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Realizing the WMO Vision for
2030: An interview with SecretaryGeneral Petteri Taalas
By Sylvie Castonguay1

and working practices – often without success. The
motivation of Prof. Taalas to apply for the Secretary
General post was to modernize WMO. The Eighteenth
World Meteorological Congress (Cg-18) in 2019
approved a historic reform package that includes a
reduction in the number of technical commissions from
eight to two to favour Earth System weather, climate,
water and ocean infrastructures and the development
of a wide range of multi-hazard services. Cg-18 also
decided to establish a Scientific Advisory Panel of
world leading experts to give strategic guidance for
WMO. In addition, it established a Research Board to
support Members in the science to services process.

WMO

CG-18 also approved a new Geneva Declaration for
coordinated engagement of the private sector in WMO
activities. A Technical Coordination Committee and
Policy Advisory Committee were set up to prepare
and streamline decisions of the Executive Council
and Congress.

The Seventeenth World Meteorological Congress in
2015 appointed Petteri Taalas as Secretary-General of
the World Meteorological Organization (WMO) and gave
him a strong mandate to reform the WMO governance
structure. Climate change, an increasing number of
disasters, population growth, urbanization, uneven
development of countries and new technologies were
the main drivers for the reform.1
Many United Nations agencies, including WMO,
have attempted to reform their constituent bodies
1

WMO Secretariat

The goal is to ensure that WMO remains fit-for-purpose,
becomes more nimble and uses its intellectual and
financial resources more cost-effectively. There is a
desire to engage more experts from the least developed
countries in core WMO activities. It was also decided
to organize an extra Congress in the middle of the
current WMO four-year cycle.
However, other big challenges lie ahead. One of the
most formidable relates to data sharing – a core tenet
of WMO that is once again under threat. International
cooperation under the (mostly non-governmental)
International Meteorological Organization (IMO), whose
origins date to 1873, and the (intergovernmental) WMO
was built on almost universal sharing of observational

3

WMO

WMO BULLETIN

Secretary-General Petteri Taalas met with UN Secretary-General Antonio Guterres at UN Headquarters in New York
on 6 March 2018.

data and scientific knowledge. Today, the WMO
community faces opportunities and threats from new
technologies – one of those threats is to the free and
open sharing of data. There is a need to re-examine
the policy foundations of current practices.
There is also urgency for action to bring down barriers
between public and private sector components of the
weather enterprise, scientific fields, policymakers
and society as a whole to ensure “that the best and
most effective services, forecasts and warnings are
provided” as per the Geneva Declaration. In order to
facilitate an open, constructive dialogue among all
players toward achieving this end, WMO launched
an Open Consultative Platform in June.
How the Platform will achieve this goal, the next steps
to be taken towards a greater integration of private
and academic sectors in the work of WMO and other
questions are answered by Secretary-General Taalas
in the interview below in which he outlines the way
ahead for his second term in office from 2020−2023.

The timeline for the reform transition is ambitious.
How do you plan to roll out the reform without
disrupting the work of WMO? Where do you start?
Taalas: Reform processes are always challenging. In our
case, we have been lucky to mobilize large amounts
of WMO Secretariat staff, as well as national experts
and directors, to design the transition process and to
ensure the success of the reform.
In addition to what is outlined in the introduction,
the challenges ahead concern the reform of the
WMO Secretariat structure and working practices.
The Secretariat structure and staffing are supposed
to be finalized by the end of 2019. Cg-18 tasked me
as Secretary-General to streamline, modernize and
improve the efficiency of administrative work. WMO
has already advertised and selected a top management
team. Broader job descriptions will be drafted, where
necessary, for professional staff members and rotation
will be encouraged.The use of administrative resources
will be more centralized, and administrative staff

4
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will be offered new duties following technological
advancements.

of WMO expertise and to support Members in the
developing and least developed countries.

What are the main hurdles you foresee in implementing
the reform into the structure and culture of WMO?
How will you tackle these?

Are there other challenges that you would like to
address in your next term?

Taalas: In addition to changing the constituent bodies
and Secretariat structures, it is essential to pay attention
to the cultural changes. There is a chance to promote
the Earth System, multi-hazard services and seamless
predictions on all scales, where weather, climate, water,
oceans and atmospheric composition are handled in
unity instead of in silos. Those wider perspectives are
great opportunities for the whole WMO community
as well as for individual experts.
Organizations and individuals are resistant to change.
Four years is a short period to anchor changes in order
to avoid WMO slipping back into its old silo mentality.
What tactics and tools will you use to achieve longlasting change?
Taalas: The whole process has been run as a large
community effort. The enthusiasm and commitment
of WMO staff and Members has been impressive. I
am convinced that no one will want to turn back once
they have started to enjoy the fruits of the reform
processes.The demand for weather, climate and water
expertise, services and science is currently growing
considerably. Our new business models will offer us
great opportunities to respond to that demand.
Above we highlighted the data challenge, the breaking
down of barriers and other major challenges. How
will you address these in your next term?
Taalas: By widely engaging the Secretariat and Member
experts in the planning and implementation process,
which is already taking place. One of our challenges
and opportunities is to engage more experts from
all of the WMO Member States and Territories in the
work of the new technical commissions and research
bodies. That is one of the goals of the reform. Another
is to join forces with development partners, like the
World Bank, the Green Climate Fund and UNDP as
well as with sister organizations, such as WHO, FAO,
UNESCO, ICAO, IMO and UNEP, to enhance the impact

Taalas: The United Nations has been successful in
promoting a wide global development agenda: health,
crisis mitigation, education, economic growth, gender,
etc. Today, the main challenge for the UN is climate
mitigation and adaptation as well as population growth
control. WMO is the key player in climate mitigation
and adaptation inside the UN family.
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Copernicus Joining Forces
with WMO on GFCS
By Erica Allis1, Jean-Nöel Thépaut2, Carlo Buontempo3, Rupa Kumar Kolli4, Wilfran Moufouma Okia5,
Berit Arheimer6, Abdu Ali7, Joni Dehaspe8 and Christian Birkel9

The Global Framework for Climate Services (GFCS)
provides a basis for the structured and coherent framing
of the science, data, operations and applications
fundamental to transitioning to a climate smart and
resilient society. It enables better-informed management
of the risks of climate variability and change and
adaptation to climate change. This is accomplished by
developing, providing and incorporating science-based
climate information into planning, policy and practice.
The Framework addresses the critical elements required
for effective coordination, co-design, dissemination and
uptake of weather, climate and hydrological services.
It places the decision context and information needs
of people at the centre and champions interactive
user engagement to foster trust and enable riskinformed decision-making. The GFCS is comprised of
five foundational “pillars” across which investments
and coordination at global, regional, and national
levels underpin service delivery: 1 2 3 4 5 6 7 8 9
•
•
•
•
•

User interface platform,
Observations and monitoring,
Climate Services Information System (CSIS),
Research, modelling and prediction, and
Capacity development.

1

WMO Secretariat

2

European Centre for Medium-Range Weather Forecasts
(ECMWF), Reading, UK

3

ECMWF

4

International CLIVAR Monsoon Project Office, Pune, India

5

Climate Prediction and Adaptation Branch, WMO Secretariat

6

Swedish Meteorological and Hydrological Institute

7

Centre Régional AGRHYMET, Niger

8

Helmholtz Centre for Environmental Research, Germany

9

University of Costa Rica

WMO, whose 193 Member States and Territories are
the custodians of the operational Earth observation
and modelling infrastructure, is a coordinating partner
in the implementation of the GFCS. Collaboration
among other partners is essential in delivering on
the Framework’s vision of improved resilience and
development outcomes for vulnerable members of
society. This article explores a few of the challenges
in the implementation of the GFCS pillars and
highlight existing and potential opportunities for
collaboration between WMO, its Members, partners,
and the Copernicus Climate Change Service (C3S)
to enhance and scale GFCS implementation. It also
outlines a few issues for further consideration that
require immediate attention.

User interface platform (UIP)
The decision context and information needs of
users in climate-sensitive sectors lie at the heart of
effective climate services. A successful climate service
is provided not when the delivery reaches the last
mile, but when the delivery is co-planned in the very
first mile10. Information needs to be tailored to reach
the right person in the right form at the right time.
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’ decision-making.11
10

Vogel, C. et al (in press). Climate Services in Africa: Re-imagining an inclusive, robust and sustainable service. Climate
Services.

11

Allis, E. et al. 2019: The Future of Climate Services. WMO
Bulletin, 68(1).
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In November 2014, the European Union (EU)
entrusted the European Centre for MediumRange Weather Forecasts (ECMWF) to implement
C3S, which became operational in 2018, four
years after its launch. It serves as a major
contribution from the EU to the GFCS.
C3S is part of the EU’s Copernicus programme,
which includes six core thematic services:
Atmosphere Monitoring, Land Monitoring,
Marine Environment Monitoring, Emergency
Management, Security and Climate Change.
C3S integrates observations of the climate
system (in-situ and satellite data12) and makes
global datasets of the atmosphere, land, ocean,
sea-ice and carbon accessible in the public
domain through the Climate Data Store. This

The multiple interfaces of stakeholder interactions
comprise the UIP. Partner organizations play important
roles in mapping out the decision-contexts, information
needs and facilitating co-design processes. Partners
are also critical in the collection12and sharing of
observational and socio-economic data required to
achieve impact oriented forecasts. WMO technical
12

Copernicus, 2019. Data Access (Website) Retrieved October
22, 2019, from copernicus.eu/en/access-data.

portfolio includes a wide range of Essential
Climate Variable (ECV) datasets, and global
and regional reanalyses products (gridded;
homogenized station series; reprocessed
Climate Data Records). This access to highresolution global datasets can serve as useful
inputs to a wide range of user-targeted climate
information and prediction products on global,
regional and national scales.
C3S Sectoral Information System aims to improve
decision-making and planning regarding climate
risk management as well as climate change
mitigation and adaptation. In Europe, it serves
as the basis for many tailored services for public,
policy and commercial needs.

regulations outline standards to ensure a constant
supply of quality-assured and quality-controlled
observational data. Socio-economic data from
the climate sensitive sectors similarly needs to be
standardized and quality controlled to enable reliable
and decision relevant climate services.
The climate service landscape is busy and complex with
a variety of stakeholders. Despite excellent intentions
of development programmes, recent research in Africa
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Structures of governance – as arbiters and promoters
of transparency, accountability, and thus potential
trustworthiness of the climate services – are necessary14.
National/Regional Frameworks for Climate Services
(N/RFCS) offer a promising solution for climate
service governance. NFCS can enable coordination,
facilitate and strengthen collaboration among national
institutions and other key stakeholders, such as the
United Nations and international agencies, to improve
the co-production, tailoring, delivery, and use of
science-based climate services.
Thirty-six countries have or are in the process of
developing their NFCS and ten would like to initiate
the process. Development of RFCS will launch in 2020
through funding from the European Commission in
the African, Caribbean, and Pacific regions. However,
to maximize and better articulate the economic and
social value potential of climate services, attention
needs to be placed on the roles and responsibilities of
the monitoring and evaluation process of all potential
stakeholders.15

The role of C3S
C3S has developed an Evaluation and Quality Control
function that supports gathering user requirements
to promote and guide service evolution. There are
opportunities to explore leveraging this feature to
consolidate the user requirements gathered through
the N/RFCS as part of GFCS implementation.
There are challenges in GFCS implementation
related to the systematic collection of quality assured

socioeconomic datasets in the GFCS priority areas
and monitoring the socioeconomic impacts of climate
service use. Lessons learned from proof-of-concepts
conducted under C3S in Europe could prove useful
in developing principles for how we compile, share
and merge climate and socioeconomic impact data
in designing climate services and monitor impacts.16

Observations and monitoring

European Space Agency

notes that the political economy and power relations
in climate services production, along with the daily
lived realities of vulnerable user communities, are yet
to be fully explored in the design of climate service
initiatives.13

7

Reliable meteorological and hydrological analyses
and forecasts depend on a constant supply of qualityassured and quality-controlled global observational
data. Gaps in observations in one area negatively
impacts the quality of the forecast across the entire
globe. Data, together with the systems and regulated
processes by which they are measured, collected,
compared, shared, processed and applied, are
fundamental to WMO.17
Since the early 1960s, WMO has coordinated
the acquisition and international exchange of
meteorological observations through the World Weather
Watch (WWW) Programme. WWW is comprised of the
following components:
•

13

Vogel, C. et al (in press). ibid.

14

Kruczkiewicz A, Hansen J, Sayeed S, Furlow J, Rose A, Dinh
D. 2018. Review of Climate Services Governance Structures:
Case Studies from Mali, Jamaica, and India. CCAFS Working
Paper no. 236. Wageningen, Netherlands: CGIAR Research
Program on Climate Change, Agriculture and Food Security
(CCAFS). Available online at: www.ccafs.cgiar.org

15

World Meteorological Organization. 2011. Valuing Weather
and Climate: Economic Assessment of Meteorological and
Hydrological Services. WMO-No. 1153. Geneva, Switzerland.

Global Observing System (GOS), which coordinates the standardized collection and international
exchange of meteorological and environmental
observations worldwide in support of weather,
climate and environmental services.

16

Allis, E. et al. 2019: ibid.

17

Barrell, Sue. 2019: Data and Systems Perspective on Constituent Body Reform. WMO Bulletin, 68(1).
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•

•

Global Telecommunication System (GTS), the
system that enables Members to share data and
products with each other in real time in support
of operational forecasting.
The Global Data-Processing and Forecasting
System (GDPFS) is organized as a three-level
system: World Meteorological Centres (WMCs),
Regional Specialized Meteorological Centres
(RSMCs) and National Meteorological Centres
(NMC) that provide quality-assured, processed
data, analyses, and forecast products on a wide
range of temporal and spatial scales.

The evolution of data, technology and the scale of the
present societal challenges related to our changing
Earth system demanded dramatic changes in the
governance and programmatic structures of WMO.The
modalities of reform were agreed at the Eighteenth
World Meteorological Congress (Cg-18) in June 2019.
The update of the Earth observation network will be
accomplished through the WMO Integrated Global
Observing System (WIGOS). WIGOS provides an
over-arching framework for the coordination and
optimized evolution of existing observing systems,
which will continue to be owned and operated by
a diverse array of organizations and programmes.
WIGOS will consolidate all in-situ and space-based
observing programmes of WMO, including the GOS,
Global Climate Observing System (GCOS), World
Hydrological Observing System (WHOS), Global
Atmosphere Watch (GAW) and Global Cryosphere
Watch (GCW). The implementation of WIGOS will
be scaled through development and operational
implementation of the Global Basic Observing Network
(GBON), with electronic metadata inventories for all
observing platforms, along with quantitative tools to
monitor their data delivery and data quality.
The update of the GTS will be accomplished through
WMO Information System (WIS) Version 2.0. WIS built
on and incorporated GTS, adding a data catalogue,
data discovery portal and additional mechanisms for
users to subscribe to and download data. WIS 2.0
will further improve data discovery and access, and
participating centres will provide Web services that
enhance user access and interaction with data. Cloud
technologies will be encouraged among participating

centres, which allow users to download aspects of
interest in the datasets.
Cg-18 also endorsed the next evolution of the GDPFS18.
The operational predictive capability will be integrated
across multiple time and space scales from weather
to climate and will address a broader spectrum of
user needs. This “Seamless” approach will enable
exchange and use of data from a variety of sources,
including vulnerability and exposure data to facilitate
impact-based forecasting and risk-based warnings
across disciplines. Interoperability will require the
development of common data formats for new
technologies. The seamless approach will demand
higher level of coordination for the integration and
interaction of individual components under WMO
auspices – WMC, RSMC, NMC and CSIS – and with
external agencies and organizations.

The role of C3S
The C3S Climate Data Store offers insight into
the implementation of the emerging cloud-based
computing technology. It provides web-based access
to, and interaction with, petabytes of existing climate
datasets. The application code executes on a cloud
infrastructure with high-speed access to massive
volumes of data19. This platform could be leveraged
in regions and by Members where cloud technologies
are limited in practice and functionality.

Climate Services Information System
CSIS is the “operational backbone" of the GFCS. CSIS
is the principal mechanism through which information
about climate across timescales – past, present and
future – is archived, analysed, modelled, exchanged,
delivered and co-designed for use. The system builds
on knowledge generated from the WMO Commission
for Climatology (CCL), GDPFS, and approaches
developed through the WMO Climate Information
and Prediction Services (CLIPS) project (1995-2015).

18

WMO. Congress Eighteenth Session. Geneva, Switzerland:
World Meteorological Organization, 2019.

19

Wardle, J. and Tandy, J. 2019: Data sharing for Sustainable
Development: the WMO Information System (WIS) 2.0.
WMO Bulletin, 68(1).
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CCL was established in 1929 “to provide world
leadership in promoting expertise and international
cooperation in climatology.”20 The Commission helped
establish observing requirements for climate, the
technical regulations for climate data exchange and
climate data management systems, and led efforts in
data rescue – all essential to enable CSIS.
CLIPS was instrumental in facilitating the use of WMO
basic infrastructure to strengthen NMHSs capabilities
in operationally generating and delivering up-to-date
climate information and prediction products for climate
services, especially in support of climate adaptation
and risk management. It supported the development
of global and regional systems architecture, mainly
through WMO Global Producing Centres for Long
Range Forecasts (GPCs-LRF), Regional Climate Centres
(RCCs), and Regional Climate Outlook Forums (RCOFs).
The GPC-LRFs, GPCs of Annual to Decadal Climate
Prediction (GPCs-ADCP) and the RCCs constitute
integral components of the GDPFS, which underpins
the generation of climate information products by the
NMHSs.There are currently 13 operational GPCs-LRFs,
one Lead Centre on LRF Multi-Model Ensembles (MME),
three operational GPCs-ADCP, one Lead Centre on
ADCP, nine designated RCCs and three RCC- Networks,
along with twenty RCOFs actively supported by WMO
and regularly convened by Members.

The role of C3S
At present, regional and national entities have access
to global products, but require support in identifying
the most robust signals and assessing information
reliability and the likely future states of the climate.
There is a role for enhanced collaboration between
WMO and C3S in CSIS implementation at the regional
and national scales. Supporting Members in evaluating
multiple sources of information and to identify which
products offer good skill for the parameters of interest
and ensuring regional coherence in dealing with
common climate drivers is an ongoing operational
requirement.The RCOFs provide a useful venue for this
20

CCL was established under the auspices of the International
Meteorological Organization (IMO). World Meteorological
Organization (WMO) was incorporated in 1950 as a Specialized Agency of the United Nations, and the successor
to IMO and continued the work of CCL (see https://library.
wmo.int/doc_num.php?explnum_id=5116).

9

exchange at the regional level, with technical support
provided by the concerned RCCs. At the national
level C3S, WMO RCC and NMHS collaboration could
leverage National Climate Outlook Forums (NCOFs)
and the “Climate Services Toolkit”21 to enhancing
physical access to a wide number of countries to CSIS
related climate data, tools and products, e.g. through
EUMETCAST or other media.
One area of successful collaboration between WMO
and C3S on GFCS implementation is data rescue. The
WMO community has fostered data rescue activities
worldwide through the implementation of the GFCS
International Data Rescue Portal (I-DARE)22. I-DARE
provides guidance and support for national data
rescue over data sparse areas, activities that have
scaled up through a partnership with the Copernicus
Data Rescue Service (DRS). The goal is to facilitate the
recovery of meteorological observations worldwide
by complementing the GFCS/I-DARE portal to discover
and register either DARE projects, individual datasets
or provide new tools to scan data sources, digitize
observations and quality control entries.

Research, modelling and prediction
This pillar fosters research towards continually
improving the scientific basis of climate information,
and provides an evidence base for determining the
physical basis for the nature and impacts of climate
change and variability and for evaluating the costeffectiveness of using climate information. GFCS
implementation has been advanced substantially
through the joint WMO/UNESCO-IOC/International
Science Council World Climate Research Programme
(WCRP), which has made breakthrough contributions to
advancing climate science over the last four decades.
Gaps in GFCS implementation include impactorientated research in climate sensitive sectors – for
example, health assessments on heat thresholds. Large
gaps also remain in the core technical and scientific
capabilities required in model development to meet
the new agendas of seamlessness across weather,
21

WMO, 2019. Climate Services Toolkit (Website) Retrieved
October 22, 2019, from http://www.wmo.int/cst/.

22

WMO, 2019. Climate Services Toolkit (Website) Retrieved
October 22, 2019, from http://www.wmo.int/cst/.
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ECMWF

ECMWF

10

climate and Earth system science, of high resolution,
fully coupled, Earth system modelling, and the advent
of exascale computing23. Improving skill for subseasonal to seasonal time scales as well as annual to
decadal forecasts and projections of long-term future
climates, including human impacts, is an ongoing
requirement for climate-informed decision-making.
Enhanced and sustained linkages between Members,
RCCs and research communities is anticipated to
expedite the application of research advances in
operational weather and climate services. Linkages
with the ECMWF through C3S could be useful in this
regard.

effective climate services is the implementation of
WMO competency framework25 for the provision of
climate services that ensures standardization of service
quality and delivery.

•

accessing data, products and tools already available
from WMO centres and C3S, and interpreting them
into services for stakeholders in their countries

Capacity development

•

to prepare action plans for the NFCS for increased
capacity to generate relevant data, products and
services.

The GFCS aims to develop the capacity of countries
to generate, deliver and apply climate services, and
recognizes that all aspects of its foundational pillars
need an explicit focus on capacity development. The
GFCS Implementation Plan outlines the following
capacity development areas: governance, management,
human resources development, education and
training, leadership, partnership creation, science
communication, service delivery, resource mobilization
and infrastructure 24. Key to the development of
23

Slingo, J. 2019: Review of the World Climate Research
Programme: Setting the Agenda for 21st Century Climate
Research, WMO Bulletin, 68(1).

24

WMO. Implementation Plan of the Global Framework for
Climate Services. Geneva, Switzerland: World Meteorological
Organization, 2014.

WMO has long promoted the “twinning” of NMHSs who
have advanced their climate services implementation
with those wishing to do the same. WMO and C3S
collaboration could expand twinning arrangements
to better enable NMHSs:

Many of the advanced NMHSs that would be (and in
many cases already are) engaged in these twinning
arrangements are from Europe.
C3S has access to experts to develop the content
for training, as does WMO through its technical
commissions and programmes. WMO can support
delivery of training through its network and regional
training centres, whilst C3S can focus on the
development of the training material and concepts,
based on the wealth of data, tools and services. C3S
25

WMO. Executive Council Sixty-Eighth Session. Geneva,
Switzerland: World Meteorological Organization, 2016.
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Regional Climate Outlook Forums (RCOFs)

Many WMO Members use RCOFs as the primary
platform for developing user-driven climate services
and products at regional level.The RCOFs facilitate
knowledge transfer and regional collaboration and
networking between climate service providers,
experts, user-sector representatives. Since the
late 1990s, RCOFs have evolved in the different
regions, depending on the needs and capabilities
of the concerned region. But, their persisting
value is in bringing multiple stakeholders from
entire regions together to mainstream regionally
consistent approaches to climate prediction and
to facilitate assessment of the potential impacts
on relevant socio-economic sectors.

can also contribute resource persons for climate
services training activities as well as training the
trainers activities.The WMO Global Campus can serve
as a basis for coordination.

Considerations
C3S’s unfettered access to data, tools, and services
has enabled an emerging climate services market,
which does not necessarily revolve around NMHSs.

RCOFs are key instruments in the implementation
of the CSIS pillar, and constitute a reliable source
of state-of-science climate information. At the
Ninth Session of the Mediterranean Climate
Outlook Forum (MedCOF), jointly organized by
WMO and ECMWF in Croatia in November 2017,
ECMWF experts engaged with climate experts
and stakeholders in Southeastern Europe and
presented an array of C3S products.
C3S offers the possibility to rapidly evaluate and
quality control products based on user interaction
and feedback, which could be further leveraged.

This presents a number of important considerations for
WMO Members and the community at large. Decisions
taken at Cg-18 outline a path forward.
Congress established an open consultative platform
“Partnership and innovation for the next generation
of weather and climate intelligence” (Resolution
79) and the “Geneva Declaration 2019: Building
Community for Weather, Climate, and Water Actions”
(Resolution 80). Both recognize the opportunities for
all stakeholders and the broader user community
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The C3S AGRHYMET case
Seasonal hydrological forecasts have been part of
the annual activities of the AGRHYMET Regional
Centre in West Africa for more than 20 years. As
part of a C3S demonstration project coordinated
by the Swedish Meteorological and Hydrological
Institute, C3S data was used as an input to a
hydrological catchment model (HYPE) model.
The methodology will be further developed
and evaluated for use in annual hydrological
seasonal forecasting in West Africa, to facilitate
the estimation of cumulative rainfall in the rainy

season (May to November) and associated anomaly
estimations, and hydrological climatologies and
seasonal anomalies for the main river basins
(Niger, Volta, Senegal Basins and Lac Chad). The
stakeholder meeting with the clients – the NMHSs
of the Niger River Basin: Burkina Faso, Mali, Niger
and Nigeria – reported that the use of seasonal
climate data for hydrological rainfall-runoff
modelling better responded to user needs than
the previously used empirical statistical methods
of seasonal hydrological forecasting.

that result from a closer collaboration among public,
private and academic sectors. The decisions support
the evolving role of WMO as a facilitator in establishing
and expanding partnerships among stakeholders,
from public, private and academic sectors that
will significantly improve the availability of highquality weather, climate, water and other related
environmental information and services. They also
recognize the role of WMO in the development and
promulgation of international standards to ensure the
quality, interoperability and fit-for-purpose information
and services, and in promoting the adherence by all
stakeholders to those standards.

While a vast quantity of GFCS-relevant climate data
is available worldwide, their large heterogeneity in
terms of structure and quality control inhibit their
use. C3S, on the other hand, offers a vehicle to
operationalize WMO resolutions that enhance the
free and unrestricted exchange of meteorological,
hydrological and climatological data and products and
enable access to the international infrastructure and
facilities coordinated by WMO through its programmes.
However, pursuit of this approach would require the
recognition of the role NMHSs play in monitoring,
understanding and predicting weather, climate and
water forecasts and services.

Furthermore, the decision on “Data Policies and
Practices Supporting Members” (Resolution 56)
recognizes the WMO cascading data processing and
forecasting system, emerging data and supply chain
decisions, and the need to define national mandates
and policies in relation to weather, climate and
water data and services. It also highlights the need
to reimagine what high-impact services might look
like. It supports expanding the concept of impactbased services into an integrated services approach,
where publicly-funded-data is freely accessible and
integrated with data from sector-based sources to
develop more context-relevant and actionable services
that benefit users.

C3S and Member partnership arrangements should
acknowledge that outside Europe, C3S relies heavily
on satellite data and does not offer climate services
at the local spatial scale required to support decisionmaking. National data is critical for C3S to be relevant
in a number of contexts. Partnership agreements
should acknowledge this contribution and ensure
joint branding in services to better ensure national
ownership as well as long-term sustainability.
It is also essential to recognize that the implementation
of past Congress resolutions related to the unrestricted
exchange of GFCS-relevant data remains inadequate .
A critical examination of the root causes should serve
as the basis to strategize an effective approach to
support cultural change. Possible solutions include
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supporting Members in developing national legislation
that recognize NMHS roles and responsibilities in
delivering on resilience and adaption priorities and
contributing to a number of internationally agreed
global goals and frameworks. This could include joint
branding and marking on all WMO (Member) data
used to develop services. Engaging social scientists
in the change process could help in framing and
understanding the roles and responsibilities and
ensure documentation of the evidence base required
for systemic cultural change.
Cg-18 gave clear directions on the need to review and
update WMO data policies to take into consideration
the current dynamics of the weather and climate
enterprise with an ever growing role and engagement
of private and academic sectors. Such a review is
envisaged to inform the decisions of the next World
Meteorological Congress extraordinary session in 2021.

GFCS Future outlook
Following the midterm review of the GFCS in 2017, WMO
is strengthening partnerships to position the GFCS to
structure the science, data and operations coherently
to meet the climate crisis and the internationallyagreed goals set out in the United Nations Sustainable
Development Goals, Paris Agreement on Climate
Change, Sendai Framework for Disaster Risk Reduction,
The New Urban Agenda of Habitat III, and many more.
WMO looks forward to working with Members and
partners like ECMWF/C3S to ensure the best available
science meets the demands of those most in need in
a format that enables action.
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Sustainability of Atmospheric
Observations in Developing
Countries
By Paolo Laj1, Marcos Andrade2, Ranjeet Sokhi3, Claudia Volosciuk4 and Oksana Tarasova4

Climate change and air pollution have negative impacts
on several aspects of human activities, especially
on health and economies. Environment-related
hazards – extreme weather events, failure of climatechange mitigation and adaptation, natural and humanmade disasters, water crises, biodiversity loss and
ecosystem collapse – have ranked as the top global
risks for three years running in the World Economic
Forum’s Global Risk Perception Survey. In the 2019
Survey, these risks accounted for three of the five
most likely to occur and four of the five risks with
the highest potential impacts. It is more urgent than
ever, that WMO provides, as per its mandate, the best
available weather, climate, water and environmental
science and expertise as the foundation for mitigating
these risks as well as for sustainable and resilient
development.1 2 34
Long-term atmospheric measurements are key
to delivering on this mandate. The past decade of
intensive research on atmospheric composition, health
and climate has closed many scientific gaps. It is now
possible to develop information products adapted to
a variety of policy-relevant applications such as the
identification of pollutant emission sources, production
of reliable air quality forecasts and evaluations of the
effectiveness of emission reduction policies.
In order to meet the needs of user communities working
on the diverse impacts of atmospheric composition on
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climate, human health, food security and ecosystems,
the development of modelling tools has to be tailored to
specific applications. Models need to be compared with
measured atmospheric composition to be improved
and validated. Observational data on the atmosphere is
also needed for model initiation and data assimilation.
Therefore, the availability and sustainability of data
of known quality in terms of precision, accuracy and
representation is of paramount importance to support
improvement of modelling tools and applications.Yet,
important observational data are missing, especially
in developing countries.

Relevance in achieving global goals
Parties to the Paris Agreement on climate change
have agreed to work towards limiting the global
mean temperature rise to well below 2 °C above preindustrial levels. Changing atmospheric composition
is an important driver of climate change. For instance,
on the global scale, changes in concentrations of
long-lived greenhouse gases (GHGs), such as carbon
dioxide, have contributed to global warming, whereas,
on the regional scale, compounds with shorter lifetimes
enhance or slightly reduce global warming.
Atmospheric pollutants are also responsible for
poor air quality, which causes an estimated seven
million premature deaths every year (World Health
Organization, 2016). Even small amounts of air
pollutants can have serious impacts on human
health. Fine particles are particularly harmful due to
their ability to penetrate deep into lungs and blood
streams. At the first World Health Organization (WHO)
Global Conference on Air Pollution and Health in
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Figure 1: Global distribution of GAW stations from the GAW Station Information System (GAWSIS). GAWSIS is the
official catalogue of GAW stations and Contributing networks. It provides the GAW community and other interested
people with an up-to-date, searchable data base of metadata related to atmospheric composition measurements.

2018, participants agreed on the aspirational goal of
reducing the number of premature deaths from air
pollution by two thirds by 2030. Capability to predict the
evolution of atmospheric composition and its impacts
on human and ecosystem health starts with quantifying
emissions, as well as the transport, transformation
and deposition of gases and particulate matter, at the
relevant scale for policymaking. At the event, WMO
committed to improving the evidence of air pollution
levels and to providing tools for forecasting and
preventing acute episodes of air pollution.
A decrease in atmospheric pollutant concentrations is
the ultimate indicator of a successful policy to reduce
emissions, as demonstrated by the Convention on
Long-Range Transboundary Air Pollution (LRTAP).
To guide such policies, the observational gap in
developing countries needs to be bridged.

Atmospheric research infrastructure
In situ atmospheric observations are complex and
can involve multiple partners. Some are organized in
measurement networks, active at regional or global
scales, while others work almost independently. The
WMO Global Atmosphere Watch (GAW) is a unique
coordinating body for many of these networks,
promoting coherent measurement protocols and
standards, data interoperability, and unique access to
information and data. Although still far from the full
global level of standardization and interoperability, it
is evident that substantial progress has been made
in the last decade. GAW coordination has helped to
harmonize measurement techniques and observational
quality among networks worldwide, and to process
and provide access to data, implemented by different
organizations and programmes.
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Surface-based observations are complemented by
airborne and space-based observations that help
to characterize the upper troposphere and lower
stratosphere. Space-based observations provide
global coverage for many atmospheric parameters.
Nevertheless, they are not sufficient to provide
information with the required degree of spatial and
temporal resolution needed for many applications,
including those for scientific research, business
development and policymaking. While surface-based
observations remain indispensable for monitoring
atmospheric composition and are also required for the
evaluation of satellite-derived retrievals, the capacity
is lacking in many parts of the developing world.

series of recommendations were derived from the
presentations and follow-up discussions.

Currently, existing in situ observations are mainly
based on infrastructure operated at the national level
or by academic institutions at a smaller scale. They
are sustained in only a limited number of regions in
the world, resulting in an inadequate distribution.
While the current situation in Europe has improved
thanks to the establishment of long-term research
infrastructures such as ICOS, IAGOS or ACTRIS, global
coverage is lacking, with substantial gaps in Africa,
Latin America and large parts of Asia (see Figure 1).

Dialogue among stakeholders and representatives
from research would help in building awareness at the
user level and provide a platform to articulate the needs
and demands of users in terms of the observations
and information on climate and air quality that are
required. Awareness may initially arise from the
demand for specific information or application of high
interest to a country. Providing information in response
to this specific demand can stimulate dialogue and
extend the interest and support for other services
based on atmospheric observations − particularly
in developing countries, where such considerations
have been limited.

Although this may be due to difficulties making the
data accessible through World Data Centres, for many
areas of the world, the gaps are related to missing
observational infrastructure, particularly in emerging
economies. Reliable detection of trends in atmospheric
chemical composition requires long (>10 years), highquality records. Despite many initiatives, only a few
stations in under-represented regions have managed
to maintain operations for observing composition
changes over more than a decade (for example, see
the box on Chacaltaya station). Long-term funding
is required for such long-term measurements. This
represents a continued commitment, which is difficult
to achieve for many economies.

Key factors for sustainable observations
More than 50 scientists shared their experiences in
implementing the GAW strategy around the world at
a recent event on the Sustainability of Atmospheric
Observations in Emerging Economies. The following

Raising awareness and stimulating demand for
observations and information on climate and air
quality – of the kind provided by GAW at the user
level – are important. GAW observations are more
sustainable when embedded in an ongoing national
programme. Establishing climate platforms at the
national level that would link with potential users on
a sustainable basis would be beneficial. These may
include policy stakeholders, ranging from national to
municipal level, representatives from industry and
land managers.

Holistic partnerships should be catalysed. Participation
in GAW activities is often not restricted to a single
partner (such as a National Meteorological and
Hydrological Service (NMHS)), and much of the success
of GAW is due to its enlargement to include relevant
academic research communities. The academic
community in a country can be a powerful partner,
providing high-quality data, advance technology
and advise on the scientific context of atmospheric
observations. Moreover, it can articulate the importance
of GAW observations for environmental services and
motivate national support by raising awareness at
governmental agencies.
Examples of successful implementation are also linked
to regional approaches. Focused engagement in one
region rather than in a single country may be more
purposeful in relation to air pollution monitoring. WMO
plays a key role in connecting countries regionally,
ensuring that the various national initiatives in a
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particular region mutually enrich each other, and
make full use of established networks and contacts.
In addition, international collaboration is crucial to
success. A sound information and knowledge base
derived from high-quality climate data is essential
to tackle the challenges related to climate variability
and change. Systematic long-term monitoring of
the climate system is a fundamental prerequisite to
understand its change and the resulting consequences,
and a key factor in decision-making at all levels. Climate
data and information also have direct relevance to
policymaking in areas such as water management,
agriculture, disaster risk reduction, health and energy.
Long-term observations of GHGs and aerosol properties,
all considered Essential Climate Variables (ECVs), are
indispensable.
There was a clear view among participants, especially
those from emerging economies, that WMO must
continue to advocate for national stakeholders to
support ECV monitoring from ground-based networks
as part of a more global Earth Observation System.
WMO support was requested for explaining the local
benefits that monitoring atmospheric composition
changes will bring to a country, specifically those
related to socioeconomic impacts in the short and
longer terms.
The investment required for operating an observational
platform is substantial and does not end after equipment
installation. Development of autonomous samplers
and analysers, capacity-building and relocation of
observation capacity for specific species (such as
ozone) would be among priority actions. Existing
international cooperation, such as that with established
networks and data centres, should be sustained and
improved. It is also important that the international
community supports countries that do not have the
capabilities or the capacities to install and maintain
the observational infrastructure, and to perform the
relevant measurements, analyses and quality control.
Close collaboration among different partners such as
NMHSs, environmental protection agencies, universities
and research institutes will be key to success.
Uncoordinated investments have led to a fragmented
flow of projects funded by development partners, often
resulting in a patchwork of observation infrastructure
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and technologies that are impossible for NMHSs to
sustain (WMO, 2019, Resolution 74, Annex I).To address
WMO Strategic Objective 4.3, which calls for closing
the capacity gap on weather, climate, hydrological
and related environmental services through effective
partnerships (WMO, 2019, Resolution 1), the WMO
Country Support Initiative (CSI) was established
through Resolution 74 (WMO, 2019).The CSI will provide
advisory services aimed at increasing effectiveness of
investments in such services.
Continued integrated GAW training and capacitybuilding was unanimously called for by participants.
Capacity-building should not be restricted to the
technical dimension for maintaining operation
at monitoring stations, but also include a wider
level, to raise expertise in relation to science and
technologies, science management, adaptation
strategies, etc. It was seen as a prerequisite for partners
in developing countries with emerging economies
to be actively involved in seeking funding on the
national or regional levels, and through multilateral
development organizations and banks, engaged
in climate information and services. Participation
of women should be encouraged in general, and
especially in training and capacity-building activities.
An integrated approach would also target the affected
communities and includes empowering local people
to make effective use of the environmental information
and services provided.
Capacity development is one of the strategic priorities
of the WMO financial period 2020–2023. Within WMO,
the GAW Training and Education Centre (GAWTEC)
is the only regular training facility for atmospheric
composition observations. Since the first GAWTEC
training course in 2001, more than 400 trainees
from 76 different countries have been trained at the
Environmental Research Station Schneefernerhaus.
Current capacity-building activities also include
support for early career researchers to attend scientific
conferences and training schools. In 2019, a new
course, Seamless Prediction of Air Pollution: From
Regional to Urban, was offered as part of a new Africa
Initiative. This was developped in partnership with a
recent GAW activity on Air Quality and Meteorological
Predictions and Forecasting Improvements for Africa
(PREFIA).
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Participants arriving for their GAWTEC training (left) and participants during the GAWTEC 34th training session
which took place in October 2018.

Tailored implementation is the most sustainable
approach. A distributed set of research sites that
take the best possible advantage of the existing
infrastructure in other programmes would be most
cost-effective. Selection of the best location, measured
variables and operating models is often based on an
opportunity basis rather than a thorough scientific
evaluation.
It is critical that new observational sites are selected
and implemented to fill gaps in the global observing
system.This can employ similar mechanisms as those
that will be developed for meteorological observations
in the Global Basic Observing Network (GBON), which
represents a new approach where the basic surfacebased observing network is designed, defined and
monitored at the global level.
Beyond the atmospheric component discussed here,
sites for integrated measurements should be identified
for a global Earth observatory of 1 000 or more wellequipped ground stations that track environments and
key ecosystems comprehensively and continuously
(Kulmala, 2018). Priority sites for atmospheric and
integrated Earth system observatories should be
identified by expert teams involving local scientists
and organizations (Kulmala, 2018).

Providing generalized suggestions that recommend a
particular strategy is difficult as various options may
be developed and evaluated based on national laws,
contexts and circumstances, and local communities.
For example, in the European Union, the research
infrastructure is based on a common economic and
legal framework. Accounting for country- and regionspecific implementation, WMO is seen as a key actor
to help develop clear communication and outreach
strategies to ensure effective sharing of progress,
lessons learned, experience and knowledge across
all stakeholders and partners.

Role of research funding
Typical research funding cycles are much shorter than
the timescales relevant to study climate change or to
detect changes in pollutant concentrations resulting
from the implementation of air quality regulations.
Therefore, the research infrastructure required to
generate time series long enough to analyse trends
cannot be maintained through current research funding
calls. A different type of mechanism specifically
designed to address long-term changes with projects
that have a longer funding period is necessary.
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Project-based funding for initial research infrastructure
implies that a longer-term plan needs to be developed
to ensure continued operational observations beyond
the funding cycle. For example, the European Research
Infrastructure ACTRIS, including its quality assurance
and quality control protocols, has been initiated
through research funding. Established research
sites with core measurement capabilities and longterm knowledge about regional photochemistry,
meteorology, ecosystem properties and biosphere–
atmosphere exchange processes are a critical resource
for making and interpreting new measurements.
Beyond the scientific interest in trends, potential
synergies – and funding – exist with other agencies
that require information on the state of the atmosphere
based on long-term measurements.

Supporting atmospheric observations in
emerging economies
It is vital to work towards global coverage of groundbased atmospheric observations to provide high-quality
information on climate and air quality, particularly by
addressing gaps in the observational networks of
developing countries. Existing observational sites
should be taken into account in order to optimize
costs, while support should be provided to those
struggling to maintain observations. For selection
of new observational sites, a thorough scientific
evaluation of the best location, measured variables and
operating model to fill the gaps is required, rather than
basing new sites purely on emerging opportunities.
Large-scale coordinated effort and commitment by
multiple partners – including NMHSs, environmental
protection agencies, the research community and
multiple funding agencies – are essential to ensure
support of observations for climate and air quality.
Strong local and national support is key to success
for long-term commitment in a country.
Expert teams should involve local scientists and
organizations to develop a tailored implementation
approach that takes local circumstances into account.
Support of the international community is crucial for
capacity-building and implementation of standardized
quality assurance and quality control protocols. Advice
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can be obtained based on lessons learned from past
experiences.
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Mount Chacaltaya GAW station, the highest in the world.

The first key to success was the recognition of
host university UMSA and its Institute for Physics
Research to recognize that the Chacaltaya project
was strategic to its development and visibility.
UMSA has maintained long-term financial support
to keep the infrastructure, which runs in a harsh,
high-altitude environment. The second key factor
was the role of foreign research institutions. The
French Institute for Research and Development,
also established in the Plurinational State of
Bolivia, provided essential scientific, financial,
administrative and logistical support to Chacaltaya
station operations. Other research institutions and
universities in Europe and in the United States also
provided additional support, which was also critical
to the success of the operation.

Although economic and scientific impacts are
already measurable, a full economic model that
would ensure sustainability of the Chacaltaya
research platform is yet to be defined. Opportunities
exist such as integration of Chacaltaya into European
Research Infrastructure initiatives such as ICOS or
ACTRIS but commitment to long-term operations is
never trivial even in a successful capacity-building
story such as Chacaltaya.
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Changing Volatile Organic Compound
Emissions in Urban Environments:
Many Paths to Cleaner Air
By Isobel Simpson1 and Claudia Volosciuk2

Air pollution is the greatest environmental risk to
human health. Outdoor air pollution leads to more
than 4 million deaths each year, mostly in developing
countries (World Health Organization (WHO), 2019).
While air quality has improved in many countries
in response to effective emission control strategies,
other parts of the world continue to experience severe
or deteriorating air quality. Over 90% of the world’s
population live in cities that do not meet WHO air
quality guidelines, yet the most polluted areas of
the world often have the least amount of air quality
monitoring or alert systems (WHO, 2016; Kumar et
al., 2018). Strategies to improve air quality require
detailed knowledge of the components of air pollution
and how their emissions evolve over time. 12

Role of volatile organic compounds in urban
environments
Volatile organic compounds (VOCs) are one component
of air pollution containing a complex mix of hundreds
of carbon-containing gases (Lewis et al., 2000).
Table 1 lists some of the most common and important
VOCs in many cities. If concentrations in the atmosphere
exceed recommended limits, health risks include
exposure to VOCs themselves and to secondary air
pollutants formed through chemical reactions between
VOCs and other components. For example, VOCs react
with nitrogen oxides to form ozone and ultra fine
particles, a component of smog that affects human
health, vegetation and climate (WMO, 2018).
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Measurements and global modelling show that surface
ozone levels exceed recommended limits in many parts
of the world, especially in Asia (Figure 1). Oxidation
of VOCs also leads to formation of secondary organic
aerosols, which are an important component of fine
particulate matter or PM2.5 (Gentner et al., 2017; Guo
et al., 2017). Exposure to PM2.5 is another serious
public health concern (WHO, 2013). As the production
of ozone and secondary organic aerosol depends
upon the relative amounts of their precursor VOCs
and nitrogen oxides, emission reduction strategies
require a holistic approach that considers the interplay
among multiple components of air pollution (Lyu et
al., 2016; Zhao et al., 2017). Identifying which reactive
VOCs are most likely to form ozone and secondary
organic aerosols, then determining which sources are
primarily responsible for their emission, is a major
objective of air pollution research.

Successes and shifting volatile organic
compound signatures
Urban VOC emissions often represent a complex
mix of traffic, industry, solvents, waste burning and
other sources. Natural VOC emissions from plants
and trees also contribute to the urban VOC mix. Each
of these sources releases VOCs in a characteristic
signature or “fingerprint”. For example, isoprene is
a characteristic VOC emitted from broad-leaf trees,
while ethene is a combustion product associated
with vehicle exhaust (Table 1). Each city therefore
has a unique VOC fingerprint that reflects its major
sources. This fingerprint evolves over time as levels
of VOCs rise or fall in response to changing sources
or environmental regulations.
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Figure 1. VOCs are precursors to surface-level ozone (O3), a key component of smog. This graph shows surface
ozone concentrations in 2010 (annual average of 8 h daily maximum, in parts per billion (ppb)) based on chemical
transport models, with higher ozone levels indicated in red (Anenberg et al., 2018). WHO recommends an ozone
limit of 50 ppb for an 8 h mean. (Source: Reproduced from Environmental Health Perspectives with permission
from the authors.)

Table 1. Common VOCs in urban environments with their approximate atmospheric lifetimes and characteristic
sources. The compounds are ordered by their atmospheric lifetimes. Longer-lived species such as ethane and
propane are less reactive and therefore slower to form secondary products such as ozone.

For example, traffic is a major source of urban VOCs.
However, vehicle emission control technologies, such
as catalytic converters, have reduced VOC levels in
many areas of the world, especially in Europe, North
America and parts of Asia (Chang et al., 2017). Because
of such technology, vehicles in many countries now
emit only about 1% of the VOCs compared with 50 years
ago (Parrish et al., 2016). As a result, VOC and ozone
levels have steadily declined in many industrialized
cities in the past 50 years, despite an increase in fuel
sales and traffic fleet size (Figure 2). For example,

VOC levels have decreased by almost two orders of
magnitude in Los Angeles since 1960 in response
to early implementation of VOC emission reduction
measures (Warneke et al., 2012). Likewise, VOC levels
in London have declined rapidly since the 1990s
in response to emission reduction strategies (von
Schneidemesser et al., 2010).
Another strategy to improve air quality in cities is fuel
substitution. For example, many cities have shifted
their public transport systems from diesel-fuelled

buses and taxis to cleaner fuels such as liquefied
petroleum gas (LPG) or compressed natural gas (CNG),
or to options that do not contain fossil fuels such as
electric. While diesel fuels emit heavier VOCs such as
octane and toluene, cleaner fuels comprise lighter
hydrocarbons such as propane and butane in the
case of LPG, and methane and ethane in the case of
CNG (Kado et al., 2005; Guo et al., 2011; Gentner et
al., 2017). Therefore, fuel substitution can shift a city’s
VOC fingerprint towards lighter hydrocarbons, which
are less reactive and therefore slower to form ozone.
For example, the VOC fingerprint of Hong Kong, China,
has shifted from toluene-rich to butane-rich as diesel
was replaced by LPG fuel in taxis and light buses, and
as toluene levels were limited in dozens of solvent
products (Guo et al., 2017; Lyu et al., 2017).
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vehicle emission controls, it is becoming increasingly
important to understand the role of non-traffic VOC
sources on ozone and secondary organic aerosol
formation.

Azhar Siddique
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Air sampling at a landfill fire near Mecca, Saudi Arabia.

Ongoing challenges and solutions

Figure 2. Trends since 1960 of: (a) fuel sales in California,
(b) 1 h maximum ozone levels in the Los Angeles basin,
(c) selected VOCs near downtown Los Angeles and
(d) carbon monoxide (CO) in downtown Los Angeles
(Warneke et al., 2012). (Source: Reproduced from Journal
of Geophysical Research with permission from the
authors.)

As VOC emissions from traffic sources have decreased
in many cities, other VOC sources are emerging in
relative importance. Volatile chemical products – such
as pesticides, coatings and inks, cleaning agents
and personal care products – are now estimated to
comprise half the fossil fuel VOC emissions in the
United States of America and Europe (McDonald et
al., 2018). Markers for these products include VOCs
such as ethanol, acetone and toluene, and the emitted
VOCs can be important precursors to secondary
organic aerosols. Therefore, in cities with effective

While some parts of the world have successfully
reduced their VOC emissions, numerous challenges
remain. Many countries are still in the early stages
of establishing air quality standards and effective
regulatory frameworks. In addition, large areas of the
globe – many of which experience severe ozone and
particulate pollution – are still understudied. Robust
air quality monitoring programmes are essential for
understanding each city’s VOC fingerprint and its
evolution over time.
While measurement capability is established, limited
“snap-shot” field studies can provide valuable
information to guide policy. For example, a short field
campaign found that air in Lahore, Pakistan, one of the
world’s most polluted cities, was richest in ethene and
acetylene, which are characteristic tracers of vehicle
exhaust (Barletta et al., 2017). By contrast, air in Mecca,
Saudi Arabia, had unexpectedly high levels of isopentane, a tracer of gasoline evaporation, in addition
to vehicle exhaust tracers (Simpson et al., 2014).
Therefore, as well as establishing vehicle emission
standards in Mecca, simple technology to reduce
gasoline evaporation has also been recommended,
such as adding vapour recovery to fuel pump hoses
to reduce VOC emissions and exposure to fumes while
vehicles are being refuelled. In this way, emission
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Hong Kong, China, on a smoggy day and a clear day (licensed under Creative Commons). Emission reduction
measures in many cities seek to increase the number of “blue sky” days.

Other regions with established air quality monitoring
programmes have found a complex interplay between
rising VOC emissions in some sectors and declining
emissions in others. For example, there has been a
persistent growth of VOC emissions in China since
1990, despite declining emissions from the residential
and transport sectors since 2005 (Li et al., 2019). The
increase is associated with growth from industry and
solvent use, though this growth has been slowed
by effective control measures in the residential and
transport sectors, especially after China’s Clean Air
Action Plan was implemented in 2013. China already
has extensive VOC monitoring in the major source
regions – including the North China Plain, the Yangtze
River Delta and the Pearl River Delta – which provides
a solid foundation for evaluating the evolution of
Chinese VOC emissions (Guo et al., 2017).
Even when cities succeed in lowering their pollution
levels and improving their air quality, they can still
reach non-attainment for ozone and other pollutants.
Transboundary transport is an additional confounding
issue in some regions, for example, when neighbouring
areas have different levels of pollution or emission
control. The result is often a complex mix of local and

regional VOC source contributions that vary depending
on the weather, for example changing wind direction.
Unravelling the relative contributions of local and
regional pollution sources is another challenge of air
quality research.

Muhammad Akhyar Farrukh

reduction strategies can be tailored to each city
according to its unique VOC fingerprint.

Air sampling in the Kot Lakhpat industrial zone, Lahore,
Pakistan.

Path forward
Severe air pollution is an environmental and human
health concern in cities globally. Pollution reduction
is possible with existing technologies. Countries with
emerging air quality standards can draw upon the
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successes and challenges of other regions. Vehicle
emission control technology and the switch to cleaner
fuels have been successful in reducing VOC emissions
from traffic in many cities, despite an increasing fleet
size. As emissions from transport-related sources are
reduced, other VOC emissions may become more
apparent, such as VOCs associated with solvents
or other volatile chemical products. Simultaneous
programmes to target multiple VOC sources may
be appropriate, such as regulations aimed at traffic,
solvents or other sources.

WMO activities on urban air quality and
volatile organic compounds
WMO has signed up to the global commitment to
reduce deaths due to air pollution by two thirds by
2030. To deliver on this commitment, WMO works
towards improving the observational evidences of
air pollution levels and providing tools to prevent
acute episodes of air pollution.
The Scientific Advisory Group for Reactive Gases
of the WMO Global Atmosphere Watch (GAW)
coordinates global measurements, analyses and
research on trace gases including volatile organic
compounds (VOCs). This research is important
to increase the understanding of the emission,
formation, interaction and depletion of air pollutants.
While many activities are related to background
measurements (summarized below), research on
urban environments is also undertaken. The GAW
Urban Research Meteorology and Environment
Project focuses on developing improved air quality
forecasting systems and also contributes to a
broader urban services initiative being developed
at WMO. The WMO Guidance on Integrated Urban
Hydrometeorological, Climate and Environmental
Services articulates a vision to support sustainable
cities and communities, which has been identified
as one of the Sustainable Development Goals. WMO
fosters the development and implementation of air
quality forecasts and warnings, and partners with
the health sector and the WHO to provide integrated
weather, climate and environmental information.

To succeed at reducing ozone, all VOC mitigation efforts
should consider the complex interplay between VOCs,
nitrogen oxides and ozone. In addition to emission
reduction measures, robust air quality monitoring is
an essential component of air pollution management.
Long-term monitoring of common individual VOCs is
recommended for tracking changes in each city’s VOC
fingerprint in response to emission control strategies.
In the meantime, short-term surveys can provide initial
guidance as to which VOCs are most responsible for
ozone and secondary organic aerosol formation.

In the late 1990s, the atmospheric sciences
community suggested combining the different
observational capacities in GAW to facilitate data
access and improve data quality. The current VOC
background network contributing to or collaborating
with GAW comprises (Schultz et al., 2015):
•

A global distribution of observations derived
from weekly flask sampling where measured
VOCs include simple short chain hydrocarbons
(Helmig et al., 2016).This1VOC monitoring builds
on the National Oceanic and Atmospheric
Administration (NOAA) Global Greenhouse
Gas Reference Network and began in 2005. It
is currently not operational due to budget cuts.

•

Long-term flask-based observations since
1984, including short chain hydrocarbons and
halocarbons. The measurements are made by
the University of California, Irvine four times
a year (once per season) in a north–south
transect of sites in the Pacific and Americas
(Simpson et al., 2012).

•

Contributed data from the European Monitoring
and Evaluation Programme network, since the
early 1990s, including short chain hydrocarbons
(Tørseth et al., 2012).

•

Continuous in situ observations made at
Hohenpeissenberg (Germany), Summit
(Greenland), Pico Mountain (Portugal), Rigi
and Jungfraujoch (Switzerland) and Cape Verde
(Cabo Verde) GAW stations.
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From Atmospheric Observations
and Analysis of Greenhouse Gases
to Emission Estimates: a Scientific
Adventure
By Shamil Maksyutov1, Dominik Brunner2, Alistair Manning3, Paul Fraser4, Oksana Tarasova5 and
Claudia Volosciuk5

Accurate and precise atmospheric measurements
of major GHGs have revealed an increase in their
concentrations globally (Figure 1). However, the
concentrations of ozone-depleting substances, which
are also GHGs, have been decreasing in the past
decade, in response to the Montreal Protocol. The
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global network of GHG observations, coordinated by
the WMO Global Atmosphere Watch (GAW), provides
us with alerts of dangerous changes in the climate
system.

410
CO 2 mole fraction (ppm)

The effects of climate change are becoming more
evident. Governments are addressing the challenge
of climate change through international accords
such as the Paris Agreement in 2015. To evaluate
progress towards climate targets, governments have
adopted a process of national greenhouse gas (GHG)
emissions reporting following agreed protocols.These
protocols were established by the Intergovernmental
Panel on Climate Change (IPCC) and described in the
2006 IPCC Guidelines for National Greenhouse Gas
Inventories (IPCC, 2006). In May 2019, the IPCC Plenary
approved a Refinement to the Guidelines (in press),
which outlines the important role of atmospheric
observations and analysis to improve estimations
of national GHG emissions. The 2019 Refinement
describes key components and steps to be applied
when using atmospheric measurements and inverse
models for comparison with inventory estimates
(Chapter 6, Quality Assurance/Quality Control and
Verification).1 2 3 4 5
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Figure 1. Globally averaged carbon dioxide (CO2) mole
fraction based on observations from stations contributing
to the GAW Programme (Source: WMO, 2018)

Atmospheric GHG concentrations are a result of the
balance between sources and sinks (see Figure 2) and
are influenced by transport and mixing processes.
To limit global warming, it is important to quantify
the sources, as these can be controlled. However,
estimating emissions from atmospheric observations
is not a trivial task, as a relationship between the
concentrations at a given observation point and the
sources upstream needs to be derived.This relationship
is determined by atmospheric transport and can be
simulated by an atmospheric transport model. Doing
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Figure 2. Atmospheric concentrations of
GHGs are a balance between the sources
(what comes into the atmosphere) and
sinks (what is taken out from it). The
cumulative contributions to the global
carbon budget since 1870. The carbon
imbalance represents the gap in our
current understanding of sources and
sinks. (Source: Global Carbon Budget
2018, Global Carbon Project)

this accurately places high demand on the model
performance.
First attempts to use atmospheric observations to
estimate emissions of GHGs date back to the 1980s
(e.g. CFC-11, Fraser et al., 1983). These early studies
largely addressed global to continental scales relying
on coarse-resolution models and observations from
a sparse global network, primarily from the National
Oceanic and Atmospheric Administration (NOAA)
global flask sampling programme. Quantifying
emissions at large scales is essential, but it only
describes the net global emissions that determine
the increase of long-lived GHGs in the atmosphere.
However, these estimates provide little information
on individual sources and processes required by
policymakers, who need to take action at the national,
subnational or regional levels. With the expansion of
the observational network, especially in developed
countries, and the increasing capability and resolution
of atmospheric transport models, estimating emissions
at smaller national scales has become possible.
The atmospheric, carbon cycle and climate change
scientific communities have produced a number
of studies on the potential for atmospheric GHG
concentration measurements and model analyses
to evaluate and help to inform improved estimates

of GHG emissions (for example, National Research
Council (2010), Ciais et al. (2010), IPCC (2010)). These
studies concluded that a realization of this approach
would require additional investment in research,
increasing the density of well-calibrated atmospheric
GHG measurements and improving atmospheric
transport modelling and data assimilation capabilities.
The need for harmonization and documentation of
the methodologies for emission estimation from
atmospheric observations, as well as sharing of good
practices, led to the establishment of the Integrated
Global Greenhouse Gas Information System IG3IS
(WMO Bulletin 66 (1), 2017) at the Seventeenth World
Meteorological Congress in 2015.

Emission estimates to support national
inventories
The United Nations Framework Convention on Climate Change (UNFCCC), which entered into force in
1994, is now a nearly universal agreement with 197
participating countries. Parties to the Convention
were asked to “periodically update, publish and make
available (...) national inventories of anthropogenic
emissions by sources and removals by sinks of all
greenhouse gases not controlled by the Montreal
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Protocol.” Methodologies were not well defined at the
beginning, and countries were asked only to report to
the extent their capabilities permitted. Nevertheless,
many countries started to collect and report information on GHG emissions, though at variable levels of
detail and frequency.

gases, additional source-specific information can be
gained to support the validation of national emission
inventories beyond country totals. Observation-based
estimates can be particularly valuable for trace gases
with large uncertainties in their emissions.

With the Kyoto Protocol entering into force in 2005,
the communication of annual National Inventory
Reports (NIRs) became mandatory for all Annex
1 (developed) countries. Details were specified in
the 2006 IPCC Guidelines, which proposed a tiered
approach. The simplest, Tier 1, relies on default emission factors (EFs), while in the more detailed, Tiers
2 and 3, country-specific methods, data and models
can be incorporated. Another step forward was made
when the Paris Agreement introduced the provision
of NIRs by all signatory countries on a biennial basis.
Preparation and submission of a NIR poses a great
challenge for developing countries that have yet to
learn the use of the official reporting process.

Improvements in science
Emission estimates of national totals based on inverse
modelling techniques have greatly improved over
the last 20 years. Implementation of this approach
includes a combination of atmospheric observations
and modelling, and comprises four key components,
all of which have seen significant development over
this time frame:
1.

Atmospheric observations became much more
accurate, and more robust instruments are
now available. Furthermore, the frequency of
measurements and the number of observation
sites have greatly increased, with extended
networks being developed in many countries such
as Australia, China, Germany, India, Switzerland,
United Kingdom of Great Britain and Northern
Ireland, and United States of America. Furthermore,
satellite remote-sensing of GHGs has advanced
remarkably since the first measurements of CO2
and methane (CH4) total columns by SCIAMACHY
in 2002. Today, satellites such as GOSAT, OCO-2
and TROPOMI are providing observations with
accuracies that are sufficient to constrain emissions
at large regional scales. However, further
improvements in coverage, resolution, gases
observed and precision will be required to push
the limits towards the scale of individual countries
and emission hotspots. CEOS coordinates activities
related to Earth system observations from satellite
and develop the long-term strategies for their
evolution. In particular, they recently defined a
global architecture for monitoring atmospheric
CO2 and CH4 that includes the current state of
satellite-based GHG measurements and refers
to IG3IS as a common framework.6
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Developing a GHG emission inventory is challenging
because a wide range of information has to be used
depending on the types of source. Socio-economic, and
other, statistical data may not be available in sufficient
detail and in a timely manner. National emission inventories provide fine-grained information on individual
sources, which allow policymakers to assess their
relative share and design effective emission reduction
measures. However, the quality of these inventories
can be assessed only by checking for completeness
and compliance with recommended procedures. The
most relevant number in terms of climate change
effects, ie., specifically the total emissions per country,
cannot be assessed by independent means.
As atmospheric concentrations respond to the sum
of all emissions, observation-based estimates can
provide invaluable constraints on the total emissions
of a country. However, they are less suited to provide
information on individual source categories since
multiple sources and sinks interplay. In that sense,
inventories and observation-based estimates are complementary and should be used together to improve
and build trust in national emission estimates. With
dense observation networks and measurements of
auxiliary parameters such as isotopic composition
of greenhouse gases or concentrations of co-emitted
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Figure 3. UK emission estimates
of HFC-134a. Inventory reported
values: purple 2013 submission;
black, 2019 submission. Inverse
modelling (InTEM) estimates:
blue, using one observation
site; orange, using three
observation sites; green, using
four observation sites.
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Time-evolving three-dimensional meteorology
has seen significant advances through improved
data assimilation, increased computing power,
better representation of atmospheric processes
and higher spatial resolution. For example,
the horizontal resolution of operational global
weather forecast models has evolved from 80
km 20 years ago down to between 9 km and
20 km now, with similar improvements in the
vertical dimension.

3.

Transport models, which are driven by these
three-dimensional meteorological fields have
matured considerably through applications in a
multitude of research projects. They are now able
to use more meteorological parameters at higher
spatial and temporal resolution than previously.
Furthermore, online integrated models, which
compute the meteorology and the transport of
GHGs simultaneously and consistently within the
same model, have been developed.

4.

Inverse models, which integrate the information
from the observations and the atmospheric
transport models, have seen important changes
with improved use of advanced algorithms
optimally combining information from atmospheric
observations with knowledge on distribution of
emissions.

Country examples
United Kingdom
To assess the quality of the emissions reported in
the national inventory, the UK uses a completely
independent method (described in Arnold et al., 2018)
for deriving its GHG emission estimates that relies
upon a combination of atmospheric observations
and inverse modelling. The results are reported
annually in the UK NIR to UNFCCC. The UK uses the
significant differences in the emissions inventory and
the observation-based estimates to identify areas
of the inventory worthy of further investigation. Its
network of observation sites, called the UK DECC
(Deriving Emissions related to Climate Change)
(Stanley et al., 2018), consists primarily of tall tower
telecommunication masts equipped with state-ofthe-art observation equipment. These measure CO2,
CH4, nitrous oxide (N2O), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), sulphur hexafluoride (SF6)
and nitrogen trifluoride (NF 3) at high frequency,
precision and accuracy.
A recent example of how the observation-based
emission estimates have been used to inform the
traditional inventory estimate is demonstrated in
Figure 3. In the UK Inventory Report of 2013, the
annual emission estimates for HFC-134a (purple bars),
a gas predominantly used in mobile air conditioning
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Figure 4. Switzerland’s CarboCount CH
measurement network, established in 2012
to measure CH4 and CO2. At Beromünster,
additional instruments were installed in 2016
and 2019 to measure N2O and synthetic GHGs,
respectively. (Source: Oney et al. 2015)

and, to a lesser extent, as an aerosol propellant,
were consistently higher by more than 50% than the
observation based estimates (blue and orange lines)
from 1998 onward. This result motivated the UK to
commission an industry expert to review the UK HFC134a inventory estimates. As a result, the inventory
estimate has been revised and moved nearer to the
inverse modelling estimates, as seen by the black
bars in the figure. There is still work to be done to
close the gap entirely.

Switzerland
In 2012, Switzerland set up a GHG observation network
with one tall tower and additional sites on hilltops
and smaller towers (see Figure 4, Oney et al., 2015).
Together with the long record of observations at the
high Alpine site Jungfraujoch, these measurements
were used to estimate Switzerland’s CH4 emissions,
which were found to be consisten with the national
inventory (Henne et al., 2016). Since 2016, these
estimates have been reported annually in an Annex
of the Swiss NIR to UNFCCC.The consistency has been
confirmed for all years investigated so far (2013–2017).
Additional measurements of N2O were established
in 2016, and a first estimate derived from these
measurements was published in the 2019 Swiss NIR. It
suggested that N2O emissions, in contrast to CH4, may
have been underestimated by up to 30%. However,
due to the large uncertainties in the inventory and the
observation-based estimates, the difference was not

statistically significant, and more years of observations
will be needed to corroborate these differences.
Since observations of HFCs and other synthetic
GHGs are available only at Jungfraujoch, a simpler
interspecies correlation method, not requiring any
atmospheric transport modelling, is employed to
estimate HFC emissions. These estimates have also
been reported in the Swiss NIR since 2016 and have
shown broad consistency with the traditional inventory
numbers for most species. To obtain more robust
estimates for synthetic gases, additional measurements
at the tall tower site Beromünster started in August
2019 (Figure 4).

Australia
Australia incorporated atmospheric verification into its
annual NIR in 2009. South-eastern Australian synthetic
GHG (HFCs, PFCs and SF6) emissions are estimated by
the Commonwealth Scientific and Industrial Research
Organization (CSIRO) and the Met Office in the UK
from atmospheric observations obtained at Cape Grim,
Tasmania, using inverse modelling and interspecies
correlation techniques. South-eastern Australian
emissions of these synthetic GHGs are scaled to
Australian emissions on a population or activity basis.
Comparison of emissions estimates based on
atmospheric observations with the emissions in the
traditional Australian inventory showed significant
differences for individual HFCs, PFCs and SF6, but
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aggregated emissions of these synthetic GHGs from
both estimations were in general agreement.

reflect improvements in industry practice in terms
of gas handling, equipment maintenance and
decommissioning.

Bureau of Meteorology

Role of IG3IS in developing observationbased emission estimates

Cape Grim station, Tasmania (Source: Bureau of
Meteorology)

Following the IPCC recommendation, the annual
Australian HFC EFs from 2006 onward and SF6 EFs
from 2010 onward have been adjusted in line with
HFC and SF6 emissions estimated from atmospheric
concentrations and trends measured at Cape Grim.
In addition to the calibration of annual EFs, HFC
fluctuations observed at Cape Grim are also used
to vary gas speciation in the HFC emissions model
used in the inventory. PFC EFs in the inventory have
not been adjusted to date to reflect PFC emissions
derived from atmospheric data. In the future, Australia
plans to use GHG observations from a variety of
sites (for example, Aspendale, Victoria) and platforms
like research vessels, with better targeted inverse
modelling and interspecies correlation techniques
to improve the accuracy of the observation based
estimates of regional and national emissions.
As the 2006 IPCC Guidelines do not provide any
advice on the direct use of inverse modelled emission
estimates, Australia has opted to use the fluctuations
in the modelled estimates to adjust the annual HFC
and SF6 leakage rates. This ensures the trends in
the atmospheric observations are replicated in the
inventory. The strength of this approach is that it
enables the inventory emission estimates to better

As a document addressing inventory compilers,
the 2019 Refinement of the IPCC guidelines does
not provide detailed guidance on implementing the
national atmospheric measurement and modelling
system. Instead, it refers to country examples, WMO
GAW recommendations on observation techniques
and the IG3IS Science Implementation Plan7 for further
guidance. The 2006 IPCC Guidelines and the 2019
Refinement promote the use of emission estimates
based on atmospheric measurements but remain
cautious about potential difficulties implementing
such an approach.
When it comes to finding the most efficient way
to use atmospheric measurements for emission
estimates, the IG3IS Science Implementation Plan
outlines a number of techniques that are available
for building new national systems and improving
existing ones.The planned or already tested techniques
provide recommendations for the type of inverse
modelling algorithms, the atmospheric transport
models, the choice of observation sites, and the type of
measurement devices and what optional parameters
might be measured." There are also new, countryspecific challenges faced by those who implement
the estimates based on atmospheric measurements.
For instance, existing working examples of national
systems are built in countries isolated from neighbours
by oceans or mountain ridges. Operating atmospheric
inversions in a country located downwind of strong
GHG sources will present different challenges.
IG 3 IS plays an important role in providing a
common framework for development of harmonized
methodologies and benchmarking. As a community
of experts, IG3IS is well positioned to support the
development and evaluation of necessary expertise, and

7

WMO (2019): An Integrated Global Greenhouse Gas Information System (IG3IS) Science Implementation Plan, GAW
Report- No. 245
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to provide guidance to overcome technical difficulties
based on up-to-date science and experience of national
teams that have already established working systems.
Those implementing an observation-based approach
in their country as support to the GHG inventory are
welcome to contact the IG3IS team through its website
(ig3is.wmo.int). They will receive targeted advice that
considers the specific circumstances and conditions
in their country.
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Climate Agreements. Washington, DC, The National
Academies Press.
Oney, B. et al., 2015: The CarboCount CH sites:
Characterization of a dense greenhouse gas
observation network. Atmospheric Chemistry and
Physics, 15(19):11147–11164.
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Weather and Climate Services: An
Increasing Range of Choice for the
Public and Private Sector
By Adriaan Perrels1
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Over the past decades, meteorological and hydrological
services have seen1a growing participation of the
private sector in weather and climate services (WCS)2
as a result of many interacting factors. Technical
developments in observation technology, such as
remote-sensing, and reductions in the unit cost of
information and measurement equipment, have
made observation capacity more affordable and
accurate. Such technology has therefore become
more diversified and dispersed (Perrels et al., 2013,
Chapter 3; Rogers and Tsirkunov, 2013). This means
that National Meteorological and Hydrological Services
(NMHSs) now have much less of a monopoly position
regarding observation and basic data provision than
they had before 2000.

1.

The product or service in question is essential
for the functioning of society, while commercial
production is impossible or could give perverse
outcomes (for example, large hazard protection
facilities, internal and external security or parts
of the medical (emergency) care system); many
constitutions have articles stipulating that the
State should protect its citizens from hazards.

2.

Production of the said service implies a so-called
natural monopoly (for example, it makes sense
to build only one facility or network, which is
managed by the public or a publicly controlled
provider to avoid abuse of market power through
high prices or socially non-optimal network size).

Yet, in most countries, NMHSs still control the
observation system. But impending technological
changes in observation, political views on the span
of public service provision and trends in participatory
WCS systems may well tilt the balance further in favour
of private sector service providers. NMHSs grapple
with this development. Economic theory that define
public, private and intermediate goods and service
could help define a strategy for the road ahead. The
influence of open data policy (such as that of the
European Union) and other regulatory developments,
in conjunction with innovations in WCS is also an
important part of that discussion.

3.

The realization and/or running costs of a facility are
high, with limited prospect for revenue generation,
whereas use of the facility enables significant
societal benefits (for example, expensive basic
research facilities).

4.

The product or service would be provided at
a much smaller scale and/or with less quality
assurance (for example, (primary) education,
public transport or parts of the medical care
system). This is often referred to as the “merit
good motive” – that it could be said that under
argument (1) above, the mentioned constitutional
obligation to protect citizens has evolved into
something like a basic care obligation.

Economic theory on public and private
goods
A broadly shared default assumption in most of
today’s economic theories is that goods and services
are made by private actors (entrepreneurs) who sell
their products on a market. However, there are good,
well-documented justifications (for example Picot et
al., 2015, Chapter 1)) for public sector production of
certain services:

1

Research professor, Finnish Meteorological Institute, Finland

2

This includes hydrological services, warnings and composite
services.

States have applied the first reason for centuries.
The second and third reasons are typically due to the
emergence of industrialized nations, where States
understand they should do more to maintain and
promote societal prosperity. The fourth reason is
associated with emergence of the welfare state, where
States acknowledge that modern societies benefit if
all citizens are enabled to achieve or maintain some
minimum level of welfare and well-being.
The grounds for public provision of WCS can be drawn
from all four lines of reasoning. Public sector severe
hazard detection and warning services refer to the first
and third arguments. The creation and maintenance
of observation networks and related datasets typically
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follow from the second and third arguments. While
the public provision of WCS for citizens and various
vulnerable sectors, such as agriculture, is typically
based on the fourth line of reasoning (merit good).
Yet, not all WCS fit into this public goods definition
so easily. A part of the freely available public weather
services could also be delivered through commercial
channels, either by charging modest amounts and/
or by using other business models in which weather
information is an add-on to other charged services
(such as tourist or travel information) or resourcing
is based on advertising. Similarly, some segments of
agriculture might be served better by charged, yet more
tailored, services. There is also ever more observation
capacity installed outside the networks managed
by NMHSs, including – at one extreme – (micro)
satellites and – at the other end – citizen participation/
crowdsourcing-based applications. The resourcing
and business models of these systems differ crucially
from the resourcing of NMHS observation networks.
Therefore, the simple dichotomy of public–private
goods does not suffice, but intermediate types of goods
should also be considered for WCS. In economics, the
definition of public, private and intermediate goods
types is based on variation over two dimensions:
•

•

Excludability – the extent to which the service
provider can identify and exclude (or segregate)
users. A pure public good means that users cannot
be singled out (and hence not be charged one
by one).
Degradation effects owing to (large) use – natural
public resources, such as a lake, but also many
infrastructure systems, will suffer from decreasing
service quality if simultaneous and/or cumulated
demand gets too large. A pure public good, such
as a dyke ring or public television programme, is
not sensitive for the amount of use (even though
large popularity may cause political pressure to
expand supply).

Goods and services that do not suffer (much) from
degradation effects, but which allow for excludability,
are termed “club goods.” This reflects that only the
“members of the club” have access to these goods or
services (for example, after paying membership), which

is otherwise similar to a public service (shared use
among the members). The other, sort of hybrid, case
is goods and services for which excludability is harder
or impossible, where they suffer from degradation
due to (large) use. These are called “common pool
resources,” referring to localized natural resources,
such as lakes and pastures, but also human-made
systems such as information portals. Figure 1 positions
the different types.
Note that degradation spillovers could be negative
(so add value rather than diminish it), if networking
and reputation effects are important. For example,
increasing use of particular data services supports the
credibility (trust) and attractivity of these for existing
and prospective users; thereby, some “clubs” can
grow ever stronger. On the other hand, in the case
of WCS, common-pool resources are more flexibly
located in the diagram. Model platforms could exercise
excludability policies, but that is unusual and may
run counter to the need to create ample proof of the
validity of models. Yet, if model application requires
support, which is often the case, abundant use may
result in more frequent occurrence of less skilful use
of the models. On the other hand, for brokerage (as is
emerging for climate services), excludability may be
somewhat easier to realize, but degradation effects
may be weaker.
It is also important to realize that the degradation
effect of use may not be in the quality of the delivered
service, but in the benefits derived from its use. A
significant part of the use of WCS entails potential
benefits for its users, which tend to get smaller the
more competitors are using these services.This notion
can apply to farmers, electricity companies, tourist
services and so on.
It should be noted that in some cases, the applicable
type of good or service is the result of a political
decision or owing to certain legislation principles, and
not the consequence of the inherent characteristics
of that good or service. For example, legislation may
stipulate that particular types of services should be
available for all citizens and organizations free of
charge or that nobody may be excluded from access
to a service. This has happened for several WCS in
various countries; in principle, such decisions could
be reconsidered.
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Figure 1. Spanning the public–
private goods space PPP refers
to public-private partnership
Source: Adapted from Perrels
(2018)

Winds of change
Technical development on the observations side of
WCEs entail a growing diversity in data-sourcing
options, enabling trade-offs in service delivery between
quick and accurate, and also between cheap and more
personalized, including learning options for providers
and users. As a consequence, alternative business
models are required for fit-to-purpose service delivery
(Rogers and Tsirkunov, 2013). However, this may be
unfamiliar to public providers or even impossible due
to market regulations.
The drive towards open access to data produced by the
public sector is global, even though member countries
of the Organisation for Economic Cooperation and
Development (OECD) tend to show more progress.The
European Union, with the Open Data (former PSI) and
INSPIRE directives and their monitoring, emphasizes
that open data policy implementation should really
enable and promote use by third parties, both private
and public. This encompasses the meteorological
data of NMHSs, generated or obtained owing to their
(basic) public service obligations.To unleash significant
benefits, generation based on open meteorological data
and also many other data, notably map information,
should be open access.

Furthermore, there should be more attention on
appropriate business models to fit the diverse service
delivery contexts in which distinctions between
supplier and user can get blurred due to co-design
and co-production approaches. This often involves
forms of public–private and public–public partnerships
(Larosa and Mysiak, 2019; Stegmaier and Perrels,
2019). As European Union member States diverge in
their national regulation with respect to degrees of
separation of public and private provision of (same
or similar) services, NMHSs and other actors can
face different conditions across Europe. For climate
services, there are indications that strict separation
can frustrate product development (Stegmaier and
Perrels, 2019).
The European Union, in cooperation with the European
Centre for Medium-Range Weather Forecasts (ECMWF)
as host, plays a crucial role in the development of the
Copernicus Climate Change Services (C3S) and the
Copernicus Climate Data Store (CDS). As C3S and
CDS are open and contain many data with a global
coverage, these facilities enable global cooperation
and competition in climate services development
and provision. The bearing of these features for the
options of different NMHSs, not least in connection
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Figure 2. Segments in the value chain of climate services (Source: Cortekar et al., 2017)

with increasing diversification in satellites and satellite
products, is hard to assess.
Open data policies and the emergence of basic climate
service platforms invite many companies to develop
their own specialized WCS aimed at particular customer
segments with willingness to pay for tailored services
with clear benefit generation potentials. Similarly,
various broader oriented consultancy and expertise
service companies integrate elements of WCS into
their portfolios, thereby offering, for example, more
comprehensive risk management services for their
clients than a separate weather and climate expertise
provider could offer.
These changes invite public WCS providers to consider
their positions in the value chains of the various
WCS product segments in which they are active (for
example, see Figure 2). For instance, it may be more
effective for them to concentrate on upstream and/
or midstream parts of the value chain rather than
downstream. To ensure service delivery for end users
with maximum societal benefits, public WCS should

better explore alternative public–private partnerships
and fitting resourcing models to these (Larosa and
Mysiak, 2019; Stegmaier and Perrels, 2019).
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Encouraging Innovation
Across WMO
A WMO HydroHub Case Study
By Christoph Meister1 and Florian Teichert2

The Eighteenth World Meteorological Congress
(Cg-18) articulated a clear and urgent need for innovation
to deliver better and more timely weather, climate and
water services to stakeholders. The term is mentioned
58 times in the Cg-18 report – four times more often
than in the report from the previous Congress. The
Cg-18 report expresses the need to support, promote,
foster and accelerate innovation. However, the report
does not concisely define innovation for WMO, nor
Members’ expectations. But both definitions are
essential to effectively encourage and implement the
“culture of innovation” advocated by Cg-18 and to
carve out the benefits that innovation can bring for
WMO Members. 1 2
When the WMO HydroHub was established in 2015,
one of the areas it was to address was innovation.
A team from the WMO Secretariat and the Swiss
Agency for Development and Cooperation (SDC)
met on 14 October 2015 to take up the challenge of
defining and encouraging innovation in hydrology
within the WMO context. The outcome was the WMO
HydroHub Innovation component, designed to identify
and test new mechanisms and new technologies for
hydrometry3, while contributing to the implementation
of WMO strategy and projects. In the two and a half
years since its launch4, the crucial elements required
to achieve these goals have been identified, developed
and tested in practice. Specific insights were gained
1

Managing Director BGW AG Management Advisory Group
and member of the HydroHub Innovation Committee

2

WMO Secretariat

3

Hydrometry refers to the measurement of components
of the hydrological cycle, namely water level, discharge,
precipitation and others

4

January 2017

in the process, which could translate to a definition
of innovation in the broader WMO community.

Why innovate
Innovation should be on everyone's agenda. Driven
by changing customer needs, new technological
possibilities and ever shorter product life-cycles,
providers of goods and services in both the public
and private sector have to rethink the way they create
and capture value. Innovating along the whole value
chain has become a vital capability.
The private sector has long recognized the ability to
innovate as a fundamental requirement for sustained
economic growth. In its Global Competitiveness
Report 2018 5 the World Economic Forum bases the
competitiveness of modern economies on their ability
to embrace change and their having an "innovation
ecosystem" that allows "new ideas to emerge [...] as
new products and services".6
The United Nations has also recognized the need
to increase its innovation efforts. UN SecretaryGeneral António Guterres has issued a strategy on
new technologies7. The UN International Children's
Emergency Fund (UNICEF) and the World Food
Programme (WFP) founded the UN Innovation Network
(UNIN) in 2015 to informally exchange knowledge and
5

weforum.org/reports/the-global-competitveness-report-2018

6

reports.weforum.org/global-competitiveness-report-2018/
chapter-3-benchmarking-competitiveness-in-the-fourth-industrial-revolution-introducing-the-global-competitiveness-index-4-0/

7

un.org/en/newtechnologies/
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experience on innovation.Today, UNIN has 65 chapters,
covering over 70 countries8. The UN Development
Programme (UNDP) has established 60 Accelerator
Labs in 78 countries 9. The World Bank has made
extensive use of Innovation Labs10 for years. There
is also the International Telecommunication Union’s
(ITU) AI for Good11, which aims to promote the use
of artificial intelligence to support implementation of
the Sustainable Development Goals.

We are the ones that innovate, you can
support by leveraging our capacities and
connect us with the right partners.

Academia and research institutions complement
innovation efforts by driving new developments,
innovation parks, start-ups and cross-sector
partnerships. One example is the International
Association of Hydrological Sciences (IAHS) MOXXI
Working Group12, a partner of the HydroHub, which
fosters new technologies for hydrology.

The recipe for innovation
Following the principle of ask-learn-share, the
HydroHub embarked on this journey by looking at
and benefitting from the experiences of others. The
objectives of innovative commercial companies are
not so different from those of WMO as both strive for:
•
•
•

decreased time-to-impact (market) for new
solutions
streamlined processes to reduce costs
optimized activity portfolios

8

uninnovation.network/about-us

9

acceleratorlabs.undp.org/

10

blogs.worldbank.org/voices/what-are-innovation-labs-andhow-can-they-improve-development-0

11

aiforgood.itu.int/

12

Measurements and Observations in the 21st century
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•

•
•
•

new ways of interacting with customers and
stakeholders to sustain long term success (e.g.
new business models)
accelerated transfer of scientific and technological
advancement into operations
consolidated infrastructure to reduce costs, and
new solutions that cut across established functional silos.

WMO should, therefore, be able to draw from
decades of experience with theoretical and practical
innovation management and apply similar methods
for implementation.
The recipe and ingredients for innovation in the private
sector are clear13: formulate the vision and objectives
together with stakeholders, define organizational
structures, funding mechanisms, principle processes
and supporting tools. Once in place evaluate, revise,
repeat.

The importance of an innovation vision
Opportunities to innovate are vast, therefore, it is crucial
in view of budget limitations to align innovation priorities
with Members’ expectations. An innovation strategy
that defines “what we want to be” and “where we want
to play” is essential for the efficient use of resources.
Intuitively, innovation is all about generating new good
ideas and technologies. But there is an inherent risk that
even the best ideas get lost, if never turned into a product
or service to be consumed by a user. Therefore, the
innovation process should always include conversion/
testing and diffusion and scaling (Figure 1, page 45).
On an organizational level an enabling environment is
needed to generate or collect ideas, which may solve
the global, regional and local challenges faced by the
WMO community. Once a good idea is identified, it
is necessary to prioritize implementation, and to
understand and identify the right technologies and
13

Innovation has been studied for over 80 years, possibly
starting with “Capitalism, Socialism and Democracy”
published in 1942 by Joseph Schumpeter. Modern
innovation management often quotes “Innovation and
Entrepreneurship: Practice and Principles” by Peter Drucker
from 1985
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The WMO HydroHub process diagram: Based on the WMO Strategy, from the left to the right, external triggers
start implementation of services processes (orange) that bring tangible outputs and outcomes for WMO Members.
Support processes (green) are put in place to create and maintain the necessary knowledge, partner network and
financials to provdie the enabling environment for innovation.

partners to tailor solutions for operations. Once tested
on the ground solutions have to be scaled up for
broader application.

•

a network of partners from WMO and other communities to generate bright ideas and implement
solutions

The following innovation enabling components are
useful to manage the process from idea to impact:

•

an organizational structure with defined roles,
responsibilities and clear interfaces

•

a funding mechanism for innovation activities
and projects.

•

a broadly supported and well-communicated
innovation strategy to ensure an alignment of
objectives and derived activities

•

a curated and updated innovation road map with
needs identified and prioritized and mapped to
solutions and partners that can fill the gaps

•

a prioritization of activities based on expected
impacts and suitable timelines for the availability
of solutions

•

a portfolio of services such as innovation challenges or interventions for direct and indirect
impact on the ground, systematic learning and
improvement, change of organizational culture

However, even if all is in place there is still no guarantee
that innovation will be successful as innovation is
ultimately about people, knowledge and culture.

The HydroHub Innovation experience
The HydroHub Innovation Committee, an oversight
body composed of representatives of international
organizations, of the public, private, academic sectors
and the SDC focal point, started its work in the end of
2017 by aligning expectations to the reality of what
could be achieved by the innovation component. The
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Figure 1. Innovation value chain

intention was to create a small but dedicated team
within WMO that would foster, enable and facilitate
innovation activities across the whole Hydrometry
community. Key overall was to create real and
sustainable impacts for Members.
Over the first months of discussion, the notion of an
enabling environment and a guiding framework took
shape. The focus was set on operational uptake and
upscaling of already existing solutions – in contrast
with adding new solutions to an already vast portfolio.
The HydroHub Innovation component was to become
a facilitator more than an inventor or implementer.
After having carved out “what we want to be” the task
was to answer the question “where we want to play”.
The HydroHub Strategic Plan identifies three strategic
activity areas – sensor technologies and monitoring
techniques, data management and management
processes – and sets the expected results for innovation
activities:
1.

Increased support for innovation in hydrometry
and data sharing

2.

Improved collaboration between National Meteorological and Hydrological Services (NMHSs),
the research community and the private sector
in the area of hydrometric innovation

3.

Removal of barriers to the use of innovative
technologies by NMHSs and others collecting
hydrometeorological data.

This represents a clear shift away from an initial
focus on gadgets towards pragmatically supporting
operational uptake to collect and share more water
data.
On the basis of its Innovation Strategy and the
prescribed approach for identifying partnerships,

the HydroHub Innovation component moved on
to develop and test the mechanisms and tools for
their systematic implementation. A communication
plan was also developed to explain how HydroHub
innovation activities would contribute to the bigger
picture at WMO.

HydroHub Innovation calls
The HydroHub uses innovation calls to address
multiple target areas at once: A call announces a
prioritized challenge that has been identified in
the WMO Community, triggering discussions that
ultimately lead to several proposals to the Innovation
Committee (IC) to address the problem. The IC selects
a solution and implementation starts. Though-out the
process the WMO HydroHub in-sources knowledge
from participants and steadily grows its partner
network, while ensuring the requested deliverables
are provided.
The First HydroHub Innovation Call addressed the
observation of freshwater quantity parameters.
Instead of asking for a new technology, it called
for a demonstration of existing technologies, which
could reduce total cost of ownership for NMHS, and
for manufacture blueprints to be shared with local
suppliers.This would enable local suppliers to produce,
maintain and repair equipment, generating jobs and
ownership in Least Developed Countries (LDCs) and
Small Island Developing States (SIDSs).
The selected solution combined technologies with
a new business model. The implementation partner,
Northern Widget LLC from Minnesota, USA, was
awarded for their sound expertise and experience in
the field as well as for delivering a full open source
solution: a telemetred data logger and a water level
sensor, together with a self-manufacture manual
and programming guide that will allow NMHSs to
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replicate the solution without external support. This
satisfies the key deliverable concerning knowledge
transfer to the NMHS in LDCs – the test cases are in
Afghanistan and Bhutan – proving that the "uptake
package" is fit for use.
Though just a small contribution in terms of technology,
the innovation call project demonstrates how NMHSs
can be empowered and dependency on foreign aid
and technology can be reduced.

Innovation Workshops
HydroHub Innovation Workshops, co-organized with
partners like IAHS-MOXXI, also proved to be effective
tools for networking and partnership building. For
example, at the second Innovation Workshop, held in
New York City in March, NMHSs14 discussed how they
improve and maintain their hydrological monitoring
networks and directly addressed potential solution
providers, explaining their needs and issues with
technologies. Key issues raised by the NMHSs included:
•

How to address the fact that the capacity of
batteries in certain parts of Africa might decrease
maintenance intervals from two years to just
eight months?

•

How robust should housing be for a hurricane
region like Barbados?

•

How to address the fact that shipping and customs to repair a sensor in Europe or America
can be more expensive than the sensor itself?

•

How to deal with vandalism and theft?

•

What to do if a visa is required to physically
access a hydrological station for maintenance?

Until then, the researchers had concentrated on
technologies and remained oblivious to such details.
But in the context of the workshop their customers, our
colleagues from the national services, felt empowered
to start a fruitful dialog with their suppliers, and
requested solutions that better fit their needs.
14

Especially Argentina, The Gambia and Tanzania

In fact, in response to the workshop, Northern Widget
decided to add an optional solar panel to charge the
batteries of the data logger, compensating for the lower
capacity batteries. Optimizing power consumption is
still indicative to reduce the size of the solar panels, so
that installations can be hidden to reduce vandalism
and theft.
While not solving all issues, the feedback loop to
learn and improve has been established between
the communities and it will gradually lead to more
adequate products and services.

Addressing daily challenges
The innovation component of the HydroHub now
concentrates on setting up a contact point for NMHSs
of LDCs and SIDSs for more direct answers to
on-the-ground concerns. A number of national
services have already reached out to share their
daily challenges.The HydroHub aims to address some
of these challenges in an innovative, pragmatic and
unbureaucratic way.
Every case of a bilateral activity is different but general
support mechanisms have been defined:
•

The Innovation Intervention: A specific, focused,
short-term support activity to boost ongoing innovation projects within the range of the HydroHub’s
capabilities. Usually provided by a consultant, it is
a small investment with potentially huge impact.

•

The Innovation Camp: A two to five day activity that brings together internal and external
experts to solve a specific problem on the ground.
National or regional teams provide and sponsor
an urgent challenge that needs time and external
expertise to be resolved. The HydroHub then
provides support for the organization, access to
its extensive network of experts and, if available,
financial support to conduct the local innovation
camp.

•

Innovation as a Service: The HydroHub provides
innovative solutions to diverse work packages
within the context of the WMO Country Support
Initiative, Climate Risk and Early Warning Systems
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Initiative (CREWS), WMO Hydrological Cycle
Observing System (WHYCOS) and other frameworks. Examples could be a tailored procurement
for low-cost technologies, the organization of a
gamified stakeholder workshop or the creation
of a specific software tool.
Extensive documentation of experiences and the
authoring of knowledge products accompanies these
bilateral impact activities.
In addition to the above activities, the HydroHub
provides an Innovation Road Map which compiles
unmet needs, trends and gaps analysis. The goal
is to facilitate the planning and selecting of future
activities and to communicate goals and incentives
to current and future partners. Finally, an innovation
portfolio lists successful proven solutions that can be
requested by Members.
While the HydroHub approach to innovation has shown
some encouraging results, not all of its structure and
activities have proven useful. Its scope, limited to
hydrometry, is a disincentive to address other areas.
Working with new partners from other communities
is seen as out-of-scope even when their knowledge
and expertise could make a big difference − innovation
happens at the interfaces. But its success in addressing
supporting Members with their daily challenges, and
improving collaboration and knowledge transfer
make it a model that could be applied in the broader
WMO context.
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•

The Country Support Initiative (CSI)16, which
creates a network of partners, expertise and
experts

•

The Open Consultative Platform, which fosters cross-sector public, private and academic
partnerships.

A change of cultures is under way, yet time is short as
the international community urgently needs innovative
solutions to address today’s global challenges. The
shift to an Earth system approach and the opening to
academia and private sector will bring further synergies
for innovation at WMO and further increase the need
for an innovation culture within WMO. All involved will
need to embrace lean processes and working together
in flexible teams that evolve and change in response
to the needs of Members. Changes can be facilitated
through corporate tools such as those being rolled out
on the WMO Community Platform, which encourage
transparency and facilitate interaction.
As we tried to show in this article, innovation
management and a subsequent innovation culture
are proven tools for breaking down silos and bringing
together likeminded individuals that are able to deliver
the best results. We therefore emphasize again the
need to come together and start building the “culture
of innovation” demanded by WMO Members.

Transferring experiences to the WMO
WMO is embracing change – through the reform and
restructuring – to facilitate the delivery of innovative
solutions for the future. Long established ways of
doing things are being questioned and optimized
through initiatives and projects:
•

15

The WMO Community Platform15, which consolidates Monitoring and Evaluation against the
WMO Strategic Plan and Member Profiles to
understand the most pressing needs of stakeholders and how they scale to other WMO Members
https://community.wmo.int

16

The CREWS initiative also follows a similar paradigm, www.
crews-initiative.org/en
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Early Warnings of Coastal
Inundation

UN Photo/Logan Abassi

By Val Swail1, Sarah Grimes2, Paul Pilon2, Ray Canterford3, Curtis Barrett4 and Yuri Simonov5
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Coastal inundation occurs along vulnerable coastlines.
The combination of storm surges – typically from
tropical cyclones or extratropical storms – and waves,
with riverine flooding at various tidal states regularly
leads to major loss of life. At least 2.6 million people are
estimated to have drowned due to coastal inundation
caused by storm surges over the last 200 years (Dilley et
al., 2005).Yet, most countries with vulnerable coastlines
are experiencing increases in human settlement and
levels of development for fishing, tourism and other
infrastructure in coastal areas, leaving more people at
risk. This has led to even greater concern for coastal
flooding and inundation. 1 2 3 4 5
Changes are also occurring in catchment areas through
encroachment on floodplains, land use and resulting
modifications to runoff that can be exacerbated by
ocean-related storm surges, extreme waves and so
forth. Heavy rainfall often accompanies storm surges,
resulting in rivers overtopping their banks, further
worsening local flooding. Rising global sea levels
also contribute to increased vulnerability.
These and other statistics highlight the increasing
threat to populations, especially those in coastal areas,
pointing to the need for coastal inundation warning
systems that adequately reflect the various hazards
and their interactions. The WMO/IOC (Intergovernmental Oceanographic Commission of UNESCO) Joint
Technical Commission for Oceanography and Marine
Meteorology (JCOMM) and the WMO Commission for
Hydrology (CHy) decided to work together to address
this threat. In 2009, they initiated the Coastal Inundation
Forecasting Demonstration Project (CIFDP) to meet the
challenges of coastal community safety and to support
resilience building by enhancing coastal inundation
forecasting and warning systems at national and
regional scales.
1

Environment and Climate Change Canada

2

WMO Secretariat

3

Natural Hazard Specialist, Australia

4

United States Agency for International Development

5

RosHydromet
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Coastal Inundation Forecasting
Demonstration Project
CIFDP was unique in facilitating the design and
development of a comprehensive alert and warning
system for coastal flooding caused by multiple sources.
It focused on early warning in coastal zones and basins
subject to tropical cyclones and storm surges, strong
wave action from distant sources, tidal considerations
and riverine flood events.
This initiative and its subprojects were designed
to improve safety in communities at risk, which is
a fundamental priority of WMO. JCOMM and CHy,
in cooperation with numerous experts and related
institutions, have primarily facilitated the accurate
and timely forecast of coastal inundation from the
viewpoint of the total water level envelope and its
interactions with riverine environments and vulnerable
communities. The modelling framework illustrating
the complexities that are needed to reflect local
hazards and their interactions is described in the
CIFDP Implementation Plan (WMO, 2017a).
Only a limited number of national agencies concurrently
operate storm surge, wave and hydrological models,
and coupled coastal forecasting systems, and virtually
none are in developing countries. Hence, CIFDP was
designed to support national agencies in developing and
using forecast products operationally and in creating
links between them and coastal flood management
programmes and other related user communities.
This required extensive training in the use of these
products under different hydrometeorological and
risk situations.
CIFDP facilitated development and implementation
of warning services for coastal inundation from
oceanographic and hydrological phenomena, resulting
from severe hydrometeorological events. The goal
was to operate and maintain a reliable forecasting
system that informs national decision-making for
coastal inundation management by:

50

Vol. 68 (2) - 2019

•

Identifying national and regional requirements,
particularly end-user needs

•

Encouraging full engagement of all stakeholders

•

Implementing coastal inundation end-to-end
operational forecasting and warning systems

•

Developing cross-cutting cooperation among
different scientific disciplines and user communities

•

Building communication platforms among
researchers, forecasters and disaster managers
involved in coastal inundation management

•

Transferring technology to participating countries

•

Providing specialized training for operators,
forecasters and disaster managers

CIFDP Subprojects
Four separate and disparate subprojects were undertaken in Bangladesh (completed 2017), the Caribbean
(completed 2018), Indonesia (completed 2019) and
Fiji (expected completion end of 2019). Each had a
different set of forcing mechanisms, which, coupled
with the varying degrees of capacity and emergency
management structure within the country, made them
unique. Their successful implementation showed that
integrated coastal inundation forecasting and warnings
can be improved and coordinated by National Meteorological and Hydrological Services (NMHSs). The final
reports of the subprojects provide implementation
details (WMO, 2017b, 2018, 2019).

Bangladesh
The coast of Bangladesh is subject to major storm
surges, rivers overtopping banks and tidal impacts.The
long continental shelf, shallow bathymetry, complex
coastal morphology and long tidal range between east
and west coasts are known features for generating
high storm surges of long durations. On average,
five to six tropical cyclones are formed in this region
every year.

The United Nations Development Programme (UNDP)
identified Bangladesh as the most vulnerable country
in the world to tropical cyclones and resulting storm
surges. Furthermore, the country has three large river
systems flowing through it: the Brahmaputra, Ganges,
and Meghna.The combination of the discharge of these
major river systems and storm surge heights, which
can exceed 10 metres (m) above mean sea level, can
create catastrophic coastal inundation. Bangladesh
was therefore selected as the first CIFDP subproject in
2009, in agreement with the Bangladesh Meteorological Department (BMD). Funding was provided by the
United States Agency for International Development
(USAID) Office of Foreign Disaster Assistance.
The storm surge model of the Japan Meteorological
Agency (JMA) was upgraded to incorporate wave
and tidal input into forecasting total water level estimates. Hydrological and hydrodynamic inputs from
stream discharge were parametrized for input to the
forecasting system. Cyclone information was ingested
from the Regional Specialized Meteorological Centre,
the Joint Typhoon Warning Centre and the Regional
Integrated Multi-Hazard Early Warning System for
Africa and Asia. The Delft Flood Early Warning System
(FEWS) integration system was used. Bathymetry data,
as major input to the warning system, were available
from various sources with the best being that of the
Bangladesh Navy. Digital elevation model data are
critical for coastal inundation modelling, and those of
the Survey of Bangladesh were used for this purpose.
This illustrates some of the types of collaboration
needed from data to model and establish a successful
coastal inundation forecasting system.
A range of integration and operational requirements
were considered before settling on an end-to-end
impact-based early warning system design. This
included adopting simplified modelling in some cases
(such as the riverine discharge modelling), to keep
the computer run time reasonable for provision of
forecasts with adequate lead times to enable effective
response, with at least 12–24-hour advance warning.
The goal was not to change any procedures for disaster
management in the country nor to change mandates,
but rather to improve and assist the decision-making
process for procedures already in place. The intent
was to provide a system that better responds to the
needs of Bangladesh and local stakeholders.

Since the system has been in place, fewer lives have
been lost – 26 in 2016 and 2 in 2017 – compared with
the thousands lost in the events of 1998 and 2007.
Improved early warnings have helped to inform local
decision-making, thereby contributing to the overall
success of Bangladesh in this area of disaster risk
reduction from coastal inundation. Future events
could still overwhelm the country, but the evidence
is extremely positive that this CIFDP subproject has
been a success. The system is already being used by
BMD, with a recent example, during Cyclone Fani in
May 2019, shown in Figure 1.

Figure 1. Coastal inundation predicted extent during
Cyclone Fani, 1 May 2019, using the coastal inundation
forecasting system developed by CIFDP-Bangladesh
Source: Courtesy of Qamral Hassan (BMD) and Bapon
Fakhruddin (Tonkin Taylor)

Indonesia
In terms of coastal flooding, Indonesia is unique in its
vulnerability of coastal communities. An archipelago,
it has almost 100 000 kilometres (km) of coastline
subject to catastrophic flooding caused by a number
of hazards, either individually or in parallel. These
include high tides, heavy rainfall, river flooding, sea
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surface height anomalies and ocean waves. Even
subtle pressure and wind variations can cause 0.5 m
surges, which can affect low-lying land. Another unique
and complicating aspect for the coastal flooding in
Indonesia is large subsidence in urban areas, often
more than 25 centimetres (cm) per year, coupled with
ever-increasing coastal land development. Such issues
can increase vulnerabilities over time.
Many agencies have collaborated in establishing a
successful coastal inundation forecasting system
in Indonesia. The Indonesian subproject agreement
signed in 2017 included five ministries/institutions: the
Meteorology, Climatology, and Geophysical Agency
(BMKG) Maritime Meteorology Centre, Research Centre
and Development of Water Resources of the Ministry
of Pupera, Directorate of Coastal and Small Island
Utilization, BIG Geodetic Control and Geodynamics
Control Centre, and Directorate of Preparedness.

Val Swail
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Coastal inundation in Semarang, Indonesia disrupting
traffic and flooding buildings in the city.

Outputs from the various coastal forecast systems
were integrated under the Delft FEWS, including the
Delft 3D (hydrodynamic) model for storm surge, the
U.S. National Oceanic and Atmospheric Administration
(NOAA) WAVEWATCH III® wave model, operated by
BMKG for Indonesian coastal waters, and several
other national and international models, including the
Australian Bureau of Meteorology operational forecasts
of sea surface anomaly and global tidal models.
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It is important to note that BMKG has strong forecasting capability and well-trained staff and procedures.
This allowed further advancement of the system as
well as greater sustainability. The major funding for
the project also came from BMKG, whose capability
and capacity improved dramatically with CIFDP. The
subproject was completed in January 2019, and a new
national operational programme for coastal inundation
forecasting for Indonesia was launched in April 2019.

Caribbean
Each year tropical cyclones pose a threat to Hispaniola
– an island comprising two countries: the Dominican
Republic and Haiti – during the hurricane season
from 1 June to 30 November. Since 1851, more than
150 tropical cyclones have come within a radius
of 300 km of the island, generating strong winds,
high storm surges, large waves, heavy rainfall and
riverine flooding. Prior to this CIFDP subproject, the
Dominican Republic and Haiti did not have storm surge
and coastal inundation planning and preparedness
products available to aid in emergency management.
This is also true for many other Caribbean countries.
With regard to project design and implementation,
the WMO Regional Specialized Meteorological Centre
for Tropical Cyclone and NOAA’s National Hurricane
Center (NHC) provided the leading technical contributions in collaboration with the CIFDP Project Steering
Group and other partners. Funding was provided by
USAID. The National Coordination Team included
experts, forecasters and disaster managers from
various agencies of the Dominican Republic. Haiti
was included in the efforts and various meetings, so
its experts could also make informed use of products
to issue warnings and influence emergency response.
The coastal modelling approach of the Caribbean CIFDP
subproject was different from that used in the other
subprojects. Rather than running a computationally
time-consuming real-time full storm surge model
coupled with a wave model, the subproject used the
approach of the NHC in Miami, which can be run on
a regular desktop computer. It involved making runs
of various categories of hurricanes and the different
pathways that could make landfall in Hispaniola using
the Sea, Lake, and Overland Surges from Hurricanes
(SLOSH) model. All possible scenarios of intensity,

Vol. 68 (2) - 2019

speed and direction of propagation, totalling about
10 000 possibilities, were run using a supercomputer.
A wave model was run superimposed on the storm
surge model output to account for wave action and
raising the water level reached.
These SLOSH runs created a set of maximum envelope
of water (MEOW) and maximum of MEOWS estimates.
A critical element was the use of a DigitalTerrain Model
provided by a German Satellite (TanDEM-X) on a 12 m
grid resolution.This fine resolution was needed as only
coarse-resolution grid data were otherwise available
and unacceptable for use in storm surge model runs.
The bathymetry data were single-beam data used for
tsunami models.
The resulting forecasts are available almost instantaneously, allowing more time for preparation of warnings
and communications with emergency responders.
Such a responsive system also allows the updating of
guidance and warnings should the storm parameters
change.
The demonstration project was completed in December 2018 and has been operational during the 2019
Atlantic hurricane season. Work is continuing in
the post-demonstration phase to develop linkages
between the storm surge forecasts and the riverine
flood forecasts, the latter of which will be produced
by the National Institute for Hydrological Resources.
This effort will also consider the effect of forecast
storm surges on riverine flood conditions, which may
be predominately influenced by the heavy rain that
accompanies tropical storms.

Fiji
Fiji comprises more than 330 Pacific islands, only 110
permanently inhabited.The two major islands, Viti Levu
and Vanua Levu, account for 87% of the population
of almost 850 000. Approximately 75% of the Fijian
population live on Viti Levu’s coasts.
Fiji’s location makes it vulnerable to tropical cyclones.
These can cause dangerous and damaging storm
surges in areas that have significant shallow coastal
areas (shelves), particularly the NW coast of Viti Levu,
which contributes to storm surges in the towns of
Nadi and Lautoka. The south coast of Viti Levu does
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Flooding of resorts along the Coral Coast of Viti Levu, Fiji, caused by swell waves approaching from the south.

not have such a shelf area and is not subject to winddriven storm surges, but is affected by long-distance
swell travelling from as far south as Australia and
New Zealand.
Tropical cyclones may bring extended periods of
heavy rain to Fiji, causing inundation in the form
of flash flooding or riverine flooding. When riverine
flooding occurs in conjunction with storm surges,
the resulting inundation may be much more severe
than would have otherwise occurred from either the
surge or riverine runoff occurring separately. This
underscores the importance of surge and riverine
modelling in combination. For example, this is the
case for Nadi, which is a coastal urban city that can
experience extensive and damaging flooding, resulting
in loss of life.
This CIFDP subproject concentrated on the main island
Viti Levu, in particular two major areas of population
and economic activity: the Coral Coast on the southern

edge of the island and the NW coast around Nadi. It
was funded by the Korean International Cooperation
Agency and the Korean Meteorological Administration.
The Fiji implementation is a system of systems, with
three distinct components:
(a) The south coast subject to inundation from distant
swell waves
(b) The NW and NE coasts predominantly subject to
storm surges (including from tropical cyclones)
(c) Riverine flooding, initially focused on the Nadi
river basin.
Flooding caused by swell approaching Fiji from the
south, coupled with high tides, can lead to serious
and disruptive inundation. In terms of impacts, on the
coral coast, there is a major transport road plus tourist
hotels. Rather than running a complex, high-resolution
wave model in real time, the forecast system accesses
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the results of hundreds of possible scenarios of swell
height, period and direction. This allows for rapid
results, and runs on a standard desktop computer.
Alerts are broadcast 48 hours ahead of time and
warnings given with a 24-hour lead time. The pre-operational phase has successfully provided early and
comprehensive warnings for the south coast in a few
major events.
To address the storm surges on the coastal slopes of
the NW and NE portions of Viti Levu, JMA has implemented a storm surge model concentrating particularly
on this island, but also encompassing all of the Fijian
islands. This has been operating in trial mode since
2018, and is expected to be fully operational by the
2019–2020 cyclone season.
The Nadi river can overtop its banks relatively quickly,
within 2–4 hours, following the occurrence of heavy
rainfall that can accompany tropical cyclones and
storms. To help address the need for riverine flood
early warnings, the subproject has implemented a Nadi
floodplain inundation warning system. The system
uses a decision tree logic with inputs of observed and
forecasted rainfall, storm surge levels and upstream
hydrological conditions, based on expert knowledge,
to provide guidance to forecasters. Implementation
allows issuance of alerts and potential warnings of
possible flooding in a complicated surge-riverine
environment.
All components of the Fiji CIFDP have been implemented in pre-operational mode. It is anticipated that
the demonstration phase, including transference to
full operational capability, will be completed by the
end of 2019.

Recent developments
WMO commissioned an independent review (Barrett and Canterford, 2018) of CIFDP that provided a
thorough assessment of the innovative concept of
the demonstration project with various conclusions
and recommendations. The review confirmed that the
subprojects have been successful in demonstrating
the ability to make impact-based forecasts and warnings for coastal inundation when there are complex
combinations of forcing mechanisms. The review
found that there would be benefits to extending and
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enhancing CIFDP approaches in other vulnerable
developing countries.
For example, the Fiji subproject has provided an
excellent model for application to other small island
environments in the South Pacific, while the Hispaniola case can be readily adapted to other Caribbean
islands. The implementation in Bangladesh could be
applied to other countries around the Bay of Bengal,
and the Indonesia study, which focused on the cities
of Jakarta and Semarang, could be implemented for
other locations in Indonesia or neighbouring countries.
The Eighteenth Session of the World Meteorological
Congress endorsed the main findings and recommendations of the review and removed the “demonstration” tag to create a new programme: Coastal
Inundation Forecasting Initiative (CIFI). CIFI fits the
concept of a Multi-Hazard Early Warning System
(MHEWS) advocated in the Sendai Framework for
Disaster Risk Reduction.Thus, it will seek out synergies
where possible, including with tsunami early warning
processes.
The successful completion of CIFDP has demonstrated
the value of designing early warning systems with
flexibility to account for inundation from multiple
sources. Over the past decade, the dedicated efforts
of Members working together with their partners in
the participating countries as well as of JCOMM, CHy
and many other experts has demonstrated the value
of an innovative early warning system and the value
of interdisciplinary collaboration at an international
scale for the greater good of public safety.
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Development of Operational
Weather Forecasting Shaped
by the “Triple-In” Properties
of Numerical Models
By Rucong Yu1, Jian Li2 and Pengqun Jia3

Operational weather forecasting has reached a turning
point. It is possible that it could be reshaped by the
“Triple-In” properties of “indispensability”, “inexactitude” and “incompleteness” of numerical models.
The indispensability of numerical models is a salient
feature of current operational weather forecasting.
But inexactitude is rooted in almost all numerical
schemes, and incompleteness of numerical models
will always exist due to the extreme complexity of
the Earth system. 1 2 3
The intrinsic qualities of the Triple-In properties in
numerical models determine the advancement of
meteorological development, and also the future
framework of operational weather forecasting. Indispensability means that the numerical model has the
ability and potential to describe the evolution of the
atmosphere or Earth system – a cardinal principle
for a strategic plan for meteorological advancement.
But inexactitude and incompleteness indicate that
products obtained directly from numerical weather
prediction (NWP) contain uncertainties. Therefore,
updated operation should focus on minimizing the
unavoidable uncertainties. The inexactitude requires
that efforts should be taken to enhance the precision
of NWP in meteorological centres.The incompleteness
highlights that more research attributes are needed
for Earth system modelling.
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State Key Laboratory of Severe Weather, Chinese Academy
of Meteorological Sciences

3

CMA Training Centre

A new era for forecasting
Since the end of the twentieth century, the United States
National Academy of Science (NAS) has been exploring
how national meteorological services can continuously
improve weather forecasting and related products and
services (National Research Council, 1999). In a road
map for the future, NAS emphasized the need and
opportunities for continuing modernization. A recent
review paper (Benjamin et al, 2019) that traced the
evolution of forecasting over the last 100 years – splitting
them into four eras – pointed out that the next 30 years
will be a new era. Its characteristics will include, for
example, more automation of forecasting process and
increasingly complexity across all time/space scales for
numerical environmental weather prediction.
The statement at the Eighteenth World Meteorological
Congress (Cg-18) that WMO has now reached a turning
point in its history is in line with the ideas above. A
fundamental governance reform was approved at Cg-18
to make WMO more integrated and ready to operate in
a seamless Earth system framework, across its main
domains of weather, climate, water and environment.
Some changes will therefore take place in weather
forecasting and its associated processes.
Whether it would be possible to conduct weather
forecasting based on scientific, mathematical principles was seriously discussed over 100 years ago.
Theoretical developments since then have provided
understanding of atmospheric dynamics and physical
processes, which builds a foundation for numerical
models and significantly contributes to the continuous
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improvement of operational NWP. Taking the evolution of reanalysis products as an example, Figure 1
shows the climatic summer precipitation (1979–2002)
from Global Precipitation Climatology Project (GPCP)
products and different reanalysis products over East
Asia. Precipitation from reanalysis data can reflect the
ability of numerical models to produce all the precipitation-related processes. As shown in Figure 1, compared
with GPCP, ERA40 (based on a model released in
2001) significantly underestimates the precipitation
over East Asia, especially that over south-eastern
China. In contrast, ERAIM (model released in 2006)
overestimates the precipitation in south-eastern China.
The ERA5 (2016) reasonably reproduces the value and
pattern of the observed precipitation. The differences
between the three generations of reanalysis data
highlight the remarkable improvements of numerical
model systems over the years.
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Intrinsic qualities of numerical models
Triple-In – indispensability, inexactitude and incompleteness – properties are inherent in numerical
models. Such models are indispensable for modern
weather forecasting and will be the most important
cornerstone for seamless digital operation into the
future. In accord with the seamless Earth system
framework of the new era, NWP models are advancing
towards mature Earth system modelling.
However, the Earth system is a complex hierarchy
and so its numerical model system is also complex.
Correspondingly, the inexactitude and incompleteness
of the numerical model will always exist everywhere,
and will lead to long-term uncertainties in NWP. Such
permanent uncertainty determines the development
direction of meteorology, and also the future framework of operational weather forecasting.

Figure 1. Climatic summer ((June, July and August)) precipitation (1979–2002) from GPCP products and different
reanalysis products (ERA40, ERAIM and ERA5)
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Indispensability – As stated by Charney (1951), “the
atmosphere exhibits no periodicities of the kind that
enable one to predict the weather in the same way
one predicts the tides.” Instead of a simple set of
causal relationships, all atmospheric phenomena are
the result of complex influences of a combination
of non-synchronous, non-uniform and non-equilibrium factors. Due to the overwhelming complexity of
atmospheric processes, only a numerical model has
the ability and potential to comprehensively grasp
the multiscale and nonlinear forcing and describe
the evolvement of the atmosphere. As numerical
modelling has matured over the past 30 years, NWP,
which is performed every day at major operational
centres, has unquestionably become dominant in
the forecasting process. The indispensability of the
numerical model has therefore been a salient feature
of modern operational forecasting.
Inexactitude –The starting point for a numerical model
is a series of basic laws governing atmospheric dynamics: Newton’s second law of motion, the first law of
thermodynamics and the law of conservation of mass.
To be stored and processed on a computer, the continuous field variables in the equations describing the
basic laws must be discretized. Spatial and temporal
discretizations can lead to errors. In numerical models,
only disturbances larger than a certain pre-defined
spatial scale are explicitly considered. The effects of
smaller-scale processes must then be estimated from
the larger-scale model state, which is referred to as
parameterization.
Even for models with a horizontal resolution of several
kilometres, many processes including cloud microphysics, radiative transfer, turbulence and shallow
cumuli, still need to be parameterized. And parameterization always produces large biases. For example,
the moisture phase change, a key process for most
weather and climate phenomena, is parameterized,
which leads to large biases in models.
Many processes, such as surface flux, cumulus convection, cloud microphysics and radiation, are necessary to
describe the moisture phase change and its influences.
Due to the extreme complexity and limited knowledge,
moisture-related processes, such as cloud and feedback, remain the largest source of uncertainties in
models. Besides the model itself, the initial state for
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the model also contains biases from the observational
data. In summary, the inexactitude is rooted in the
numerical model and numerical prediction.
Incompleteness – The atmosphere is significantly
influenced by the other components of the Earth system. The oceans, cryosphere, land surface, hydrology,
composition and eco-systems all have an important
impact on weather prediction. Some environmental
interactions have been included in numerical prediction
systems for decades. With advances in atmosphere
models, an increasing number of interacting processes
among various Earth system components have been
implemented, and more details of these processes
have been resolved.
The Earth system model is an attempt to encapsulate
everything known about the Earth system, which
involves the atmosphere, biosphere, geosphere,
hydrosphere and cryosphere, along with all of the
interconnections and feedbacks among them. However, present understanding of the interactions among
various components is far from sufficient. Many important processes are still missing in model systems.
Moreover, the demand for describing interactions
has increased rapidly, along with the improvement
of numerical models. For example, after moving to
convective-scale resolution, it is becoming increasingly important to include a realistic representation
of the effects of large cities for reliable predictions
of temperature and precipitation. The incompleteness of numerical models is rooted in the extreme
complexity of the evolvement of the Earth system at
various scales.

New framework for operational weather
forecasting
The framework for operational weather forecasting
should be updated and redefined. Due to its
indispensability, the numerical model for the Earth
system will certainly be the centre of operational
forecasting in the coming seamless era. Continuous
research and development is the only way to
overcome the inexactitude and incompleteness of
numerical models.TheTriple-In properties of numerical
models highlight the research attributes of the
overall meteorological undertaking. As illustrated in
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Figure 2, the new framework of the operational weather
forecast can be divided into four sections.
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field campaigns should be designed and conducted
to promote understanding of key dynamical and
physical processes in the atmosphere and improve
model performance. For example, the Third Tibetan
Plateau Atmospheric Scientific Experiment (TIPEX-III)
(Zhao et al., 2018) and the Southern China Monsoon
Rainfall Experiment (SCMREX) (Luo et al., 2017) have
been conducted in China.
The operational NWP system should also be updated
to improve precision. For example, in short-term
forecasting, high-resolution regional models with
mesoscale processes explicitly resolved should be
used.The focus at this spatiotemporal scale is the rapid
update cycle and the involvement of fine-scale forcing
such as complex urban or mountain boundaries.

Figure 2. New framework of operational weather
forecasting

Strategical layout: towards modelling a perfect, seamless Earth system framework – In the lower quarter
of Figure 2, the indispensability of the numerical
model determines the strategical layout of future
operational forecasting: building a reliable seamless
Earth system modelling framework and making best
use of the model outputs in an objective way. This is
the primary principle of designing scientific research,
technical development and operation tasks. The rightand left-hand quarters of Figure 2 show deployments
to improve the current numerical model systems,
which aim at precision and perfection. The upper
quarter represents efforts to optimize NWP results
with recognition of uncertainty.
Capacity-building on enhancing model precision –The
right-hand quarter of Figure 2 shows the needs to
improve the precision of the model system and for
more accurate and efficient mathematical expression
and numerical techniques to be designed. Spatiotemporal resolution should be increased, fundamental
meteorological research on physical and chemical
processes should be carried out, and more reliable
data assimilation methods should be developed.
Considering the new demand of seamless prediction,
innovative and refined evaluation should be designed
and conducted to understand and trace the source of
biases in the model system. At the same time, more

Capacity-building on completing Earth system components – The left-hand quarter of Figure 2 shows
the needs to further complete the Earth system components. Interactions among various subsystems
should be analysed. A method to effectively couple
all the components should be explored, and coupling
assimilation should be designed to optimally combine
available observations from the entire Earth system.
To advance scientific knowledge on the climate and
Earth system, long-term, continuous, stereoscopic
and integrated observations for major components
(atmosphere, hydrosphere, cryosphere, land surface
and biosphere) and the interactions among them
should be deployed and implemented.
The China Meteorological Administration (CMA) has
selected five observatories with “good climate representativeness, complete historical observation data,
and mature basic conditions of observation stations”
to conduct a pilot experiment at the National Climate
Observatories since 2006. In 2019, CMA launched 24
National Climate Observatories to conduct continuous
observations for the Earth system. These 24 observatories cover typical underlying surfaces such as
grassland, forest, farmland, mountain, wetland, desert,
marine, lake and urban areas, and represent weather
and climate characteristics of 16 key zones of the
climate system in China. The long-term observations
from these stations will promote studies on exchanges
of mass, moisture and energy and interactions among
Earth system, and also supply reliable metrics for
evaluation of the coupled model system.
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Figure 3. Mean observed
(a) and ECMWF Integrated
Forecasting System model
12–36 h forecast (b) of daily
mean rainfall (units: mm/d)
average over western China for
May to June 2019. The target
region over the northern edge
of Sichuan Basin is marked by a
black dashed line. (c) Regional
averaged diurnal curves of
accumulated rainfall of heavy
rainfall events (with intensity
in peak hours greater than 5
mm/3 h) in observations (black
line) and the model forecast
(blue line). (d) Regional
averaged percentage of total
precipitation distributed with
different hourly intensity for
observation (black line) and
model forecast (blue line).

The “whole” Earth system model should be used for
full seamless weather and environment forecasting. As
the model’s resolution increases, more features of the
ocean, sea ice and land surface will be resolved, and a
much wider range of chemical and biological processes
should be involved and properly reproduced.
Real-time operation: understanding uncertainties in
the products and designing objective algorithms and
corrections – Real-time operational forecasting will
focus on the uncertainties of the numerical prediction system, corresponding to the upper quarter of
Figure 2. First, it is necessary to improve the scientific
understanding of weather and climate features at
a fine scale and in a seamless way. Second, it is
necessary to design precise metrics for evaluating
key model behaviour and critical processes and for
understanding the uncertainties. Third, based on
in-depth evaluation, it is necessary to make good
use of big data and innovate intelligent automatic
techniques to objectively correct the products of the
numerical prediction system. Through state-of-the-art
validation and emendation, a forecaster can minimize
the uncertainties of the current numerical model
system and produce a high-quality forecast.

The forecast of heavy rainfall events over the northern edge of Sichuan Basin (in south-western China)
is shown as an example in Figure 3. Comparison
between the pre-summer mean (May–June) daily
rainfall distribution from China Merged Precipitation
Analysis (CMPA) (Figure 3(a)) and ECMWF 24 h forecast
(12–36 h) (Figure 3(b)) reveals that the model forecast
generally reproduces the heavy rainfall centres over
south-western China. The location and magnitude of
rainfall centres are comparable in the target region
(marked by black dashed lines in Figure 3).
However, while the subdaily rainfall characteristics
are considered, evident biases are found in the model
forecast. For the diurnal variation of heavy rainfall
events (with intensity in peak hours greater than 5
mm/3 h), the peak hour in the model is 3 h earlier than
that in the observation (Figure 3(c)). For the distribution
of rainfall amount with different intensities, the model
tends to overestimate (underestimate) the accumulated
amount of weak (strong) rainfall (Figure 3(d)). Based on
the recognition of model biases, subdaily relationships
(diurnal cycle and intensity structure) between model
outputs and observation can be established. By using
these relationships, the correction of model outputs
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Figure 4. Distribution of observed (a), model forecast (b) and correction of accumulated rainfall model outputs of
the heavy rainfall event from 0200 LT on 27 June 2019 to 2300 LT on 28 June 2019. (e) Temporal evolution of regional
averaged rainfall during the heavy rainfall event from observation (black line), ECMWF forecast (blue line) and
ECMWF forecast after correction (red line). (f) Same as (e), but for the accumulated regional mean rainfall amount
of precipitation with different hourly intensity.

for a specific heavy rainfall event can be done in two
steps: first, the temporal evolution is postponed by 3
hours from the beginning of the heavy rainfall event
at 0200 local time (LT) on 27 June 2019; second, the
distribution of rainfall amount with different intensity
in each 3 h model output is adjusted.
Figure 4 compares the original ECMWF model forecast and corrected results against observations for a
heavy rainfall event over the target region. It can be
seen that by reducing the portion of weak rainfall,
the weak rainfall around the heavy rainfall centre
is partly eliminated, and the rainfall is stronger in
large centres. Also noted at a subdaily timescale, the
corrected peak time is consistent with the observation
(Figure 4(e)).The regional averaged rainfall distribution
with different intensity (Figure 4(f)) after correction
(red line) is more realistic compared with the original
model outputs (blue line).

The way ahead
Based on an in-depth understanding of the intrinsic
qualities of numerical models (Triple-In), a strategy
for weather operational forecasting facing the coming
new era is proposed.The indispensability of numerical
models has established their core position in operational systems.
Three directions should be deployed to overcome
the intrinsic uncertainties of the model. To reduce
inexactitude, the precision of the model system should
be improved according to major simulation and forecast biases. To overcome incompleteness, key new
processes in the climate or Earth system should be
recognized, understood and properly involved in the
model system. To make best use of indispensable
up-to-date numerical models, results should be thoroughly evaluated and corrected according to inherent
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deviations.The three directions are closely related and
have a unified core of research, which is key to pushing
development of operational forecasting forward.

Charney, J.G., 1951: Dynamic forecasting by numerical
process. In: Compendium of Meteorology (T.F. Malone,
ed.). Boston, American Meteorological Society.
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Nowcasting Guidelines – A Summary
By Franziska Schmid1, Yong Wang1 and Abdoulaye Harou2

An international expert task team on nowcasting
has developed the WMO Guidelines for Nowcasting
Techniques (WMO, 2017) to initiate a process for an
enhanced integrated and seamless WMO Data-processing and Forecasting System (DPFS).Their purpose
is to help National Meteorological and Hydrological
Services (NMHSs) by providing them with information
and knowledge on how to implement a nowcasting
system with the resources available to them and an
understanding of the current state of science and
technology. This article summarizes the guidelines.
Keith Browning first defined nowcasting in 1981 as
“the description of the current state of the weather
in detail and the prediction of changes that can be
expected on a timescale of a few hours.” In 2010, the
WMO Working Group on Nowcasting Research defined
nowcasting as forecasting with local detail, by any
method, over a period from the present to six hours
ahead, including a detailed description of the present
weather. This is the definition used in this article.12
Nowcasting is generally applied to weather that occurs
on the mesoscale and local scales over very short time
periods. Thus, the emphasis is on the need for rapidly
updated, high-resolution observations of, for example,
thunderstorms, tornadoes, hail, heavy precipitation,
severe wind, visibility (fog) and winter precipitation
types. A well-trained nowcasting forecaster requires an
integrated display system that contains observations
from the various instruments and sensors on the
same display with the same grid spacing for each
dataset. Types of observation include radar, satellite,
lightning networks, surface stations, wind profilers and
radiosondes. During periods of high-impact weather,
forecasters should be continually monitoring the
1

Central Institution for Meteorology and Geodynamics
(ZAMG), Austria

2

WMO Secretariat

latest observations via frequently updated integrated
displays. In addition to high-resolution observations,
numerical weather prediction (NWP) analysis and
forecast fields and products from nowcasting systems
should be viewable on the same display.

Observations and nowcasting techniques
While surface and upper-air observations are important
for nowcasting purposes, only remote-sensing systems
can adequately provide high-resolution spatial coverage. Sophisticated nowcasting techniques exist in
developed countries where radar systems are mature
and robust. However, in less developed countries and
remote areas, the required operational radar systems
needed for nowcasting are missing.
Weather radar systems are the most important instruments for nowcasting, particularly for convective
weather phenomena. However, these instruments are
also the most expensive and sophisticated, and are
difficult to maintain. Radar systems have advantages
over all other observing systems when it comes to
nowcasting the phenomena associated with precipitation because they directly observe precipitation
particles in three dimensions over a large area with
an update rate of a few minutes. At radar ranges of
< 60 km, the resolution of the precipitation is < 1 km.
This makes it possible to: (a) estimate rainfall rates
and amounts; (b) observe the three-dimensional
(3-D) structure of a storm, which has proven useful in estimating storm severity; and (c) obtain the
movement of storms, which is central to nowcasting.
With the addition of Doppler capability, wind can be
estimated. This has proven particularly valuable for
the issuing of warnings for tornadoes, microbursts
and other damaging winds. With the further addition
of dual polarization (transmitting and receiving two
differently polarized wave forms), it is possible to
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differentiate precipitation particle type (rain, snow or
hail) and to identify non-precipitation echoes such as
insects and ground clutter. This is particularly useful
for data quality control, identifying precipitation type
and improving precipitation estimates.
Surface weather stations are sparsely located and/or
of poor quality in many regions of the world. Existing stations may be sited incorrectly (not according
to WMO standards), not well maintained and have
limited communications established at the sites for
real-time monitoring. In developing countries, the lack
of resources to acquire and deploy instrumentation
and the lack of training of local weather service staff
to properly site, calibrate and maintain the equipment
amplify the issues of poor-quality observations. As
commercially available meteorological instruments are
relatively expensive, instrumentation that fails, or is
stolen, is often not replaced. The result is that weather
observations in critical regions are not available.
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low-cost weather instrumentation. The goal is to
provide technology to weather services in developing
countries so they can build, deploy and maintain their
own surface observation network. Instrumentation
has been designed using innovative new, low-cost
technologies such as 3-D printers, small inexpensive
computing systems (for example, Raspberry Pi) and
wireless communications. If the station gets destroyed
or a sensor fails, it can be replaced at low cost using
3-D printer designs. With the advent of the Internet,
wireless communications, mobile phone coverage
and faster computers, the technology now exists for
rapid transmission of surface-station data.
Different nowcasting methods exist that vary from
simple extrapolation of radar precipitation echoes
or animated loops of clouds observed by satellite,
to sophisticated systems that combine output from
feature detection and nowcasting algorithms with
rapidly updating, integrated displays of observations
and NWP output. The transitory nature and smaller
scale of some types of weather (for example, tornadoes and microbursts) generally dictate the type of
nowcasting techniques that can be applied for severe
weather warnings; in this case, simple extrapolation
techniques are frequently employed. (For weather
phenomena with longer timescales and larger spatial
extent, nowcasting systems have been designed to
use observations in combination with NWP forecasts
to extend the nowcasting guidance out to 6 hours.)

The Guidelines for NowcastingTechniques was published
by WMO in 2017 and is available online: https://library.
wmo.int/doc_num.php?explnum_id=3795

An expert system to nowcast thunderstorms may use:
(a) satellite to monitor cumulus cloud lines (convergence lines) and cumulus cloud growth; (b) radar to
identify thunderstorms, their intensity and motion
as well as boundary-layer convergence-line location
and motion; (c) lightning and lightning tendency to
fill in locations of thunderstorms and their evolution
not observed by radar; (d) upper-air temperature,
moisture and winds to obtain vertical wind-shear
and stability profiles to estimate potential storm type;
and (e) surface stations to monitor potential changes
in atmospheric stability. Limited observations are
available in many locations around the world, and
thus the ability to nowcast specific phenomena varies
significantly.

In these data-sparse regions, an international initiative has been established to develop and deploy

Quantitative nowcasts of rainfall are based on extrapolation of the observed rainfall field forward in time.
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The advection that is used for the nowcast is based
on the apparent motion that has been analysed using
the latest radar images. Typically, the advection is
estimated using a cross-correlation or optical flow
technique that uses tiles of 20–40 km in size. The
technique that is used to advect the image forward
in time usually requires an estimate of the advection
at each pixel in the field. Some form of interpolation
is required to distribute the advection estimates from
the tiles onto the entire image. Extrapolation algorithms first identify storms as objects in the current
radar scan and then track the motion of the storm by
identifying the same object in successive scans. This
approach is called cell tracking and is suitable for
identifying and tracking severe convective storms.
Typically, the data are used as input to systems that
generate warnings for the hazards that are associated
with severe convection: large hail, damaging wind,
heavy rain and lightning.
Automated tools and systems are highly desirable
because of the very short time periods associated with
nowcasting. Automated nowcasting systems are available worldwide for the extrapolation of precipitation
and severe storms. Other nowcasting tools are used
for quickly detecting trends in storm characteristics,
such as intensity, size and movement. Many of these
tools have proven particularly successful for warning
purposes, for example, for microbursts, mesocyclones
and heavy rain accumulations. Users of nowcasting
systems are often in need of real-time information
for their downstream applications and for a quick
assessment of the current weather situation. Consequently, the available computation time is limited, in
particular for meteorological parameters with a high
update frequency such as precipitation.
In contrast to NWP models, which feature a high
level of sophistication and comprehensive physics,
resulting in long computation times, nowcasting
systems must be kept comparatively simple and often
exhibit heuristic approaches. In this context, heuristic
means that limitations in a method (for example,
uncertainties, inaccuracies and limited applicability) are
accepted with regard to an otherwise disproportionate
expenditure of time or resources. These nowcasting
methods or tools have different limitations depending
on the regions they are designed for or the main goal
they are used for.
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The most accurate warnings of severe convective
weather require human involvement. First, the nowcaster should examine the synoptic pattern and NWP
forecasts. Based on the nowcaster’s knowledge of the
local climatology and conceptual models of severe
storm evolution for the local area, the nowcaster
should decide if severe weather is likely for the day.
Second, the nowcaster should conduct an analysis of
the latest local sounding, if available, for vertical wind
shear and stability and likely changes that may occur
during the day. Based on this analysis, the nowcaster
should estimate the type of storms that might occur,
such as supercells, multicells, single cells and squall
lines.Third, if rapidly updating satellite and/or radar are
available, the nowcaster should continually monitor
for boundary-layer convergence lines – locations
where storms are likely to first develop. Once storms
develop, and if a radar is available, the primary focus
should be to look for features or signatures that might
signal imminent severe weather. These signatures
include high reflectivity, velocity rotation couplets,
divergence velocity couplets, and bow and flare
echoes. The nowcaster should then use automated
extrapolation techniques to pinpoint future locations
of severe weather.

Quality of nowcasting information and
training
The methodology and metrics of nowcast verification
should be carefully chosen to produce information
that is meaningful to the user. A two-way dialogue is
necessary to ensure that users obtain the information
they require. As a basic guide for developing nowcast
verification, those responsible should: (a) understand
the needs of users interested in nowcast verification;
(b) identify verification methods and attributes that
can answer the questions of interest; (c) select metrics
and graphics that appropriately measure and represent
the attributes; (d) identify and collect a representative
matched set of forecasts and observations; (e) compute
verification metrics using, for example, free available
verification tools and packages such as Model Evaluation Tools and the R verification package; (f) depict
the verification results in ways that are meaningful to
users; and (g) make nowcast quality assessments on
a routine basis to provide ongoing information about
nowcast performance. (For more details on verification

66

Vol. 68 (2) - 2019

of nowcasts, see Forecast Verification for the African
Severe Weather Forecasting Demonstration Projects
(WMO, 2014) and the WMO Joint Working Group on
Forecast Verification Research website at www.cawcr.
gov.au/projects/verification.)
Nowcasting needs to generate scientifically correct
products and also needs to explain to the customer
how to use these products. Thus, continuous training
in meteorology and in communication is necessary
for successful nowcasting. Trainers must rely on high
scientific expertise and social and pedagogical competencies (see WMO (2013) for more details). Skilled
forecasters and trainers in many meteorological
disciplines are necessary, which is usually impossible
for one training institute. Thus, international cooperation is needed to deliver training in nowcasting that
fulfils the requirements according to WMO. Several
organizations provide resources that are useful for
those conducting nowcasting training. Below are four
key examples to consider:
1.

WMO: the link www.caem.wmo.int/moodle/ leads
to learning resources of aeronautical meteorology
that can be also used for nowcasting training. The
link etrp.wmo.int/moodle/ contains resources for
instructors and training managers. Additional
assistance in education and training, also in
relation to nowcasting, is given at public.wmo.
int/en/resources/training.

2.

European Organisation for the Exploitation of
Meteorological Satellites (EUMETSAT): the link
www.eumetsat.int/website/home/Data/Training/
leads to training courses and a training library.

3.

European Meteorological Training (EUMETRAIN)
(www.eumetrain.org): an international training
project, sponsored by EUMETSAT, that offers
training material (manuals, interactive training
modules, case studies, online teaching and
courses) and training support in the field of satellite
meteorology.

4.

Cooperative Program for Operational Meteorology,
Education and Training MetEd (COMET MetEd)
(www.meted.ucar.edu/): online training resources
are available for all fields of meteorology, hydrology
and climatology, and for different target groups.

Applications of nowcasting
An important aspect in nowcasting is the early detection of situations conducive to warnings and the rapid
dissemination of this information to communities.
Adequate application of nowcasting products and
correct response to warnings could significantly contribute to the optimization of protective measures and
the reduction of losses due to disasters. Population
and economic growth have increased the number of
lives at risk during severe weather and the financial
impacts resulting from severe storms. Meanwhile,
modernization of societies means that meteorological
information is now indispensable to people’s daily
lives. Compared to the more specific and narrower
requirements for nowcasting products in specialized
areas (such as aviation, road, hydrology and marine
applications), requirements of general-public nowcasting bring a wider variety of expectations on nowcasting
products. These requirements are for severe weather
phenomena and also on different kinds of elements
that are relevant to safety, health, daily life, tourism
and entertainment.
Some aviation nowcasting systems, such as the Convective Nowcasting Oceanic system, blends polar
orbital and GEO satellite observations with global
model forecasts to produce 0–2 hour nowcasting of
thunderstorm hazards (turbulence, icing and lighting)
along aviation routes over the oceans. The accumulation of ice on taxiways, runways and aircraft due to
freezing precipitation also greatly affects the safety
and efficiency of aviation. The Weather Support to
De-icing Decision-Making system, developed in the
United States by the National Center for Atmospheric
Research (NCAR) Research Applications Laboratory,
is a real-time, operational system run at airports
that provides aviation users with current and shortterm forecasts of weather conditions, including the
liquid-equivalent snowfall rate during winter storms.
The system combines radar reflectivity information
with precipitation rate from a network of surface
precipitation gauges and uses a cross-correlation
tracking algorithm to produce 60 minute nowcasting
of precipitation rate on the ground. The system also
provides alert information when icing conditions
(freezing drizzle, freezing rain, freezing fog and frost)
are observed. Displays at the operational facilities
of the airport show the detection and nowcasting
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products, giving airport operations personnel the
ability to observe and monitor changing weather
conditions in real time.
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•

Verify the quality of nowcasting products according
to the weather phenomena and users’ requirements

•

Ensure that forecasters play a vital role in the
nowcasting processes, despite the availability of
automatic nowcasting techniques.

Recommendations
While they were working on the Nowcasting Guidelines, the expert task team developed the following
recommendations for NMHSs interested in building
or developing nowcasting capability:
•

Contact the WMO DPFS division to be put in
contact with experts for assistance

•

Engage end users to identify and prioritize their
needs and requirements related to high-impact
weather warnings

•

•

•

•

•

Assess all the available observations in terms of
high data quality, timely transmission to a central
point, data display and storage, and address
deficiencies
Identify, in consultation with experts, the gaps
in observations, infrastructures and available
resources, and determine feasible nowcasting
solutions to address the high-priority needs of
end users
Develop a plan for an efficient seamless nowcasting
system that integrates observations, automated
nowcasting techniques and models that are all
displayed on a common workstation; this plan
should include collaboration with neighbouring
countries to share data and model products
Develop a plan to ensure long-term technical
support, training and expertise to keep equipment,
hardware and software updated, calibrated and
operational
Develop a plan that ensures sustainable nowcasting techniques, continuous forecaster training on
all aspects of nowcasting processes and, where
appropriate, takes advantage of WMO Severe
Weather Forecasting Demonstration Project training workshops and available material

The Nowcasting Guidelines contain much more
information than be covered in a short article. We
encourage all NMHS to use the publication to develop
their nowcasting capability.
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Origin, Impact and Aftermath
of WMO Resolution 40
By John W. Zillman1
The adoption of Resolution 40, WMO Policy and
Practice for the Exchange of Meteorological and
Related Data and Products including Guidelines on
Relationships in Commercial Meteorological Activities,
by the Twelfth World Meteorological Congress in 1995
(Bautista Pérez, 1996) remains a watershed event
in the history of WMO. In some respects, it marked
the end of what has been called the golden age of
international cooperation in meteorology. That period
extended from the early nineteenth century (Daniel,
1973) to the origin of the International Meteorological
Organization (1873) and its successor WMO (1950),
and the remarkable achievements of the WMO World
Weather Watch (WWW) and the Global Atmospheric
Research Programme (GARP) from the 1960s through
to the 1980s (Davies, 1990). 1
By the mid-1980s, the century-long tradition of universal
international cooperation and data exchange was coming
under severe pressure. Governments in several parts of
the world sought to implement market mechanisms for
the provision of many public services that had previously
been provided by the public sector.The application of the
new commercial approach to the work of governmentfunded National Meteorological Services (NMSs) soon
led to competition and conflict among previously closely
cooperating NMSs, and tensions among formerly
complementary public, private and academic sectors.
Most seriously of all for meteorological service provision
at the national level, it led to various kinds of restrictions
on the free exchange of observational data and products
among WMO Members. By the early 1990s, international
meteorological cooperation was in crisis, and WMO was
on the verge of an international data war (Zillman, 1997).
The Eleventh Congress in 1991 and sessions of the
WMO Executive Council in the early 1990s attempted
1

Permanent Representative of Australia with WMO 1979–2004;
President of WMO 1995–2003

to find a solution through the introduction of new
concepts such as “basic” and “special” meteorological
services. However, deep divisions opened up within
the Executive Council. Some Members supported
the maintenance of free exchange while others
favoured, or saw no politically viable way of averting,
the commodification of meteorological data and
the wholesale commercialization of meteorological
service provision. An Executive Council Working Group
struggled to achieve sufficient consensus on a way
ahead to present the 1995 Congress with a policy
framework for averting the feared global data war. It
came up with a range of possible compromises, but
none could bridge the deepening philosophical gulf
within the WMO community.
When the Twelfth Congress opened on 30 May 1995,
the data exchange issue was almost immediately
passed to an offline open subgroup. This group
worked late into the night for the first few weeks of
the Congress to attempt to reach consensus on the
essential elements of a solution. The basic principles
and details in the wording of possible Congress
resolutions were hugely sensitive for some countries.
Most Permanent Representatives carefully considered
how the wording in each proposal would affect their
own NMSs in ongoing conflicts over data exchange
with their neighbouring NMSs or with their domestic
private or academic sectors. At one stage, it seemed
likely that the debates and negotiations would run out
of time and that the Twelfth Congress would witness
the end of the free and unrestricted international data
exchange that had underpinned global cooperation
and national meteorological service provision for
more than a century.
Eventually, with time and delegations’ stamina running
out, the group drew together a single draft resolution
on policy and practice, supported by four annexes,
into a “Pink” document (remembered by those who
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Twelfth World Meteorological Congress, 1995
(from left to right): Dr A. S. Zaitsev, Assistant
Secretary-General; Dr J. W. Zillman, First
Vice-President; Mr Zou Jingmeng, President;
Professor G. O. P. Obasi Secretary-General; and
Mr M. J. P. Jarraud, Deputy SecretaryGeneral
(WMO/Bianco).

were there as “Pink 64”) to go straight through the
group’s parent Working Committee without discussion
for direct consideration by Plenary. When Pink 64 came
up for discussion in the Plenary on the afternoon of 21
June under President Zou Jingmeng, the atmosphere
was electric. When the President invited interventions,
everyone looked around to see which delegation would
ask for the floor to shatter the fragile consensus on the
draft resolution – none did. Then, just as the President
brought down the gavel to declare the resolution
adopted, and delegates rose in standing ovation, New
Zealand (Dr Neil Gordon) asked for the floor, but it
was too late. When the applause eventually subsided,
Dr Gordon spoke, not to challenge the resolution or
puncture the euphoria of its adoption, but to engage
in the whimsical award of bottles of New Zealand
wine to several of the principal protagonists in the
preceding years of divisive debate.
The sense of relief across the assembled WMO community was immense. Without really understanding
all the implications of what they had adopted, the
Congress recognized that the international meteorological community was again united and that it had
re-established “free and unrestricted international
exchange” as the fundamental policy foundation for
international cooperation through WMO. At social
events that evening, everyone agreed that WMO must
never again allow itself to get so near to collapse.
Resolution 40 consisted of two pages of text and
three pages of annexes. Its core was an unambiguous
reaffirmation of free and unrestricted international
exchange as a fundamental principle of WMO
coupled with a new distinction between what would

become known as “essential” and “additional” data
and products. The statement of policy read: “As a
fundamental principle of the World Meteorological
Organization (WMO), and in consonance with the
expanding requirements for its scientific and technical
expertise, WMO commits itself to broadening and
enhancing the free and unrestricted international
exchange of meteorological and related data and
products.”
The supporting text defined the free and unrestricted
concept, and spelled out the critical distinction
between essential and additional data in three short
statements of how Members should, in practice, deal
with various types and categories of data.The annexes
provided important, though somewhat ambiguous,
guidance on various aspects of commercial relations
among NMSs and relations between NMSs and the
private sector. Delegations returned to their countries
proud that they had saved international cooperation
through WMO, but with substantial challenges still
facing them in the interpretation and implementation
of Resolution 40.
Much of the following decade was taken up with
clarifying and bedding down Resolution 40 and
gradually extending the basic concept of free and
unrestricted exchange to related hydrological and
oceanographic data exchange. It also found its way into
the design of the Global Climate Observing System and
the United Nations Framework Convention on Climate
Change, and helped inspire the Geneva Declaration
of the Thirteenth Congress in 1999. Later, it helped
shape data policies for the Global Earth Observation
System of Systems.
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Unfortunately, fear of reopening the basic issue of
free exchange dissuaded many of those who had been
deeply involved in 1995 from attempting to build the
essence of Resolution 40 into the WMO Convention.
Then, as international cooperation gradually returned
to something approaching the stability of its golden
years (Zillman, 2018), the Resolution 40 generation
gradually faded from the scene and the traumas of
the 1990s were largely forgotten.
Now, with new tensions emerging over international
data exchange (Blum, 2019) and a new Geneva
Declaration from the Eighteenth Congress in 2019
calling for new initiatives to strengthen the global
meteorological community, it seems timely to revisit
some of the issues addressed and lessons learned
from the Resolution 40 experience.
As one of the survivors of the traumas of those times,
I continue to believe that the basic philosophy of
Resolution 40 remains central to the effectiveness
and stability of the evolving public–private–academic–
media partnership on which the integrated global
system for provision of weather and climate services
in every country depends. I also believe that the
uniquely public good character of most essential
public forecasting, warning and information services
makes the voluntary cooperative provision of the
underpinning global meteorological infrastructure a
fundamental responsibility of national governments
and free and unrestricted international exchange of
data and products is a continuing global imperative
for meteorology in the twenty-first century.
A more detailed brochure on the Resolution 40 story
will be released in 2020.
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The New WMO Community
Platform
By Florian Teichert1

The WMO Community Platform launched at the
Eighteenth World Meteorological Congress (Cg-18) in
June. Its first module, the Experts Database (contacts.
wmo.int), replaces the static Pub5 with an interactive
self-service system that allows Members to review and
update information about experts and organizations.
In September, the Platform’s new revamped
extranet − organized by activity area and integrating
events and document sharing for working in
teams − went live.The new extranet (community.wmo.
int) functions as a one-stop shop with personalized
dashboards showing news items, events and
notifications for pending tasks depending on your
role in WMO. As more modules roll out through the
remainder of 2019, the Platform will revolutionize the
way Members and partners interact with each other
and with the Secretariat.1
The Platform’s tools create an environment for
collaboration and information sharing, and a more
integrated view on activities reflecting the infrastructure
and services paradigm stipulated in the WMO Reform.

Motivation for the platform
In an integrated Earth system approach − the basis for
the WMO Reform − the stress is on the cross-sector
and cross-community processes. While creating great
synergies through the reduction of redundancies in
different areas, this change will transform the work
environment of WMO experts and staff.
The WMO Reform will work to develop the vision of
integrated infrastructure and the tailoring of weather,
climate, water and related environmental services,
supporting the new way of working with a strong focus
on partnering and innovation. The WMO Community
1

WMO Secretariat

Platform also aims to support continual improvement
through enhanced Member profiles and tailored
dashboards for monitoring and evaluation.

Improve Communication & Digitize Processes
The Platform is set out to improve the way everyday
tasks and communications are conducted with the help
of modern Information Communications Technology
tools. The Platform aims to:
1.

2.

3.

Improve communication by providing collaboration, document management and knowledge
management tools
Consolidate business relevant information and
visualization for decision-makers in tailored
dashboards and Member profiles
Digitize and document WMO administrative
processes.

Therefore, where WMO regulations permit, paperbased processes have been or are being digitized.
There are now electronic workflows for:
•
•
•

The nomination and approval of experts as
members of WMO bodies
Updating information about organizations and
experts
Answering surveys

Registering for participation in an event, and travel
claims after a meeting will also become digitized
functions in early 2020.
In addition, the Platform absorbed – consolidating and
modernizing – a number of legacy tools, including Pub5
and the Country Profile Database (CPDB). Redundant
solutions created over the years to collect contact
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Landing page for WMO Experts with access to personal features.

information and group memberships, share documents
and organize meetings are being integrated into this
corporate solution to create a single authoritative
source with reliable information on the composition
and activities of WMO.
The up-to-date digital solutions implemented in the
Platform make bureaucratic procedures more efficient
so WMO experts and staff can concentrate on delivering
on their core tasks for the Organization. Barriers
to international communication and collaboration
are reduced. Transparent access to ongoing work
enables new contributors to join discussions. This
will open up a new source of expertise for WMO
from academia, whose experts rarely participate in
international intergovernmental conferences.
The Platform aims to facilitate the participation of
current and future WMO experts in the creation of
the best possible knowledge products for the WMO
Community and the international community to address
global issues such as climate change. In practice, a

significant part of that work is executed outside of
WMO in bilateral efforts between Members and in
development projects involving Member experts.
The knowledge and experience gained on the ground
does not necessarily find its way into official manuals
and guides of WMO. The Platform will support this
work while also documenting progress. Everyone
in the WMO Community will be able to publish and
retrieve documentation by full-text search of shared
content. The Platform will help to break boundaries
and connect experts with common interest.
In parallel to the implementation of the technology
itself, the project team at the WMO Secretariat has
started to establish processes and define roles to
better involve Members. Collection of data and
information tailored to the needs of decision-makers is
a Member-driven effort to increase accountability and
transparency. Feedback from the community will drive
future development of the Platform, in collaboration
with the WMO Secretariat.
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Interactive dashboard created from information provided by WMO Members.

Overview of features

•

A central repository and database to streamline
surveys avoiding redundant questions to Members.
The data collected can be reused in multiple
contexts.Together with Member and partner profile
information, comprehensive dashboards can
be tailored to different user groups to support
evidence-based decision-making on many levels as
well as comprehensive monitoring and evaluation
against a variety of strategies and performance
indicators.

•

Online discussion forums for experts to connect
on specific subjects of interest independent of
affiliation or group membership to find and provide
practical help on a peer-to-peer basis.

•

Document collaboration and task tracking
capabilities for WMO constituent and working
bodies, as well as focal points, ad hoc groupings,
event and meeting participants, etc.

The WMO Community Platform will provide the
following features for WMO experts and partners:
•

•

A centralized Experts Database with self-service
functionality to keep contact information, roles and
group memberships up-to-date. Several processes
from group nominations to travel claims will
use the same information avoiding redundant
maintenance and reducing errors.
Member and partner profiles used to collect
information about countries and territories as
well as partner organizations. Self-assessment
information can be updated by the Members
and partners themselves. These profiles will be
enriched with data harvested from WMO and
external databases, including WMO projects,
WIS/WIGOS related databases and country and
project information from development partners
such as the World Bank.
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Overview page to access WMO Member/Partner profiles.

To improve the WMO Secretariat’s support for Member
and partner organizations, a number of internal support
processes will be integrated, including:
•

Event management (invitations, participant tracker,
agenda publication, printing badges and handling
travel claims)

•

Task assignment and follow-up on requests to
ensure that communication is not lost or delayed.

For a smooth transition to the new Platform, a large
amount of data and information formerly stored in
legacy systems, decentralized databases, spreadsheets
and websites have already been, or will soon be,
migrated.

Benefits for Members
Once all features come together, the power of a fully
integrated WMO Customer Relationship Management
(CRM) and Business Intelligence (BI) solution will
dramatically improve transparency and collaboration,
empowering all Members' experts to partake in the
regulatory process and keep an eye on implementation
efforts. It will make WMO more accessible to other
communities and sectors, including academia and
the private sector, in the spirit of integrated Earth
observations for weather, climate, water and related
environmental services, for the benefit of the global
community.
Based on this consolidated repository of business
data, monitoring and evaluation can be systematically
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improved, more comprehensive Member profiles
can be created, as well as thematic dashboards for
different stakeholders to better support evidence-based
decision-making.
The WMO Community Platform is more than an ICT
project. It changes the way the WMO Community
interacts and how it values collaboration and
partnerships. Increased accessibility and capabilities
to cross-analyze and visualize information will bring
new insights and participation for good governance.
Making this digital transformation a reality depends
on the contributions of all Members and partners. The
Platform is for you. You are its users and owners. It is
up to you to fill it with life.
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