists11.

Openness to new technology, learning and
communication – The interviewees demonstrated
a high capacity to learn and understand new and
emerging technology and an interest in exchanging
knowledge across a wide spectrum of disciplines.
They placed importance on research and testing new
“Technologically, we are able to do it. We are able
to provide the science. We have the computational
power. We have the global forecasts at reasonable
resolutions. They are not perfect but we are able to
do them. The big problem is the translation of that
information into actual actionable decisions at local
scales. I think that gap is still massive.” – Scientist,
United Kingdom
"I think one of the challenges is to bring new
ideas to the existing system. It is not only about
how to convince people, but also how to show
the value of new opportunities, new data, new
techniques. It’s sometimes difficult to bring changes
to existing systems and I think this can be an
important role for the young professionals: to make
a connection that helps to bridge the gap between
existing systems and new opportunities that might
better fit the operational reality of the field.”
– Researcher, France

approaches before and during implementation. There
was a clear desire that users should be engaged at
all stages. They were aware of their own potential
to introduce ideas and drive innovative approaches
to connect science and technology from different
disciplines. They emphasized the importance of
continuous learning.Through training and knowledgesharing activities, they follow technical advances in
different disciplines and focus on addressing users’
needs.They also recognized that knowledge exchange
with experienced professionals aided them to merge
local knowledge creatively with new approaches, tools
and technology.11
Ability to span disciplinary boundaries –The interviewees were highly motivated to work across disciplines
and cognizant of the criticality of involving less traditional disciplines. Integration requires individuals
who can see opportunities for synergies between
departments, institutions and users. The interviewees demonstrated how they did this in practice, for
example, writing joint project proposals on EWSs
and networking with departments to solve problems.
11

http://www.wateryouthnetwork.org/special-projects/
ews-young-professionals-network/
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“In our department we are trying to hire a young
professional with a social science background
– a sociologist or someone focused on risk
communication. If we aspire to create a good
impact-based forecast and warning system that
triggers appropriate responses from citizens
during emergencies, hydrologists and forecasters
can’t be the only professionals in the team!”
– Hydrological forecaster, El Salvador

Numerous bridging efforts occur through informal
communication between young professionals building
their network. Many felt driven to identify and analyse
problems from an interdisciplinary perspective. They
perceive their role in EWSs integration as educational and awareness-building on the importance of
interdisciplinary work for positive impacts. They can
communicate the value of integrative approaches
within their workplace and wider networks.
Proactive and motivated attitude – Enabling integration requires individuals with a proactive attitude
and motivation to connect different elements of an
EWS and drive changes. Young professionals have
potential to apply their motivation and enthusiasm to
enable more integrated approaches. The interviewees
were open to sharing knowledge, actively proposing
new ideas and finding solutions to problems. They
tried to look at things with “fresh eyes” to develop
ways make their daily work smoother. The positive
results of their work on end users has stimulated
their desire to contribute more towards enabling
multi-hazard and end-to-end approaches, and to a
long-term commitment to build interdisciplinary
relationships. They are committed to good results
and want to be entrusted with greater responsibility.
However, this proactive energy may wain if there is
no evidence of them having an impact.

“What really gratifies me is when I see that our severe
weather forecasts have been correct. Knowing that
this information might have helped to reduce adverse
impacts on the ground is a great achievement.”
– Meteorological forecaster, Italy
“What I love about my job is that I’m working for
someone else’s relief, I have a pure passion for the risk
field and extreme weather. I feel I’m doing something
good towards impact reduction, both economic and
loss of life, by helping people to be more prepared”.
– Expert adviser, meteorologist and researcher,
Finland

Enabling mechanisms to support young
professionals
The turn-around from research to application needs
to be accelerated. To enable this, topics, such as the
holistic approach for disaster risk management and
EWS, would have to be introduced into university
curricula at an early stage to start merging the multidisciplinary needs that future experts will require.
Strengthening links between research and practice –
Government agencies could help tackle this by sharing
their knowledge and tools – through open days and
guest lecturing, student mentoring – with universities
to spark interest amongst students. Opportunities
could be created for postgraduate researchers to work
directly in NMHSs or disaster-management agencies.
Young EWS professionals should be encouraged to
continue their education, to take on postgraduate
degrees in local universities and to seek out exchange
programmes and secondments to gain expertise.

“I have served as thesis mentor for bachelor students
of civil engineering. I find that the curriculum is
almost entirely focused on construction and structural design, with one or two classes in hydrology
and hydraulics, but almost nothing on disaster risk
reduction or hazard-related events. Even when I was
a student, I faced the same challenges and actually
had to study abroad to specialize in something
more than the usual hard line of civil engineering.”
– EWS specialist, El Salvador

Services

“When I started this job, my boss sent me to the
hydrological forecasting department for a couple of
months.This was funny, because I am a sociologist!
Now I understand that, in order to see the whole
picture and create relevant people-centred EWSs, we
need to work with all types of backgrounds! From
my experience, once you adopt an interdisciplinary
approach, you can’t go back! This is the future.”
– Sociologist, Argentina
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EXAMPLES OF ENABLING MECHANISMS
Institutional changes
In Argentina, the National Meteorological Service created a Meteorology and Society Department, which
focuses specifically on the link between forecasts and users. The Department hires young professionals with
a background in the social sciences to work on warnings, communication and risk perception.
In Brazil, the Centre for Disaster Monitoring and Warning of Natural Disasters was created in 2011. A large number
of young people were hired – hydrologists, meteorologists, geologists and researchers with multidisciplinary
backgrounds, including the social sciences, to work on the interface between research and its application to
generate impact-based warnings.

Project involvement
The Regional Integrated Multi-hazard Early Warning System for Africa and Asia places young professionals in
the Flood Forecasting and Warning Centre and the Bangladesh Meteorological Department to support project
implementation – and to avoid bureaucracy. These young professionals propose interdisciplinary solutions for
project implementation, develop new projects and network among multiple national and international actors.
In Georgia, a large EWS project was launched in
2018 entitled “Scaling up the multi-hazard early
warning system and the use of climate information
in Georgia”, funded by the Green Climate Fund and
implemented by the United Nations Development
Programme in partnership with the Georgian Ministry of Environment Protection and Agriculture and
the Swiss Development Cooperation. It provides
important opportunities to build the capacity of the
Hydrometeorological Department in the National
Environmental Agency and to involve many young
people from different backgrounds through innovative means.

Develop inter-disciplinary skills and job opportunities
– Young EWSs professionals face many challenges
finding jobs – and when they do find them, new recruits
have a generation gap with senior staff and difficulty
building interdisciplinary skills. Like many highly
qualified young professionals in developing countries,
young EWS professionals are often obliged to work in
areas outside their expertise or to go abroad. However,
“We are expected to create a new impact-based
EWS this year. We need to hire professionals
with different backgrounds to achieve this, but
the reality is that hiring new people or creating
jobs is complicated and sometimes unrealistic
with the money that we have available.”
– Hydrological forecaster, El Salvador

this may help them acquire more interdisciplinary
skills and experience.
Young EWS professionals need opportunities to step
outside their comfort zone to learn wider skills and
support interdisciplinary integration.This can be done by
supporting knowledge-sharing, training and networking
workshops that mix teams, departments or institutions.
Access to international good practices can help experts
in different disciplines to learn how to work with one
and other. Short exchanges within other institutions,
agencies or teams can also yield benefits. Institutional
change would be required to integrate ways of working,
departments and to redefine positions.
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New, less bureaucratic mechanisms should be
identified for recruiting young interdisciplinary EWS
professionals, for example, hiring young professionals
as consultants on projects, promoting entrepreneurship
or soliciting the private and non-profit sectors. Large
internationally funded EWS projects currently offer
good opportunities for young professionals and build
their interdisciplinary experience.

More responsibility/leadership – Motivated young
professionals with the right mind set, interdisciplinary
skills and networks have potential to lead the
development of integrated EWSs. Senior professionals
should value their inputs, hone their leadership
working skills, coach and mentor them.

WMO - RIMES Bangladesh

Create networks at global, national and local levels
– It is essential to build strong relationships between
individuals in different disciplines and sectors to
enable integration. Young professionals should have
opportunities to networks, partner and interact with
other young and senior professionals locally, regionally
and globally as well as in the public, private and
non-profit sectors. This can lead to joint projects and
the development of innovative tools and approaches.

Next steps
WMO is mandate to preserve life and property by
providing early warning systems for natural hazards. To improve such systems, it will implement
an integrated Earth System approach and develop
impact-based multi-hazard warning. It also has to
address the technology and know-how gaps between
its Members and find solutions for the many NHMSs
with limited budgets and human resources – and a
majority of staff nearing retirement who will leave
a knowledge-gap behind them. Yes, the gap is not
only spatial, between Members, but also temporal,
between generations. Facilitating the inclusion and
mentoring of talented multi-disciplinary young professionals – with the energy, know-how and skills to
make connections between research and practice – is
part of that solution.

Services

“There is a big gap between young professionals
and principal staff in the Tanzanian Ministry of
Water and Irrigation. However, not all young
professionals in the field of hydrology come
with a hydrology background; some are from
geography, water engineering, environment
and civil engineering to mention a few. This
means that capacity-building through on-the-job
coaching and other formal training is paramount.”
– Hydrologist, United Republic of Tanzania
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The needs of young professionals today, and in
the future, should be on the WMO agenda. WMO
can play a role by offering more internships and
network opportunities for young professionals at
international events; accepting more secondments,
Junior Professional Officers, short-term contracts
and consultancies; and facilitating the development
of young professional networks. WMO could also
promote interdisciplinary research that can be applied
in practice.

“Networks and communities are of high importance
for young professionals to learn and understand
the different approaches to tackle the common
environmental and social problems we are all
currently facing! Every 15 days I tell one of my
co-workers, ‘we should create a national network’,
just so we can meet different professionals
working on EWSs with a DRR mentality. I also
believe international organizations, such as WMO,
should support young professional networks
and open up spaces for these types of vital
interdisciplinary interactions within their agendas.”
– Sociologist, Argentina

Other institutions also have a role to play. NHMSs
should explore opportunities to work more closely with
universities to assure that research moves to practice.
International organizations, donors, private-sector
organizations and NGOs can help identify loopholes
and creative ways to hire young professionals. Those
in responsible positions should take the time listen
to their ideas and weigh their proposals, then entrust
them with responsibility when possible.
Young professionals can contribute to the integration
of EWSs in line with the WMO Earth system approach.
They have the skills, energy and motivation to achieve
more integrated approaches to EWSs. Today’s young
professionals have grown up in a tech-savvy world
with its many start-ups and breakthroughs, they have
incredible adaptive capacity and openness to ideas.
They can invest the long-term commitment needed to
build relationships, have the persistence to overcome
barriers and will seize new ideas. Their proactive and
motivated attitude can drive change and they can be
strong advocates for interdisciplinary approaches.

Responsible position holders should trust and believe
in young professionals, listen to their ideas to work
towards more integrated approaches to EWS, and
help them to implement them.

Appeal from the authors
The young EWS professional network is still under
development, but hopes that this article has successfully highlighted the influence young professionals
could have in building interdisciplinary networks to collaborate, exchange knowledge and share opportunities
at the local, regional and global levels. As those young
professionals gain experience and responsibility, they
will come into leadership roles. We urge readers to
help us to expand our network by informings and
encouraging young professionals to join us.
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Global Water Issues and Hydrological
Responses
By Johannes Cullman, Climate and Water Department, WMO

WMO is uniquely positioned and recognized at the
United Nations technical agency for weather, climate
and operational hydrology. The expertise within the
WMO Commission of Hydrology (CHy) supports
Members in their developments of solutions for disaster
risk reduction, agriculture, ecosystems managements
and restoration, navigation, hydropower and
transboundary water management. The Commission
also promotes operational research aiming for a better
understanding of hydrological systems.

Fragmented services
Service provision in the water sector is extremely
fragmented. This is true at the national level for
administration, science, research and operations
responsibilities. But it is also reflected in the multifaceted community of regional, international and
intergovernmental water-related entities – including
nongovernmental organizations (NGOs), research
associations, programmes and United Nations

organizations.
These providers support water use and users with
specific requirements, including:
•

Real-time management of flood and drought events
and integrated flood management, including
inundation mapping

•

Integrated water management in national and
transboundary catchments

•

Civil engineering for design of infrastructure

•

Agriculture, drainage and irrigation schemes and
management

•

Ecosystem management, such as wetlands

•

Design and management of hydropower systems

•

Design and management of fluvial transport

•

Climate studies, trend analysis, decision support
systems.

WMO hydrological priorities
At WMO, the main focus is on responding to global
challenges. These are framed, amongst others, in the
UN Sustainable Development Goals, in particular
SDG-6 on water, the Sendai Framework for Disaster Risk
Reduction, the Paris Agreement of the UN Framework
Convention on Climate Change and theConvention on
the Protection and use OfTransboundary Watercourses
and International Lake. In line with these, the WMO
Executive Council (EC) Task Force on Water has
identified several priorities in the water area.

Services

Water is a prerequisite of life, a support to sustainable
development and one of the greatest global risks.
Flood and drought are common water-related risks.
Nonetheless, they deserve special attention as
water scarcity and mismanagement, especially in
transboundary catchments, heighten the potential
for conflict. Water issues can intensify societal and
environmental, as well as economic and financial,
stressors. Yet, the complex natural hydrological
cycle is still only partially understood. A plethora of
diverse public and private users could benefit from
hydrological services, however, the hydrological,
meteorological and climatological communities only
support a relatively small number of users. The WMO
Constituent Body reform offers the best opportunity
to expand these services and better respond to global
risks.
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These include the timely communication of regional
and national flood forecasts and warnings through
national authorities to all people at risk, which requires
establishing and updating inundation maps with safety
measures and remaining risks identified. Members also
need to be equipped for drought by implementing and
updating drought risk management with necessary
data and information with support from regional
centres. WMO must also prioritizes hydro-climate and
meteorological data in support of the food security
agenda by sustainably matching future water demand
for human consumption and irrigation with water
availability and potential storage and by providing
advice for optimizing rain-fed agriculture.
The EC Task Force, noting the role of WMO as the
international authority with expertise on the generation
of high-quality hydrological data and corresponding
information products and services, emphasized the
need for WMO to keep ensuring such services and
support to its Members. WMO is also to prioritize
maintenance and improvement of monitoring systems
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for all elements associated with operational hydrology1
around the globe. This is essential to produce information that optimizes the efficiency of existing and
future services, policies and political decision-making
at the local, regional and global level.
The EC Task Force also underlined that WMO needed
to prioritize sustainable development through the
generation of hydrological information in support
all water-dependent sectors for optimal operational
resource management. In addition, the Task Force
pointed to the role of WMO in resolving concerns about
water quality degradation and need to permanently
monitor surface and ground water to ensure its quality
and the application of corrective actions.

Core principles and conditions
The EC Task Force went on to identify a core set of
principles that would enable the Organization to
achieve its hydrology priorities. Primary among these,
1

WMO facilitates international cooperation in "operational
hydrology", pertaining in varying degrees to the following
elements: precipitation, snow cover, evaporation (from
lakes, river basins and reservoirs), water level, temperature
and ice regime of rivers, lakes and reservoirs water and
sediment discharge of rivers, soil moisture and depth of soil
frost, quality of water, groundwater. Annex to Resolution
13 (Congress VI)

WMO BULLETIN

The following conditions will have to be met to achieve
the EC Task Force priorities:
•

•

Establish the capabilities of national and
regional entities – A comprehensive monitoring
of capabilities needs to be agreed and put into
routine operation.
Clear value chains from hydrological data
to products/services – Product and service
requirements must be defined at local, national and
regional levels with good examples championed

WMO

by WMO.
•

Address capacity needs – Assess and address
Members’ capacity gaps in with regard to goals
and principles above and develop capacity building
activities to fulfil these.

•

Encourage and support cooperation – Cooperation
must be based on common understanding and
focused to optimize the benefit of the entire system
for the benefit of all key stakeholders.

•

Policies recognizing the connection between
economic development and hydrological
infrastructure – Actions by national policymakers
to endorse and support the importance of
hydrological data and information as essential
factors contributing to economic prosperity and
societal well-being.

•

Promotion of an open data policy among
Members – WMO must continue to facilitate the
sharing of water data by users to foster increased
monitoring, analysis and reporting on real usage
of the resource.

The WMO Commission for Hydrology has taken a
leading role in organizing efforts to advance the
complete hydrological value chain. It has taken a
leading role in operational hydrology throughout
the global community, including UN agencies, nongovernmental organizations, the private sector and

WMO

Services

a WMO foundation principle, is free and open access
to public and private high-quality hydrological data
and information for all. In addition, related disciplines,
data, models and risk management systems across
all scales need to be inter-operable and connected to
improve analysis and optimization capabilities.The full
potential of the digital revolution must also be used to
improve science, operation and communication. Innovation and technology should be applied to improve
established systems for knowledge preparation and
delivery and to develop new sources of information.
Sustainable high priority public interest hydrological
services urgently need development. This would
require defining roles and responsibilities, information
sharing and implementing sustainable financing.
New hydrological data-to-services value chain teams
are necessary to ensure that information of benefit
to public and private stakeholders is assessed and
included.
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governmental organizations.The recent transfer of the
leadership of the World Water Data Initiative (WWDI) by
the UN High Level Panel on Water to WMO has enabled
Members to continue their participation on projects
and to contribute their expertise to the identification
of future issues and opportunities. However, it is the
integrated approach promised by the WMO Constituent
Body Reform that the impetus needed to respond to
global challenges in hydrology.

and realization of socioeconomic benefits by all user
communities and society as a whole.

WMO reform and hydrology

•

Regulation and normalization, with a unified
approach between Weather, Climate and Water

From the above, it can be discerned that there are
two main in areas in which WMO benefits hydrology:

•

Development of WMO certification services

1.

•

Development of multi-Hazard early warning
systems

•

Linking global, regional and national climate and
hydrological services

•

Providing information on the current and future
status of the earth system through consideration
and analysis of the whole hydrological cycle

•

Improving synergies in applied research activities

•

Coordinating capacity building and training
activities.

2.

Tangible and high quality deliverables as well as
quality assurance for third party activities, using
the unique expertise within WMO and the UN in
conjunction with well-recognized regulations.
Concrete collaboration and coordination, leading
to higher effectiveness and sustainability of efforts
and outcomes.

The development and implementation of globally
coordinated systems for acquiring, processing, transmitting and disseminating Earth system observations
and related standards is a major contribution of WMO
to operational hydrology. Further, its development
and implementation of globally coordinated weather,
climate, water, ocean and environment-related services
and applications has enabled informed decision-making

WMO

Stronger WMO internal coordination and gains in
efficiency enabled by the Reform of its Constituent
bodies will facilitate connections with the numerous
and diverse users of hydrological services.
Closer cross-cutting collaboration in all WMO areas of
activity will specifically focus on the following issues:

The majority of regulatory hydrological activities
can be allocated to one of the two new technical
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commissions of the Constituent Body Reform. For
instance, hydrological observations, infrastructure and
information systems, such as the HydroHub and its
components, would form a natural partnership with
the Commission for Observation, Infrastructure and
Information Services (Infrastructure Commission).
Hydrological service-related activities, such as the
WMO Flood Forecasting Programme and its components, would fit within in the Commission for Services
and Applications (Services Commission).

The WMO Constituent Body Reform will strengthen the
end-to end approach WMO promotes in all its activities
across hydrology, climatology and meteorology
and within its Members. Other UN Organizations,
international agencies, private sector entities and NGOs
who work to link sustainable development with water
management will also see the benefits of integration.

Conclusions on reform and hydrology
The WMO reform process offers an opportunity to
enhance the support provided by WMO to hydrologists
and to users worldwide. It will increase the visibility,
involvement and participation of the hydrological
community in WMO activities and structures. This will
augment the importance of WMO, and its contributions,
in the global water agenda. The reform will open
possibilities for the hydrological community to more
fully respond to the demand for services and expertise
from NGOs, scientific organisations, the private sector
and other governmental stakeholders in hydrology,
particularly national disaster risk reduction agencies.

Having common procedures and mechanisms will
make WMO more effective and enable the delivery of
high value products. Yet, such product are only half
of the positive impacts from the WMO Reform. By
integrating activities across the meteorological value
chain, the Reform will guarantee the integrity of the
existing hydrological approach to water issues and
the diverse needs of the hydrological community will
be represented throughout the new structure. Many
hydrological aspects – such as transboundary water
assessment and management – are highly politicized
and the WMO mandate as the international authority
is the basis for relevant national representation on
such issues.
The goal of WMO is to enable stakeholders to make
informed decisions on water management, infrastructure and emergency situations. This means that
users of hydrological services must benefit from an
appropriate structure to submit their requirements, take
part in decisions and receive the support they need.
The WMO hydrological community should take the
opportunities offered by the Reform to review current
mechanisms and functioning. The Reform addresses
national, regional and global water challenges by
leveraging hydrological expertise and opening up new
partnership possibilities while creating new political,
technological and educational solutions for Members.

Services

Further consideration is still needed on how to provide
the required representation and thematic coordination
for end-to-end, cross-cutting hydrological activities,
such as HydroSOS and QMF-Hydrology capacity
development activities. These have observational,
infrastructure and service components. In addition,
several activities are purely hydrological in nature
– such as the Project for the Assessment of the
Performance of Flow Measurement Instruments and
Techniques, the development of a Manual on Sediment
Transport and the Guidelines on Environmental Flows.
These activities all require a coordination function that
can form part of the current preparations for Congress.
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The Future of Climate Services
By Erica Allis1, Chris D. Hewitt2, Ousmane Ndiaye3, Angela Michiko Hama4, Andreas M. Fischer4, Ana
Bucher5, Akihiko Shimpo6, Roger Pulwarty7, Simon Mason8, Manola Brunet9, and Barbara Tapia10

The Earth’s climate has never been constant; a wide
range of variations and changes in space and time,
often leading to extremes, is its fundamental characteristic. However, there is conclusive evidence
of anthropogenic warming over the past century
occurring at an unprecedented pace. Its implication
– in the increased frequency and intensity of extreme
events– has elevated concerns about the exposure of
vulnerable communities to climate risk. The resilience
of society to increased climate risk depends on our
ability to improve both the social and physical science
underpinning systems that monitor, assess and issue
impact-oriented weather and climate services and the
uptake of knowledge into decision-making processes.
The use of climate information and knowledge is
currently sub-optimal, hence the most vulnerable in
our society are not benefiting from recent scientific
and technological advancements. The IPCC Special
Report Global Warming of 1.5° has renewed the urgency
to step up efforts on weather and climate services,
necessitating a long-term vision and enhanced
partnerships to meet shared global goals. Timely,
actionable, tailored weather and climate services are
fundamental to progress on key global policy agendas.
The Global Framework for Climate Services (GFCS),
the WMO technical commissions and co-sponsored
programmes, consolidated and empowered through
the WMO Governance Reform, offer unprecedented
promise in scaling up and mainstreaming climate
services. In this article, we provide an overview of the
programmes that have underpinned climate services,
the changing policy landscape, highlight challenges
and present some key strategies and opportunities
for transforming climate services.

Building on strong foundations
A number of programmes and initiatives have been
instrumental in laying the foundation for climate
services. The First World Climate Conference (WCC-1)

in 1979, sponsored by WMO, led to the establishment
of the World Climate Programme and World Climate
Research Programme (WCRP) in 1980 and the creation
of the Intergovernmental Panel on Climate Change
(IPCC) in 1988. The main objectives of WCRP have
been to determine the predictability of climate and
the effect of human activities on climate, while the
IPCC serves to provide governments at all levels with
scientific information they can use to inform mitigation and adaptation policies, as well as international
climate-change negotiations.1 2 3 4 5 6 7 8 9 10
The Second World Climate Conference (WCC-2) led to
the establishment of the United Nations Framework
Convention on Climate Change (UNFCCC) and Global
Climate Observing System (GCOS). UNFCCC facilitates
the intergovernmental climate change negotiations
and GCOS regularly assesses the status of global
climate observations of the atmosphere, land and
ocean and produces guidance for its improvement.
GCOS expert panels maintain definitions of Essential
Climate Variables (ECVs) which are required to systematically observe Earth`s changing climate. The World
Climate Conference Three (WCC-3) in 2009 led to the
establishment of the Global Framework for Climate
Services (GFCS) to “enable better management of the
risks of climate variability and change, and adaptation
to climate change, through the development and
1

Global Framework for Climate Services, WMO

2

The Met Office, United Kingdom

3

National Civil Aviation and Meteorology Service, Senegal

4

Federal Office of Meteorology and Climatology (MeteoSwiss),
Switzerland

5

World Bank Group, Washington, DC, USA

6

Japan Meteorological Agency (JMA)

7

National Oceanic and Atmospheric Administration, Boulder,
CO, USA

8

International Research Institute for Climate and Society
(IRI), Earth Institute, Columbia University, Palisades, NY,
USA

9

Rovira i Virgili University, Tarragona, Spain

10

Chilean Meteorological Service, Santiago, Chile
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National climate commitments and climate services – the Mongolian
perspective

Services

Strengthening early warning systems and climate-risk information is a development priority for the Government
of Mongolia as highlighted in its Nationally Determined Contributions (NDCs). With support from the NDC
Support Facility and the Global Facility for Disaster Reduction and Recovery, the World Bank is partnering
with the National Agency for Meteorology and Hydrology under the Ministry of Environment and Tourism to
strengthen Mongolia’s hydrometeorological monitoring, forecasting and early warning systems. The aims are
to develop a roadmap for hydrometeorological modernization and climate services as a basis for addressing
some of the country’s key disaster and climate hazards such as dzuds (severe winter weather that leads to a
massive livestock mortality event), droughts and floods to ensure climate-resilient development in Mongolia.

incorporation of science-based climate information
and prediction into planning, policy and practice on the
global, regional and national scales”. GFCS is proving
pivotal in transitioning WMO and its Members from
climate products to services. It focused on improved
coordination in climate service co-development to
better meet users needs and enhance access to those
most vulnerable11.
GFCS built on the WMO Climate Information and
Prediction Services (CLIPS) project launched in
1995 to transition Members towards developing
operational climate information.12 CLIPS increased
climate knowledge, improved operational climateprediction capabilities, and developed the capacities
of National Meteorological and Hydrological Services
(NMHSs) to deliver climate information to meet the
11

WMO, 2011: Climate Knowledge for Action, WMO No. 1065.

12

Srinivasan et al., 2015: Climate Services – Transitioning
from CLIPS to GFCS. WMO Bulletin, 64(1).

needs of stakeholders. CLIPS was instrumental in
the development of the concept of Regional Climate
Centres (RCCs) and Regional Climate Outlook Forums
(RCOFs).

The policy landscape
Significant changes have occurred in the climate and
policy landscape in the last decade. In 2015, three international agreements raised the importance of climate
issues in the global agenda: the Sendai Framework
for Disaster Risk Reduction, the Paris Agreement, and
the 2030 Sustainable Development Goals.
More than 40 developing countries have identified
weather and climate services13 as key actions for
their development planning and as a pillar of their
ability to commit to the Paris Agreement under their
Nationally Determined Contributions (NDCs) for both
13

NDC Platform: ndc.worldbank.org
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adaptation and mitigation.This adoption is reflected in
low carbon growth planning, global climate adaptation,
and climate resilience and disaster risk reduction
portfolios around the world. In turn, an increasing
number of actors are engaging in the different areas
of the sustainable development discussion. Such
growth requires a parallel increase in sector-tailored
and end-user-focused climate services, as well as
coordination to avoid fragmentary and piecemeal
implementation.

Challenges for climate services
Demand is growing for better sub-seasonal, seasonal
and longer-time scale predictions and longer-term
climate projections, from global to local space scales.
The traditional orientation of NMHS operations and
their portfolio must therefore rise to the occasion to
meet this demand. Many NMHSs continue to focus
on weather-oriented activities and have not fully
embraced the user-demand driven ethos required for
various climate-sensitive sectors.
In many regions and countries, there is limited or no
capability/capacity to expand existing operations into
climate services. Long-term, high-quality historical
climate time series, as well as the impact data required
to develop and translate into services on demand, is
often lacking. In many countries, issues around the
governance of climate data is a key limiting factor
for initiating climate services. NMHSs in developing
countries have limited access to global and regional
data/product inputs essential for generating climate
products on national and sub-national scales. Furthermore, NMHSs often compete for funding within
their national state budget and are poorly resourced,
making the transition to a service-oriented culture
difficult. Lack of resources and seemingly unending
demand challenge the development and delivery of
sustainable climate services that can help people and
organizations make effective decisions. While these
aspects may seem daunting, we propose strategies
herein to overcome some of these challenges, and go
on to highlight opportunities to improve outcomes.
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Strategies for transforming climate services
Several recent sources of information (the mid-term
review of the GFCS14, the Global RCOF Review15 and the
WMO Science Summit16) have inspired the following
suggestions as key strategies for transforming climate
services.
Advance science for impact-based seamless services
– The decision context and information needs of users
in climate-sensitive sectors lie at the heart of effective
climate services. Information needs to be tailored to
reach the right person in the right form at the right
time. This tailoring requires multi-disciplinary science
that duly considers the complexity of the systems
within which climate information is produced and
delivered; the contexts within which users work and
use it; and the many factors driving users’ decisionmaking. Inclusion of social sciences and economic
expertise is essential to improve understanding of
needs, effectively engage stakeholders and to broker
knowledge among different entities in the climate
services value chain.
Enhancements are needed in core technical and scientific
capabilities, from observations and monitoring,
database management, research, modelling and
prediction to operationalizing seamless models
and improving infrastructure. These enhancements
include meeting current gaps in climate services,
such as annual to decadal forecasts. Furthermore,
seamless climate information needs to be layered with
socioeconomic data to provide the context required
to support decision-making for development and
sustainable livelihoods. Principles are still lacking
for how we compile, share and merge climate and
socioeconomic impact data when designing climate
services.
For example, as the planting season approaches in
14

Gerlak, Guido, Knudson, 2017: Mid-term Review of the
Global Framework for Climate Services

15

WMO, 2017: International Workshop on the Global Review
of Regional Climate Outlook Forums

16

Hov, Ø. et al., 2017: Nature 552, 168–170
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A Regional Approach to Implementing the Climate Services Information System (CSIS-R)

Regionally optimized multi-model
ensembles & verification

Data rescue, continuously updated
observations, data management,
quality control & monitoring

Empirical calibration &
end-use specific predictands

Demand identification
& sectoral data

HISTORICAL

Tailored Products e.g. return periods, cumulative values of key variables/
indexes, probabilities of exceeding key thresholds, reservoir inflow
forecasts, normalized difference vegetation index, soil moisture
MONITORING

CLIMATE WATCH

Senegal, farmers need climate information about
the coming month and season to guide decisions
about loans, labour needs, the amount of fertilizer
to purchase and what crops to plant. At the end of
the growing season, they need to know the market
demand for their crop – historical yields and other
socioeconomic parameters – as well as information
about the upcoming season to inform decisions about
how much of their current harvest to set aside for seed
and household consumption. The farmers also need
to understand how reliable the information is and
how to deal with uncertainty in the decision-making
process before using it. Multidisciplinary knowledge
and expertise are therefore required to ensure efficacy
in the co-designing of climate services for farmers.
Enhance information management and coordination
across all scales – At present, regional and national
entities have access to global products but are on
their own when it comes to identifying the most
robust signals and assessing information reliability
and the likely future states of the climate. The Climate
Services Information System (CSIS), the “operational
core" of the GFCS, offers a systematic approach

PREDICTIONS
(SUB-)SEASONAL/DECADAL

REGIONAL LEVEL
Regional Climate
Centres (RCCs)

NATIONAL LEVEL
National
Meteorological and
Hydrological Services
(NMHSs) and other
stakeholders
National Climate
Forums

PROJECTIONS

for coordinating the development, archiving and
facilitation of climate information by decision-makers.
The CSIS facilitates the generation and exchange of
information at global, regional and national scales,
with roles for public, private, non-governmental
organizations (NGOs) and academic institutions.
The CSIS is the principal mechanism through which
information about climate across timescales – past,
present and future – is archived, analysed, modelled,
exchanged and processed for use. Most critically,
CSIS provides guidance on information quality and
standards of climate services practice.
Effective access through CSIS, together with expert
guidance and training in using products, will help
regional and national users quickly identify where
the global and regional models are providing the
most useful information for their areas of interest.
CSIS will also facilitate climate inputs into user-level
decision support systems when they develop their
own applications.

Services

Regional data coherence
& monitoring

GLOBAL LEVEL
Global Producing
Centres (GPCs)

Regional Climate Forums

Global forecast models

Feedback

Additional observations, reanalysis
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CSIS has focused on the following:
•

Defining the core functions, products and criteria,
and establishing the standards and protocols
associated with them;

•

Developing and deploying a Climate Services
Toolkit to facilitate CSIS operations, particularly at
regional and national scales.The toolkit comprises
knowledge products, software tools, public domain
datasets and training materials to enable the latest
scientific and technological advances to be applied;

•

Facilitating the seamless and effective use of
products by regional and national providers such
as RCCs and NMHSs (see graphic facing page); and

•

Expanding and sustaining RCOF and National
Climate Outlook Forum (NCOF) or National Climate
Forum (NCF) operations. This activity enhances
national mechanisms of engagement across the
GFCS priorities, while extending and strengthening
the benefits and concepts of RCOFs to the national
scale.

The regional approach to CSIS is critical as it will help
ensure consistency in input for countries sharing the
same climate services. Essential to the implementation
of CSIS are fully functioning RCCs that establish
effective means of disseminating information and
fostering dialogue between providers, partners and
information users at regional and national scales.
RCCs leverage data, information, products and
engagement across countries within their particular
regional domains of responsibility. RCCs, such as the
Caribbean Institute for Meteorology and Hydrology,
IGAD Climate Prediction and Applications Centre
(ICPAC), the International Research Centre on El
Niño (CIIFEN), etc., have provided early successes and
standards of practices for climate services engagement,
development and delivery.
Promote uptake of climate services in planning and
policy processes – Integration of climate-change
adaptation into national development planning
requires systematically accounting for the related
risks and opportunities in decision-making at every
level from dialogue to policy planning, governance,
investment design, implementation and evaluation.

Stakeholders and decision-makers need to be equipped
with easily available, relevant, accurate and timely
climate information that can guide strategic action
and provide measurement of evaluation and success.
Formalizing mechanisms to connect climate services
to decisions enhances uptake of science into resilience
planning processes. For example, the Netherlands,
Switzerland and the United Kingdom recently launched
updated climate change scenarios (KNMI’14, CH2018,
UKCP18, respectively) to underpin government strategy
and national adaptation plans. To support the science
and policy links, the RCOF product portfolio has been
updated with a climate-change component, which
will monitor observed trends, review attribution of
extreme events to climate change, improve impact
predictions, and help ensure that a common national
approach is followed in understanding and applying
climate information.
At the national level, National Frameworks for Climate
Services (NFCSs) can serve as the mechanism to
coordinate, facilitate and strengthen collaboration
among national institutions and other key stakeholders.
NFCSs governance that incorporates representatives
of key climate-sensitive sectors to oversee data
governance, service development and uptake will
further enhance mainstreaming of climate services in
planning and policy processes. Monitoring the use of
and satisfaction with services, will support iterative
feedback required to refine services so that they are
more useful and more effectively used.
Enhance capacity along the climate services supply
chain – A recent survey of human resources in
NMHSs identified a serious capacity gap in most,
spanning virtually all professional areas17. Most listed
climate services, agrometeorology and hydrology/
hydrometeorology in their top five priorities for
training18. The WMO Reform aims to close this capacity
gap by improving training coordination between
WMO Members, as well as development partners,
and through its centres of excellence. Furthermore,
WMO is enhancing the effectiveness of ongoing
17

WMO, 2017: Status of Human Resources in National Meteorological and Hydrological Services

18

WMO, 2017: Status of Human Resources in National Meteorological and Hydrological Services
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Climate scenarios as a core climate product – the case of Switzerland

The recent cycle of national climate-change
scenarios was published in November 2018 (CH2018 scenarios). The new scenarios build on improved
scientific understanding and findings since 2011, incorporate results from the latest regional climate-model
projections over Europe from the Euro-CORDEX initiative, and take advantage of seven additional years of
observations since 2011 to place the projections in an updated climatological context.
To ensure that the scenarios were developed and communicated in a user-oriented way, a comprehensive
user survey across various sectors was conducted at the start of the project. As a second measure, a sounding
board with key stakeholders was established that advised the project leader throughout the project duration.
In response to the recommendations of users, the results of the new scenarios were structured in six serviceoriented products for different user types:
•

Researchers – a written technical report with results and methods in full detail.

•

Practitioners and decision-makers – a brochure and the new quadrilingual website (www.nccs.ch). Both
products communicate the results in simplified language and graphics. For the brochure, the results
follow a narrative way, using four fictitious personae.

•

Users requiring a more comprehensive picture – a web atlas of 20 000 standardized graphics.

•

Researchers and science-oriented practitioners – scenario data are freely available and channelled to
serve their needs.

•

The general public – an animated set of videos and expert statements highlight the main results.

The new climate change scenarios are considered an indispensable service and are the main starting point
for triggering the climate services value chain; they thus form the basis for planning measures in the field of
climate adaptation and mitigation. For instance, the CH2018 scenarios serve as the reference projections
for the Swiss pilot programme on climate-change adaptation, as well as for downstream priority themes of
the NCCS, such as hydrological scenarios and spread of pests, and work on climate-change impacts within
and across sectors. Finally, the results of CH2018 will feed into the second Swiss action plan on climatechange adaptation.

Services

In Switzerland, the need to provide up-todate, actionable, climate-change scenarios
on the local to regional scale was recognized
by the Swiss Federal Council in 2014 through
the official adoption of the Action Plan of
its Climate Change Adaptation Strategy.
The mandate was assigned to MeteoSwiss,
the Federal Office of Meteorology and
Climatology, which coordinates and conducts
these activities in close collaboration with
research institutions and centralizes climate
services under the umbrella of the Swiss
National Centre for Climate Services (NCCS).
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Innovation through collaboration – the example of Japan

The Japan Meteorological Agency (JMA) has enhanced collaboration with the Japanese research community.
One example is the JMA Advisory Panel on Extreme Climate Events, which was established in 2007 and
consists of prominent climate scientists from universities and research institutes in Japan. Its mission is (a)
to investigate factors that affect extreme climate events in Japan; (b) to advise and assist JMA on issuing
statements on such events1; and (c) to recommend state-of-science methods to enhance services and
knowledge.
This collaboration has improved JMA’s operational climate information and services –including those
provided to NMHSs in WMO Regional Association II (Asia) by the Tokyo Climate Centre (a WMO RA II
RCC2). It has also enhanced the capacity of JMA staff members. An expected merit is that the profound
knowledge of researchers will contribute to society through climate information. In addition, researchers
can look at climate data and products in a timely manner via the website, so that they can review ongoing
phenomena and identify emerging research topics. It should be emphasized that collaboration between
research and operational services should be designed as a win-win arrangement to enhance the sustainability
of engagement.
1

ds.data.jma.go.jp/tcc/tcc/news/press_20180822.pdf

2

ds.data.jma.go.jp/tcc/tcc

training activities, such as those linked to RCOFs, to
address specific competences across regions. Equally
important is for Members and RCCs to develop and
sustain linkages between research communities and
operational services to expedite the application of
research advances in operational weather and climate
services. These linkages will enhance the offerings of
operational services.
While training the providers is important, training the
recipients of climate services is equally important to

ensure capacity to translate and incorporate climate
services in their decision-making. User-training aspects
can be incorporated into the NFCS action plans and
priorities discussed at NCOFs.
Enhance monitoring, evaluation, and knowledge
management to improve communication – While
global and regional climate and development policy
initiatives are aligning with climate services delivery,
the concept and common understanding of climate
services is not yet widely established. Climate change
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Store22, and private, public and academic partnerships
are some of the examples that aim to make climate
services an intrinsic part of resilient and low-carbon
development.

Valuation would require monitoring and evaluation of
the socioeconomic costs/benefits of climate services – a
practice that is not currently common in NMHSs. The
2017 mid-term review of the GFCS called for developing
and implementing a monitoring and evaluation
process, setting targets, indicators and a monitoring
framework. Working jointly with Members and partners
to establish the vision and outline a clear roadmap will
help improve performance, coordination, and impact,
as well as communication about accomplishments.
This monitoring and evaluation plan would formalize
climate service contributions to the global agenda,
as well as evaluate the socioeconomic impacts of
weather and climate services.

A strong, centralized knowledge management system
would support Members and partners to better connect
to a broader backdrop of accumulated knowledge,
approaches and tools that ensure sustainable effort.The
new WMO online Community Platform and Country
Profile Database, as well as effective dialogue through
face-to-face forums (e.g. RCOFs and NCOFs), facilitate
the sharing of experiences and the identification of
good practices.

Foster strategic partnerships – The development
community already considers climate a development
issue and it is committed to act. It has already brought
science and technology into the field to help facilitate
climate-resilient development in the face of climate
variability and change. Strengthening the knowledge
base for adaptation planning through improved
access to, and use of, the best available climate
data, information and tools is imperative in meeting
the climate challenge. There is a need to step up
partnerships between the development community,
the WMO community, and researchers to develop
climate services to meet the short-, medium- and
long-term climate challenge.
New models for cooperation should be explored.
Initiatives such as the Pilot Programme for Climate
Resilience19 of Climate Investment Funds, the Climate
Risks and EarlyWarning Systems (CREWS)20 programme,
the World Bank Africa Hydromet Programme21, the
Copernicus Climate Change Service Climate Data
19

www.climateinvestmentfunds.org/topics/climate-resilience

20

www.crews-initiative.org/en.The CREWS initiative supports
Least Developed Countries and Small Island Developing
States to significantly increase their capacity to generate
and communicate effective, impact-based, multi-hazard,
gender-informed early warnings to protect lives, livelihoods
and assets.

21

www.worldbank.org/en/programs/africa_hydromet_program

Opportunities ahead
Societies are becoming aware of the effects of changes
in the global climate. There are opportunities to scale
up the co-production of climate services to respond
to their needs:
•

Many, if not all, services provide a direct or
indirect source of funding to the provider, be
it cost-recovery or profit-making. Such funding
can be used either to maintain or further develop
underpinning capability for the service provider.

•

Effective engagement with users of climate
information and effective collaboration with the
private sector can drive scientific and technological
advances in the service, and within the service
provider’s organization. NMHSs are important data
and service providers at the core of the climate
services value chain23, and close collaboration
with partners, both provider and user, is needed
to be able to co-produce tailored sectoral and
cross-sectoral services (on impacts, risks, options
for action).

•

The role of NMHSs in the climate-change arena is
becoming more prominent through participation in
climate-change committees and national adaptation
plans, while climate-change data and information
derived from observations and modelling are

22

cds.climate.copernicus.eu/#!/home

23

olc.worldbank.org/content/e-platform-weather-and-climate-services-resilient-development-guide-practitioners-and-policy
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mitigation and adaptation have become common
terms in the policy arena, but many practitioners
have no idea what climate services actually are and
still question their value.
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recognized as having significant value for climate
smart planning24. In addition, many of the global and
regional funding agencies are providing significant
project funding through climate-change funds.
•

WMO and several other United Nations agencies
have developed the GFCS, which, in turn, is creating
a service-oriented culture as part of an NFCS, thus
allowing many countries to engage with a range of
sectors in the public and private domains.

•

Exchange between NMHSs on the climate service
situation in their respective territories is needed.
Different countries may face similar challenges
and there is an opportunity to share knowledge
and regional inputs from developing climate
services. For that reason, it is important to enhance
the role of RCCs and the strong bond with all the
NMHSs of each region, not only to enhance climate
services but also to improve capacity-building
within each NMHS.

•

Working with donors and development banks will
help to ensure resources are targeted to regional
and national GFCS priorities (e.g. through the
Green Climate Fund, CREWS, International Finance
Institution grants and loans and bilateral donors,
among others).

24

World Bank Climate Change Knowledge Portal, climateknowledgeportal.worlbank.org

Future of climate services
Many services are not reaching through to those that
need them most.The future of climate services depends
largely on how countries organize themselves and
effectively utilize mechanisms such as the NFCS and
NCOFs to operationalize CSIS at the national level to
draw on the best available global and regional inputs
required for their weather and climate services, and
ensure their effective uptake in the last mile. Advancing
social and physical sciences will foster innovation
and effective co-design processes to better meet the
needs of users. Structured mechanisms to monitor
and communicate the benefits of weather and climate
services will motivate policy mechanisms to further
upscale services into decision-making processes.
Partnership with the private sector has the potential to
improve service in areas where NMHSs have technical
and financial limitations when aligned with WMO’
principles on public partnership engagement.These are
all opportunities that the WMO Reform will deliver by
streamlining internal structures and facilitate strategic
partnerships that enhance service delivery.
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Improving the Forecast: Value and
Public-Private Collaboration in Data
Driven Weather Insights
We can’t change the weather, but we often wish we
could.

through social and economic repercussions such as
migration and supply chain disruptions.

We know that high-impact weather events cause the
vast majority of global disasters, affecting millions of
people and leading to billions of dollars in property
damage every year. In 2018 the number of people
killed by natural disasters worldwide – around 10
000 – was far below the twenty-first century yearly
average of about 70 000, according to insurance
broker Aon1. However, the year did bring at least 39
weather disasters that each inflicted at least US$1
billion in damage2. Only three other years (2010, 2011
and 2013) have seen a larger number of billion-dollar,
inflation-adjusted, weather disasters.

As professionals in the weather industry, many of
us feel an obligation to help. Though we cannot
alter the world’s most destructive weather events,
we can use our resources to help provide deeper
insight into how upcoming weather will likely affect
people’s businesses and lives and help them make
more informed decisions about how they can prepare
and respond.

2018 saw severe flooding in Japan, India and northern China; record heat and catastrophic wildfires to
California; and ten tropical cyclones that reached
Category 5 strength, the second largest total on record.
Tens of millions of people in cities throughout the
Northern Hemisphere – including Glasgow, Montreal
and Seoul – experienced the hottest temperatures
ever recorded in their locations, killing dozens and
straining power grids.
These events are a sharp reminder of how important
timely and accurate weather and climate services are
to social and economic well-being. Climate change
means that we know we are facing a future with more
extreme events. While many of these events occur
locally or regionally, their impact is often felt globally
1

bit.ly/if-annual-report-2018

2

thoughtleadership.aonbenfield.com/Documents/20181206-ab-analytics-if-nov-global-recap.pdf

To meet the challenges ahead, it is imperative that
governments, businesses and the public are supported
with the best weather and climate services. We can
make this happen by seeing each other as partners
rather than competitors, achieving more together.

The business impacts of weather
There is not a single industry on the planet that has
not been affected by weather. A recent worldwide
study by the IBM Institute of Business Value3 found
that virtually 100% of company executives surveyed
believed that weather impacts at least one cost and
one revenue metric in their organization.
These executives also recognize the value that a
deeper understanding of weather may deliver. In the
same study, 99% of leaders surveyed said they believe
improved weather insights could help reduce annual
operating costs while 93% thought these insights could
3

h t t p s : / / w w w - 01. i b m . c o m / c o m m o n / s s i / c g i - b i n /
ssialias?htmlfid=87015487USEN
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By Mary Glackin, Vice President, Science and Forecast Operations and Head of Public-Private
Partnerships for The Weather Company, IBM, and President-Elect, American Meteorological Society
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The costliest weather disaster of 2018 was Hurricane Michael, which made landfall on Florida's Panhandle as
a top-end Category 4 storm with 155 mph winds on October 10, 2018, pushing a storm surge of 15+ feet to the
coast. Michael killed 32 people and did damage of US$ 17 billion. Here, we see a man walk through a beachfront
neighborhood that was decimated by Michael’s storm surge. Image credit: Scott Olson/Getty Images.

positively impact annual revenue growth. Interestingly,
the survey also revealed that as many as 62% believed
that weather insights could help drive additional
growth of as much as US$ 20 million per US$ 1 billion
of annual revenue – that is a 2% increase in growth
per billion. Some 68% indicated that weather insights
provided as a service might be more valuable than
raw data. These results validate the efforts of WMO
to encourage development of impact-based services.

The importance of collaboration

The Weather Company, an IBM Business, strives to
create such insights for companies and consumers
through a suite of data-driven solutions delivered
across web and mobile platforms. The potential
results can include increasing revenues, improving
customer engagement, reducing costs and raising
operational efficiency, and ensuring resilience across
global industries.

Achieving these ambitious goals will require strategic
relationships between public and private sectors,
each contributing its unique strengths in a mutually
beneficial arrangement. For instance, the private sector
is often more agile in adopting and integrating new
technologies. However, public entities can deliver a
societally-recognized degree of trust and transparency
that is vital in helping people make more informed
decisions.

The value of data-driven, technology-enhanced
approaches to weather may stretch far beyond profits. These technologies may also help address some
of the most pressing social issues facing the world
today such as feeding a rapidly-growing population
and mitigating the increasing damage caused by
natural – weather, climate and water – hazards.
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Big results can come from applying the private sector’s technological agility to bolster public efforts.
For example, The Weather Company works with the
National Weather Service to send severe weather
notifications – such as flash flood or hurricane warnings – to millions of people in the United States of
America (US) using its apps (mobile applications).
These notifications include all appropriate attributions
and are delivered without altering the original text.
Thus, the technological capabilities of a private entity
extend the reach of a recognized and trusted public
service.These communications are valuable as warning
messages are clearly communicated and the public is
not confronted with conflicting messages.

Creating the world’s most accurate
forecast
Most forecast providers rely on government-provided
data sources at largely synoptic-scale resolution. But
this approach may be limiting, as micro-climates and
geographic anomalies can create major variations
across different areas. That is why The Weather Company continuously strives to create a more accurate
forecast with better data.
The Weather Company seeks to build forecasts with
the richest, highest-resolution, most granular data
available. Every day we combine forecasts from
major centres around the world with data from tens
of thousands of personal weather stations and realtime data from aircraft. These sources can generate
terabytes of daily weather data and result in tens of
terabytes of historical weather information being
archived to use for trend analysis.
Once this data is gathered, we apply advanced
machine-learning algorithms to help optimize each
forecast element – temperature, precipitation, wind
direction and speed, humidity and pressure – based
on geography, time, weather type and recent accuracy.
Our team of experienced meteorologists constantly
monitor and adjust these forecasts as needed.
The result is the ability to produce forecasts for 2.2
billion locations with 500-metre global precision,
updated every fifteen minutes. We can also create

The new IBM Global High-Resolution Atmospheric
Forecasting System (GRAF) will be the first hourlyupdating commercial weather system that is able to
predict something as small as thunderstorms globally. It
is designed to run at 3km over land (below) in contrast to
traditional global models which run at 13-15 km (above).
Image credit: IBM

forecasts up to four months ahead of time to help
businesses and consumers plan ahead.
Our commitment to innovation continues. In collaboration with the National Center for Atmospheric Research
(NCAR), The Weather Company is now introducing
IBM’s Global High-Resolution Atmospheric Forecast
(GRAF) modelling system based on NCAR’s Model for
Prediction Across Scales4. Unlike most global modeling
systems, GRAF will provide three-kilometre resolution
that updates hourly, delivering reliable predictions
4

https://mpas-dev.github.io/
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for the day ahead. This new system is designed to be
able to draw on unused data such as sensor readings
from aircrafts and pressure sensor readings sent from
barometers found within smartphones.
As this use of non-conventional data grows, it has the
potential to overcome the lack of specialized weather
equipment in many parts of the world. This new
numerical weather prediction system will feed our
real-time forecast system described above.This system
also maximizes graphical processing units in addition
to central processing units. It is designed to run on the
IBM POWER9 and nVidia GPU technology, which is
behind the U.S. Department of Energy's Summit and
Sierra, the world's most powerful supercomputers.
About IBM GRAF, Antonio Busalacchi, president of
the University Corporation for Atmospheric Research,
which manages NCAR on behalf of the National
Science Foundation, said: "This is a great example of
how long-term basic research funded by the federal
government has created an industry opportunity that
is both good for the bottom line and protects lives and
property.The pathway from research to industry in the
Earth system sciences leads to better environmental
intelligence and decision making."

Smarter, faster weather-based decisions
This type of strategic collaboration is about more than
sharing forecasts. In fact,The Weather Company is not
really in the weather business, but rather in the decision
support business. Once forecasts are created, the likely
impacts of the forecasted weather – how it may affect
customers, behaviours, equipment, operations and
more – need to be analyzed and understood.
The models we have developed to help users make
more informed decisions are simple. We start with
high-quality weather forecasts and historical weather
information and then apply artificial intelligence (AI)
and predictive analytics to help identify potential
impacts. With those insights provided, our clients can
make more informed decisions. Decisions such as an
airline changing its fueling strategies in anticipation of
severe weather or a retailer adjusting their inventory
management because harsh conditions are likely to

delay the next shipment. Our support service will
enable them to more efficiently plan for these events.

Helping to feed the world with data and
analytics
Another excellent example of using weather data
and predictive analytics to drive value is through our
newest solution, the Watson Decision Platform for
Agriculture5. The agricultural industry is in need of
transformation. Growers and producers are competing
to serve ever expanding consumer demand for more
sustainable and better quality food. At the same time,
the industry must discover new ways to feed a growing
population – a projected increase of 2.2 billion people
by 2050 – while more and more arable land is being
lost to other uses6.
This is not the first attempt to introduce digital transformation to the agricultural industry. Previous solutions
have been proposed to increase yields by optimizing
farm data, but these failed because of their strong
reliance on manual input from growers and remote
Internet accessibility. Frustrated by these limitations,
growers reverted to traditional approaches, causing
tremendous amounts of potentially valuable data to
go unused.
The Watson Decision Platform for Agriculture is different. The solution automatically gathers relevant
agriculture data from a wide variety of sources. These
include data collected from soil, sensors installed on
farm equipment, information from other growers,
high-definition visual imagery and forecasts from The
Weather Company.
This data is combined into an electronic field record,
which is similar to an electronic health record for a
farm. The solution applies AI, machine learning and
predictive analytics to this record to extract valuable
5

h t t p s : / / w w w - 01. i b m . c o m / c o m m o n / s s i / c g i - b i n /
ssialias?htmlfid=67019267USEN

6

Current population is estimated at 7.7B (http://www.
worldometers.info/world-population); the UN estimates
this will be 9.8B in 2015 (https://population.un.org/wpp/
Publications/) when the amount of arable land is not
projected to increase http://www.oecd.org/environment/
indicators-modelling-outlooks/oecdenvironmentaloutlookto2050theconsequencesofinaction.htm

WMO BULLETIN

insights and generate guidance for more informed
decisions.These insights are displayed in a dashboard,
so growers can see data and alerts related to critical
elements such as weather forecasts, soil conditions,
evapotranspiration rates and crop stress. With this
information, farmers can make adjustments that help
them produce more crops per hectare of land while
improving sustainability and quality.

The value is not only for growers. Agriculture is an
ecosystem with many parts, all of which can benefit
from deeper insight into the factors that affect production. The platform automates data sharing between
agriculture stakeholders across functions to create a
more connected, transparent system. Food producers
can better understand harvest timing and predict
volumes. Lenders and insurers can set more accurate
rates. Governments may be able to help improve food
independence strategies by providing a common set
of tools and measures to agencies and growers.

The private and public sectors must also do more
to harmonize our philanthropic efforts. Through
our partnership with TAHMO (https://tahmo.org/),
The Weather Company/IBM has installed stations at
schools and local meteorological agencies in Africa7
to help deliver real-time weather data to under-served
locations. These efforts are designed to help improve
irrigation and agricultural resource management while
also delivering climate insights for aviation, power,
insurance and service-related industries.
For such efforts to prosper at a global level, private and
public entities should continue to promote adoption
of open data policies and common alerting protocols
while also encouraging the use of new technologies
and procurement approaches to help increase the
reliability of equipment.
As we seek to make the global weather enterprise more
vibrant, capable and sustainable, we look forward to
continuing a conversation about public and private
collaborations – a critical conversation for moving
forward as we serve billions of people around the
world.

Working toward a common goal
Many in the private sector believe in a shared public
safety mission that changes our responsibility from
systems provider to services partner. There are many
opportunities to help public entities increase their
efforts without losing their identity such as using our
platforms to help extend the reach of government-issued alerts.
We could still be doing more, particularly with how
technology is used. Sending important communications to citizens who are out of Wi-Fi range by using
mesh communications from cell phone to cell phone
is a pertinent example. The private sector can also
provide deeper insight into what motivates people
to act and respond, making this a rich opportunity
to assist with global sustainable development goals.
7

http://tahmo.org/ibm-project-taking-shape-east-africa/
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Another example shows that Watson AI can analyze
drone footage of a specific section of a field to automatically identify and alert growers about types and
severity levels of pest and disease damage.This insight
can help growers save time and money while reducing
the impact on their field by better understanding how,
where and when to spray.
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Public-Private Partnership - an
Innovative Meteorological Service
Model
By Wei Xiaoli, Li Mingmei, Zhang Jiancheng and Zhang Wei, China Meteorological Administration

The boom in communication technology has opened
many opportunities for private meteorological
service companies in China. China Meteorological
Administration’s (CMA) has, therefore, placed high
priority on establishing collaborative relationships
with these in order to restructure and streamline
meteorological services. In 2015, CMA started to
explored partnerships between the National Service
and private meteorological services to boost
Chinese expertise and knowledge in developing
and disseminating meteorological services. In May,
CMA-affiliated Huafeng Meteorological Media Group
(Huafeng Group) and AccuWeather formed a joint
venture: the Huafeng-AccuWeather Meteorological
Technology (Beijing) Co., Ltd. The partnership was
an innovative private-public model for cooperation.
CMA assigned the operation of its official “China
Weather” mobile application (app) and provision
of public web-based meteorological services to
the newly created Huafeng-AccuWeather. The new
company would benefit from both government and
private sector resources and expertise to become a
market success. Its performance and user acceptance
has surpassed all expectation. The effectiveness of
this initiative arises from three main factors: user
experience, timely dissemination and feedback
mechanisms.

Strengthening the user experience
The user was placed at the centre of product and
service development. User acceptance comes from
designing intuitive and useful products and services
that focus on specific user needs. Huafeng-Accuweather

places value on the integration of technologies and
techniques from both sides to create more innovative
products. Its first product, “RealFeel,” combines
meteorological elements such as temperature,
ultraviolet (UV) and wind speed and knowledge on
how humans experience those elements.This apparent
temperature product tells users how the current
weather will really feel to them. This information is
subdivided into “real feel in shade” and “real feel in
wind” as well as offering additional services to users.
In a second stage, Huafeng-Accuweather developed
precipitation phase prediction products to provide
credible forecasts of rainfall, snowfall and sleet.
RealFeel analyzes the impact of different precipitation
phases on users’ travel, transportation and electricity
sources to keep them informed and prepared with a
lead time of 15 days.
Most recently, Huafeng-Accuweather developed
services and products with long lead-time (90-day)
forecasts. The Chinese concept of Xun – a period of
ten days – was used to introduced the service, which
allows users to browse the forecasts by the first
(early), second (middle) or third (late) ten days of a
month of their choice.

Dissemination of authoritative forecasts
and warning
The National Service remains the authoritative
voice for weather forecasts and warnings with the
responsibility for disseminating such information
in a timely manner to those who need it. However,
this dissemination requires the participation of
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various non-governmental sectors as well as private
enterprises to be more effective. AccuWeather, an
international private company, boasts large numbers
of users and partners around the world. Building
upon AccuWeather's global service network, HuafengAccuweather makes China’s authoritative forecasts
and warnings available worldwide by applying the
so-called transboundary spread of messages. At
present, the interface of Huafeng-AccuWeather API
automatically provides forecasts and warnings globally
in more than 100 languages, sharing meteorological
information and assisting in the provision of data for
global disaster risk prevention and mitigation.

Enhancing the operational service through
feedback mechanism
The Huafeng-Accuweather public-private partnership
has truly benefited from the flexibility and vitality that
are the strengths of private enterprises. One outcome
is the introduction of a user interaction and feedback
mechanism, based on AccuWeather’s innovative
user service concept. In 2018, Huafeng-AccuWeather
cooperated with Vivo Mobile to add a user feedback
feature on their platform for users to give timely
feedback when the actual weather conditions in
their location are inconsistent with those displayed
on their mobile phone. This interaction with users
improved – and continues to improve – the accuracy
of real-time data and the user experience.
The business model, which has been strengthened
through partnerships with other mobile vendors,
benefits distribution and allows Huafeng-AccuWeather
to spread meteorological information by plug-in

weather features built into the mobile phone. At
present, its partners include China Mobile, China
Unicom, ChinaTelecom and Internet service providers
such as Baidu and Yidianzixun. This continued
innovation in concept and practice is contributing to a
growing user base which has objectively expanded the
coverage of meteorological forecasting and warning
services and the visibility of the NMHS.

Stronger working together
The strengths of the CMA-affiliated enterprise and
AccuWeather working as one have resulted in a
stable number of App users and a rapid increase
in page views of the WAP websitem.weathercn.
com. At present, the Huafeng Group brands the
businesses of Huafeng-AccuWeather globally as
“China Weather” for easy recognition and future
development. AccuWeather plans to provide further
support to the joint venture on various aspects related
to technology and services.The excellent performance
of Huafeng-AccuWeather suggests that success and
innovation will grow in National Services that adopt
Public-Private Partnerships.
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Location: Lava sunset Hong Kong
Photographer: Wai Kwong Angus Wong
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Review of the World Climate
Research Programme: Setting the
Agenda for 21st Century Climate
Research
By Dame Julia Slingo, Former Chief Scientist, Met Office, UK

Since 1990 and the publication of the First Assessment
Report of the Intergovernmental Panel on Climate
Change (IPCC), tens of thousands of scientists have
come together to deliver the latest scientific evidence
that the Earth’s climate is changing and that the
majority of the observed change is due to human
activity. Never before have so many scientists been
willing to coordinate and dedicate their resources
to address a global issue of such huge societal and
economic relevance.The statistics are staggering. For
the IPCC Fifth Assessment Report, the community
generated 2 petabytes of climate simulation data, and
over 850 scientists from 55 countries reviewed over 9
200 published papers on physical climate science. It
was on the basis of this report that over 190 countries
signed up, in Paris in 2015, to limit global warming
to 2 ºC and, if possible, 1.5 ºC.
What is far less well known is that none of this
would have been possible without the World Climate Research Programme (WCRP). The design,
coordination and dissemination of the climate change
scenarios that underpin the IPCC assessments was
guided by the WCRP. Its activities have had a massive
impact on climate change science, and has enabled
a huge community of scientists to engage with the
IPCC process.
The WCRP was established in 1980 under the joint
sponsorship of WMO and the International Council for
Science Unions (ICSU). In 1993, the Intergovernmental
Oceanographic Commission (IOC) of UNESCO also
became a sponsor. Since its inception, WCRP has
focused on cutting-edge physical climate science.
Its mission is to determine to what extent climate

can be predicted, and the extent of man’s influence
on climate.
WCRP does not fund research directly, but plays a
unique role in facilitating and integrating climate
research in areas where international coordination
enables scientific advances that would not happen
otherwise. It functions by engaging with, and gaining the commitment of, the international climate
science community to its programme of work, and
in turn ensuring that participants derive benefit from
engaging in WCRP activities. Community engagement
in WCRP is broad and strong, and the WCRP is recognized and valued for providing opportunities to work
collaboratively to the greater benefit of the science.
By bringing together international endeavours, WCRP
provides massive gearing from national research
funding. For example, the IPCC Sixth Assessment
Report, due to be published in 2020, will draw on
over US$4 billion worth of nationally-funded research.
The WCRP sponsors commissioned a major review
of the programme as it approaches its 40th anniversary to ascertain its effectiveness in addressing 21st
century demands for climate information on all time
and spacial scales. Published in September 2018, this
review makes a series of recommendations for how
WCRP and its sponsors should plan its future and
ensure that fundamental climate research continues
to thrive and serve the needs of society.

More than ever, WCRP is needed
With the Paris Agreement, it might be tempting to
conclude that climate research has provided the
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answers – the world is warming and that it is due to
us – and that all is needed now are the technological
advances to deal with the sources and effects of that
warming. On the contrary, the review argues that core,
underpinning climate science, which WCRP helps to
deliver, is needed more than ever before. Society’s
pressing need for solutions to the impacts of climate
change (Paris Agreement), to mitigate disaster risk and
improve resilience to disasters (Sendai Agreement),
and to sustainable development for the planet (UN
Sustainable Development Goals) heighten the importance of the climate research coordinated by WCRP.

Seamless weather-to-climate approach
needed
Climate science has evolved substantially since WCRP
was created. Advances in fundamental science, in
observing the climate system and in complex simulations, combined with the exploitation of cutting-edge
technologies, such as satellites and supercomputers,
have revolutionized our understanding of the weather
and climate we experience. These advances have
enabled us to forecast future weather and climate
behaviour with ever-increasing skill. Climate science now engages many different disciplines beyond
meteorology –oceanography, chemistry, biology and
many more. Climate models no longer consider just

the physical climate system but increasingly include
Earth system processes, such as the carbon cycle.
At the same time, the need for climate information on
all space and time scales has led to the recognition
that weather science is fundamental to climate science,
that the same fundamental meteorology underpins
them both. More seamless thinking across weather
forecasting and climate prediction will be increasingly
important. After all, we know that the biggest impacts
of climate change will be felt through high impact
weather, such as floods, storm surges and heatwaves.
Much closer cooperation, therefore, is needed between
the two communities, with greater alignment of their
fundamental research, model development and prediction activities.
Traditionally, the WCRP has structured its activities
around its four core projects each focusing on a fundamental element of the Earth System – atmosphere,
land, ocean and ice (cryosphere). These served the
community well, leading to some ground-breaking
advances such as understanding the chemistry and
dynamics of the ozone hole, the capability to observe,
understand and predict El Nino, and assessing the
contribution of glacier and ice-sheet melting to sealevel rise. However, the review concluded that the
structure and remit of these projects may no longer
be appropriate in an era in which more holistic Earth
System and seamless weather-to-climate science
approaches are needed.Today society requires science
and services from the global to the local scale.

Core mission unchanged
The initial mission of the WCRP – to determine to what
extent climate can be predicted, and the extent of man’s
influence on climate – should remain the core pillars
for the future WCRP. These pillars will need to take a
holistic view of the climate system, bringing together
the separate components of the climate system, and
considering the synergistic relationship between
weather, climate variability and climate change.
In answering the first question – to what extent can
climate be predicted? – we now know that there are
many drivers of climate variability on monthly to decadal timescales, beyond just the oceans, and including

Science

Today, we live in a global economy, relying on international trade, efficient transport systems and resilient
and reliable provision of food, energy and water. All
these systems are vulnerable to adverse weather and
climate. The additional pressure of climate change
creates a new set of circumstances and poses new
challenges. Over the coming century, exposure to the
risks caused by a varying and changing climate will be
compounded by rising population levels, increasing
urbanization and the requirement to provide food,
water and energy to the world’s people. We need
to build more resilient nations, better prepared for
weather and climate risks. We need to help governments and businesses make wise choices for future
investment in adaptation. We need to guide the implementation of mitigation policies to avoid dangerous
climate change. Without a strong foundation in climate
science none of these challenges can be addressed
in a robust, cost-effective and durable way.
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the sun and other components of the climate system.
Finding predictable signals means that we need to
include all these in our prediction systems and learn
how each interacts with the whole system to reinforce
or weaken predictability. The atmosphere and ocean
are both dynamical fluids which can transmit signals
from one part of the system to many other remote
locations, around the globe. Known as teleconnections
and modes of variability, unravelling the subtle climate
dynamics associated with them remains challenging,
but progress will be essential for understanding the
changing volatility of our weather and climate as the
planet warms.
The second core pillar addresses the extent of man’s
influence on climate and asks some fundamental
questions about climate sensitivity and how our understanding of it will evolve as we introduce new Earth
System feedbacks, such as the carbon and nitrogen
cycles, and melting permafrost. As the frequency of
extreme weather and climate events seems to be
growing year on year, there are inevitable questions
about the influence of climate change. The provision
of robust attribution for specific events is still in
its infancy. The science is challenging, yet progress
will be essential to guide investments in adaptation
and building more resilient societies. And of course,
WCRP must continue to play a pivotal role in IPCC by

coordinating the design, delivery and assessment of
climate scenarios. It will draw on the latest science
and modelling capabilities to guide adaptation and
mitigation policies and to underpin international
agreements on emission reductions.
WCRP will need to ensure that it is underpinned
by a third pillar on fundamental research on Earth
system processes across timescales to achieve its
core mission. For example, it should crosscut from
the fast scales of organized cumulus convection to
the slow scales of dynamic vegetation and melting
ice-sheets. At the core of this activity is the recognition
that understanding processes at fine scales, through
observations, field experiments and simulation, is
essential for developing parametrizations at the larger
scale. It will ensure that climate and Earth system
models are deliver reliable and robust simulations,
predictions and scenarios. It is here that links with the
weather science and forecasting community will be
immensely valuable. They struggle with many of the
same scientific and modelling problems, but have the
advantage of being able to test models in a forecast
environment.
These three enduring core pillars are designed to
nurture long-term expertise and capabilities. At the
same time, it will be essential that WCRP urgently
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address key scientific problems with explicit societal
relevance, due to their specific impacts or as policy
drivers, through international cooperation. To this
end, WCRP will support a set of high-profile, but
time-limited, crosscutting research projects. Potential
examples include:
•

Regional Sea Level Rise, Coastal Impacts and Cities

•

Weather and Climate Extremes, now and in the
future

•

Water Cycle and the Food Baskets of the World

•

Fate of the Antarctic and Greenland Icesheets.

These will enable WCRP to maintain a vibrant research
portfolio, to engage with a broader cohort of scientists,
and to enthuse and foster the next generation of
science leaders.

Driving science forward

The scale of the enterprise that is now required may
pose the greatest risk for the future WCRP, and for the
climate science community in general. Modelling is a
fundamental tool for delivering climate science, and
yet model development continues to be hard work to
prioritize and energize with research funders. Climate
models have always been very compute-intensive.
Over the decades, the availability of computing power
has dictated the level of sophistication of the models
and the type of simulations that can therefore be
performed. There are few sciences where progress
can be so closely linked to the increases in supercomputing power.

A major push is required in model development with
the new agendas of seamlessness across weather,
climate and Earth system science, of high resolution,
fully coupled, Earth system modelling, and the advent
of exascale computing. This implies building a new
generation of codes. WCRP can play a vital role in
supporting the community by driving the science for
next generation Earth system modelling forward and
by providing a forum for engaging with the vendors on
the design of exascale machines to the benefit of all.
In summary, the review commended WCRP for its long
and vital contribution to international climate research.
However, together with its sponsors it must now plan
its future in order to ensure that fundamental climate
research continues to thrive and serve the needs of
society as it tackles 21st century challenges. Acting as
the recognized, international and collective voice for
climate science, WCRP plays a critical advocacy role,
interacting strategically with research funders and
governments to ensure that society has access to the
best possible scientific evidence. With the emergence
of holistic Earth system modelling, of seamless weather
and climate science, of the increasing skill and reliability of climate prediction, and growing requirement
for an increasing range of climate projections from
the global to the local to guide resilience, adaptation
and mitigation actions, WCRP is needed more than
ever before.

Science

The review is very clear that the strength of WCRP
must continue to lie in its focus on the fundamental,
underpinning science. It is not its role to deliver end
products and services. That would risk diluting its
focus. It should, however, continue to maintain an
active dialogue with the users and stakeholders of
its science. This will deliver multiple benefits. WCRP
will be able to articulate the value of its core science
for addressing societal needs, and give users access
to the latest scientific developments so that they can
shape their services accordingly.
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S2S Forecasting: Towards Seamless
Prediction
By Frederic Vitart and Andy Brown, European Centre for Medium-range Weather Forecasts (ECMWF)

Historically, there has been a clear divide between
weather and climate prediction, although both use
similar numerical tools. Weather prediction, which is
essentially an atmospheric initial condition problem,
refers to the prediction of daily weather patterns from a
few hours up to about two weeks. Climate forecasting,
which is a boundary condition problem, refers to the
prediction of climate fluctuations averaged over a
season or beyond.This time-scale separation between
weather and climate prediction has caused a division
among the weather and climate research communities.
However, a convergence is taking place, spurred by
the growing realization that weather and climate take
place on a continuum of time and space scales.

failed to produce extended-range forecasts that were
significantly better than simply persisting with the
medium-range operational forecasts. For a long time
these disappointing results reinforced the idea that the
S2S time scale was a “predictability desert.”

Coherent phenomena on a range of scales along this
continuum lead to predictability on scales from subdaily to weeks, months, years, decades and beyond
(Hoskins, 2012).The sub-seasonal to seasonal (S2S) time
range – which corresponds to predictions beyond two
weeks but less than a season – fills this gap between
weather and climate forecasting and represents a
central component for ‘seamless’ weather/climate
prediction.This approach takes advantage of the commonality of science and the continuum of scales, and,
in its limit, seeks to use a single modelling system to
make forecasts all the way from weather scales to
seasonal or longer climate scales (Brunet et al., 2010).

In the early 2000s, only the Japan Meteorological
Agency and the European Centre for Mediumrange Weather Forecasts (ECMWF) were producing
operational forecasts at the sub-seasonal time range.
Today, at least ten operational centres and most WMO
Global producing Centres (GPCs) are issuing S2S
forecasts routinely.These predictions represent a great
opportunity to help society through skilful forecasts
of extreme weather risks that can inform decisions.

Advances in the predictability desert
S2S is often considered a difficult time range for
weather forecasting. It is both too long for much
memory of the atmospheric initial conditions and
too short for changes in the atmospheric boundary conditions (such as sea-surface temperatures)
to be felt sufficiently strongly, making it difficult to
beat persistence. Early attempts (Molteni et al., 1986)

Interest in the S2S time range has revived in the
last decade thanks to the discovery of sources of
predictability from atmosphere, ocean and land
processes although these are still not yet fully
understood. These sources include the Madden
Julian Oscillation (MJO) in the tropics, stratospheretroposphere interaction, soil moisture, snow and
sea-ice cover and sea-surface temperature.

Great progress has been made with some aspects
of predictions. For example, numerical models have
shown remarkable improvements in MJO forecast skill
scores in recent years (see Fig. 1). Important challenges
still remain to make sub-seasonal forecasts sufficiently
reliable and skilful for some applications.

Model convergence
As already mentioned, Climate and Numerical Weather
Prediction (NWP) models are based on the same
set of numerical representations of the primitive
equations. However, climate models typically include
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additional components of the Earth System in order
to represent processes that are important on longer
time scales. These include the ocean and cryosphere,
a fuller representation of the land surface as well as
atmospheric chemistry (aerosols, ozone, greenhouse
gases, etc.).The time evolution of these components is
usually assumed to be too small to significantly impact
global weather forecasts a few days in advance.
Despite this, the additional complexity of climate
models has been offset by higher resolution and greater
intricacy in the formulation of initial conditions in
weather forecasting.
Nevertheless, the historical differences between
weather and climate models are becoming increasingly
blurry with S2S predictions at the centre of this
convergence.This is driven by the weather community’s
desire to use more complex models to include other
components of the Earth System to push the limit of
predictive skill further out.

Conversely, the climate community is increasingly
interested in the initial atmospheric conditions problem
and in the statistics of weather in a changing climate.
There is also strong push to test climate models in
weather configuration in order to identify systematic
errors and improve the predictability of weather
events. That is, for example, the goal of the WMO
Transpose-AMIP project where climate models are
used experimentally for weather prediction. There
have also been efforts to run weather forecast models
in climate mode to test the evolution of systematic
errors associated to the slowly varying boundary
conditions (Hazeleger et al., 2010).
From the physical perspective, there are no overriding
reasons why weather and climate models should
be different and some operational centres like the
Met Office in the United Kingdom already use the

Science

Figure 1: Evolution of the MJO skill scores since 2002. The MJO skill scores have been computed on the ensemble
mean of the ECMWF re-forecasts produced during a complete year. The blue, red and brown lines indicate
respectively the forecast lead time in days when the MJO bivariate correlation reaches 0.5, 0.6 and 0.8. This figure
shows that the MJO forecasts are significantly more skilful now than 15 years ago (0.6 correlation reached at day
30 in 2017 instead of day 15 in 2002).
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same atmospheric model1 for weather and climate
forecasting. This evolution towards seamless
prediction benefits sub-seasonal prediction where
predictability comes from the initial conditions as
well as from boundary conditions.

ECMWF model
ECMWF provides another example of the drive towards
seamless prediction across time scales. When subseasonal forecasting became operational at ECMWF in
2004, these extended-range forecasts were produced
from a forecasting system which was different
from that used for medium-range forecasting (high
resolution, atmosphere only) and seasonal forecasting
(low resolution, coupled ocean-atmosphere). At the
time, the extended-range forecasting system shared
characteristics from the two other systems (medium
resolution, coupled ocean-atmosphere). In 2008,
the medium-range and extended range forecasting
became a single system with extended-range forecasts
becoming an extension of the medium-range forecasts
twice a week to 32 days. This was a first step towards
a seamless forecasting system at ECMWF.
At the time of this merging, ocean and atmosphere
were coupled only after day ten of persistent
atmospheric forcing by sea-surface temperature
anomalies. However, in 2013, the ECMWF ensemble
prediction system became coupled from day zero
(Janssen et al., 2013).
An important motivation for this move was S2S
prediction with, in particular, the role of oceanatmosphere coupling on the prediction of the MJO.
It appeared that ocean-atmosphere coupling also
benefited medium-range forecasting, particularly
for the prediction of tropical cyclone intensity and
the high resolution deterministic medium-range
system has also been coupled to an interactive ocean
since 2017. The medium to extended range ensemble
forecasting system and seasonal forecasting system
have also been converging since the implementation
of the latest seasonal forecasting system (SEAS5)
with the model physics now very similar (although
not yet identical) across the systems.
1

The unified model, www.metoffice.gov.uk/research/
modelling-systems/unified-model)

The sub-seasonal to seasonal time range, like
other time ranges, can also benefit from increased
complexity in the earth system modelling. This
increased complexity may help develop new products
directly from the model integrations and could also
feedback on the meteorological prediction and help
produce more skilful and reliable S2S forecasts.
For instance, at ECMWF a wave model is coupled
to the ocean and atmospheric components of the
forecasting system instead of the more traditional
approach which consists of running a separate offline
wave model forcing a posteriori by atmospheric
fields from S2S forecasts. This full integration of the
wave model within the ECMWF forecasting system
benefits the prediction of low level winds and allows
a more integrated generation of forecast products. In
the future, other components such as atmospheric
composition, hydrology may also become part of a
more seamless and integrated forecasting system.

Inform decision-making
S2S prediction represents a great opportunity to help
decision makers through skilful forecasts of extreme
weather risk. Weather and climate span a continuum
of time scales and forecast information with different
lead times is relevant to different sorts of decisions
and early-warning.
Extending downward from the seasonal scale, a
seasonal forecast might inform a crop-planting choice,
while sub-monthly forecasts could help irrigation
scheduling and pesticide/fertilizer application by
making the cropping calendar a function of the S2S
forecast and thus dynamic in time. In situations where
seasonal forecasts are already in use, sub-seasonal
ones could be used as updates, as in estimating
end-of-season crop yields. Sub-seasonal forecasts
may play an especially important role where initial
conditions and intra-seasonal oscillation yield
strong sub-seasonal predictability, while seasonal
predictability is weak, such as in the case of the Indian
summer monsoon.
Extending upward from application of NWP, which
is much more mature, there is a potential opportunity to extend flood forecasting with rainfall-runoff
hydraulic models to longer lead times. In the context of
humanitarian aid and disaster preparedness, the Red
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Tropical Cyclone YASI 26 Jan – 4 Feb 2011

Tropical Cyclone Yasi 26 Jan–4 Feb 2011
READY

1st Nov. Seasonal Forecast

SET

13 January 2011 - day 19-25 forecast

GO

27 January 2011 - day 5-11 forecast

Figure 2: Prediction of tropical cyclones at different time ranges from ECMWF seasonal and ensemble forecasting
systems. The left panel shows a seasonal forecast of hurricane frequency starting on 1st November 2010 and
covering the period December 2010 to May 2011. Green bars represent the predicted frequency of hurricane-intensity
cyclones compared to observed climatology (orange). The black bars show the 5% level of confidence. The middle
panel shows the probability of a tropical cyclone strike within 300 kilometres from the ECMWF extended range
forecast starting on 13 January 2011 at the time range day 19-25, and the right panel the strike probabilities from
the ECMWF medium-range forecast starting on 27 January 2011 at the time range day 5-11.

Cross Climate Centre and the International Research
Institute for Climate and Society (IRI) have proposed
a ‘Ready-Set-Go’ concept for making use of forecasts
from weather to seasonal:
Seasonal forecasts are used to begin monitoring
of sub-seasonal and short-range forecasts, update
contingency plans, train volunteers and enable
early warning systems (Ready)

•

Sub-monthly forecasts are used to alert volunteers,
warn communities (Set)

•

Weather forecasts are then used to activate volunteers, distribute instructions to communities
and evacuate if needed (Go).

Figure 2 shows an example of Ready-Set-Go paradigm for the prediction of tropical cyclone Yasi, which
made landfall in northern Queensland, Australia,
on 3 February 2011 as a severe Category 5 causing
major damage to affected areas. This paradigm could
be useful in other sectors as a means to frame the
contribution of sub-seasonal forecasts to climate
service development within the Global Framework
for Climate Services (GFCS).

Based on the potential and demand for improved
forecast skill at the sub-seasonal to seasonal time
range and for bridging the gap between weather and
climate, an S2S research project has been established
jointly by the World Weather Research Programme
(WWRP) and the World Climate Research Programme
(WCRP). Its main goal is to improve forecast skill
and understanding on the S2S scale and promote its
uptake by operational centres and exploitation by the
applications community (Vitart et al, 2012).
To achieve many of these goals an extensive database
is being established, containing sub-seasonal (up
to 60 days) forecasts and re-forecasts (sometimes
known as hindcasts), modelled in part on theTHORPEX
Interactive Grand Global Ensemble (TIGGE) database
for medium range forecasts (up to 15 days) and the
Climate-System Historical Forecast project (CHFP)
for seasonal forecasts. The research activities of the
project are being organized around a set of sub-projects
including Ocean, Land and Aerosols (see s2sprediction.
net for more details).
It is hoped that these sub-projects, along with the S2S
database, will provide a vehicle for broad community

Science

•

WMO research project
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research engagement in S2S and help promote the use
of sub-seasonal to seasonal forecasts in applications
and also help answer some of the important scientific
questions regarding seamless prediction. WMO is an
important driver for such research, which demands
an Earth System approach.
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The Alliance for Hydromet Development
By Markus Repnik, WMO, and Vladimir Tsirkunov, World Bank

The World Economic Forum’s Global Risks Report
2019 plots the most probable and highest global risks
challenging humankind – all relate to weather, climate,
water and environment, the core of WMO activities.
Societies, communities, citizens and international
development partners are looking to WMO to provide
the best available data, knowledge and services to allay
such risks.They look to WMO to provide the foundation
for climate-resilient, sustainable development. Yet,
National Meteorological and Hydrological Services
(NMHSs) in many developing countries are not
properly equipped to deliver basic weather, climate
and water services. There are major gaps: a gap
between expectations and capacity, and a gap between
developed and developing countries.
Thus, the WMO Strategic Plan 2020–2030 has put the
strengthening of Member capacity at centrestage. The
WMO reform, based on the WMO Strategic Plan, aims
to boost the creation of innovative mechanisms that
will open the doors to development institutions to
better benefit from WMO authoritative expertise and
knowledge in understanding the changing climate.
A scaling up of partnerships is going to be crucial
in WMO efforts to close the capacity gap, because
more money, “better” money and a strong common
commitment is needed. The Alliance for Hydromet
Development offers one example of how this will be
achieved.

WMO Secretary-General PetteriTaalas and World Bank
Vice-President for Sustainable Development Laura
Tuck announced in October 2018 the creation of the
Alliance for Hydromet Development. The Alliance will
bring together WMO and major development and
climate finance partners behind a strong commitment
to do more and “better” in strengthening developing
country capacity for the provision of high-quality

weather, climate and hydrological data and services.

More finance
US$ 400 billion is the average flow of annual investments in climate action1. A few billion of that sum
are invested in early warning systems (EWS), climate
information services and strengthening capacity of
NMHSs. The World Bank and the Green Climate Fund
(GCF) have already invested some US$ 2 billion and
several partners have made commitments to further
step up their financing. For example, the World Bank
announced an annual investment of US$ 10 billion for
climate-change adaption, including better forecasts,
EWS and climate services in 30 countries.
But more is needed. The World Bank estimates that
additional investments of up to US$ 2 billion2 are
needed to create national institutions that are capable,
and fully equipped to deliver timely, reliable climate,
1

Climate Policy Initiative (CPI), 2018: Global Climate
F i n a n c e : A n U p d a t e d Vi e w 2 018 . Av a i l a b l e a t
https://climatepolicyinitiative.org/publication/
global-climate-finance-an-updated-view-2018/

2

World Bank, 2013: Weather and Climate Resilience:
Effective preparedness through national Meteorological
and Hydrological Services http://documents.worldbank.
org/curated/en/308581468322487484/Weather-and-climateresilience-effective-preparedness-through-nationalmeteorological-and-hydrological-services

Support

Scaling up effective development
partnerships

Water suppliers carrying life
Photographer: Lucien Stolze
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weather and water information relevant for policy and
investment decisions.The Alliance will bring WMO and
development and climate finance partners together
to close the finance gap.

•

The Climate Risk and Early Warning Systems
Initiative (CREWS), a growing initiative that brings
together the World Bank, the United Nations Office
for Disaster Risk Reduction (UNISDR) and WMO
to partner in EWS projects in Least Developed
Countries and Small Island Developing States.
To date, seven countries – Australia, Canada,
France, Germany, Luxembourg, the Netherlands
and Switzerland – are financing this initiative,
and more funding partners are expected to join.

•

WMO Country Support Initiative is currently
under preparation. The initiative will mobilize
funding from bilateral partners towards providing
on-demand and rapid response support to NMHSs
to fill capacity gaps and to ensure that proposed
new projects are based on WMO standards and
knowledge and strengthen national observation
systems, NMHS capacity and service delivery in a
systemic manner. The Country Support initiative
will support countries and their international
development partners on existing and planned
projects.

Better use of finance
However, uncoordinated investments have led to a
fragmented flow of internationally funded projects,
often resulting in a patchwork of observation infrastructure and technologies that are impossible for
NMHSs with low capacity and inadequate operating
and maintenance resources to sustain. To address
this, the Alliance will create a “code of conduct”
for all partners to adhere to common principles on
strengthening the capacity of developing countries
for the provision of high-quality weather, climate and
hydrological data and services in a coordinated and
sustainable manner.

Leverage collective efforts
The Alliance will serve as a platform to connect the
dots between projects and initiatives, including:
•

The Global Framework for Climate Services (GFCS)
focused on providing climate information services
needed for disaster risk reduction, food security,
health services, water resource management and
energy efficiency.

The Alliance will help to enable all NMHSs to contribute
to the ambitious global climate agenda.
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Introducing the WMO Chief
Scientist Pavel Kabat
WMO appointed Pavel Kabat as its first chief scientist and research director
in autumn 2018. He will guide the overall strategic direction of the WMO
science, and its underlying research activities, including the World Climate
Research Programme, the World Weather Research Programme and the
Global Atmosphere Watch, which monitors greenhouse gas concentrations,
air quality and the ozone layer.
Professor Kabat will maintain close interactions with WMO Members to
ensure the uptake of their priorities in research and to facilitate a faster
transfer of research outcomes to operations. He will also be responsible for
building strategic research partnerships and coordinating active dialogue
between science and operations, and promoting measures to ensure a
more integrated research effort across all WMO activities. He is expected
to further advance WMO contributions to the United Nations Sustainable
Development Goals.
“WMO is in the process of strengthening its interaction with weather, climate,
water and related environmental science communities. The appointment of
first chief scientist is emphasizing that,” said WMO Secretary-General Petteri
Taalas. “Pavel Kabat will be a great asset for WMO and its Members. His
high calibre scientific and leadership skills, as well as his global networks,
will contribute to the future success of WMO in serving its Members and
advancing the global agenda on sustainable development, climate change
mitigation and adaption, and disaster risk reduction”.
Professor Kabat is the former director general and chief executive officer of the
International Institute for Applied Systems Analysis (IIASA), an independent,
international, science, and science-to-policy institute. “I am delighted to
join the WMO,” said Professor Kabat. “I hope to bring my experiences from
IIASA on systems thinking to this new position. I also look forward to work
on further building bridges between water and climate issues by actively
bringing science and policy partners together. I also hope that this will
trigger more collaboration between IIASA and the WMO.”
Trained as a mathematician and hydrologist, Professor Kabat’s almost-30year research career has covered earth system science and global change,
with a specific focus on land-atmosphere interactions, climate hydrology,
the water cycle, and water resources.
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