Compilation of Inputs to the
WMO Open Consultative Platform White Paper #2
Future of National Meteorological or
Hydrometeorological Services:
Evolving roles and responsibilities
(Annex to WMO No. 1294)

Unedited original inputs from contributors

Contents
A message from the Lead Author ........................................................................................................... 1
About this White Paper........................................................................................................................... 2
Inputs of White Paper Contributors ....................................................................................................... 6
Ishaam Abader .................................................................................................................................... 6
Klemen Bergant................................................................................................................................. 13
Fabio Bernal ...................................................................................................................................... 17
Jan Bester .......................................................................................................................................... 25
Tom Copping ..................................................................................................................................... 30
Penny Endersby and Jeremy Tandy .................................................................................................. 37
Phil Evans .......................................................................................................................................... 52
Naoyuki Hasegawa ............................................................................................................................ 56
Stephen Hunt .................................................................................................................................... 66
Arlene Laing ...................................................................................................................................... 72
Albert A.E. Martis .............................................................................................................................. 77
Elena Mateescu ................................................................................................................................. 81
Florence Rabier and Fabio Venuti ..................................................................................................... 94
Yuri SIMONOV ................................................................................................................................. 103
Roar Skålin ...................................................................................................................................... 107
A.R. Subbiah .................................................................................................................................... 116
Ken Takahashi Guevara ................................................................................................................... 120
Tran Hong Thai ................................................................................................................................ 137
Vladimir Tsirkunov .......................................................................................................................... 149
Louis W. Uccellini ............................................................................................................................ 152
Guoutai Zhuang............................................................................................................................... 171

A|Page

A message from the Lead Author

The Open Consultative Platform (OCP) White Paper #2 on Future of
National Meteorological or Hydrometeorological Services: Evolving
roles and responsibilities addresses issues, trends, challenges, and
opportunities under the overarching question “How do we see the
NMHSs in 2030?” It presents the analyses and visions of worldleading experts in the relevant areas upon the key questions as to
how NMHSs can meet the challenges and opportunities, mitigate
potential disruptive factors, and engage with stakeholders from all
sectors of the weather, climate, and water community to better serve
society.
This compilation is an Annex to the White Paper #2 composed of the
original inputs from all contributors. The high quality of these
contributions with the various views, the originality of the ideas, and
even the existing controversies in trying to predict the future, justify
the need to keep this record of inputs as an additional reading to the
White Paper. It also demonstrates the fair and transparent approach
of the OCP as a WMO mechanism fostering public-private-academic
engagement.

Gerhard Adrian
President of the German Weather Service
(Deutscher Wetterdienst (DWD))
Permanent Representative of Germany with WMO
President of WMO
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About this White Paper
The white paper has been developed with the contribution from 21 experts from all sectors of
the weather and climate enterprise. They have been invited to provide their inputs in a
structured way by answering following 12 questions.

Questions:
•

Contributing Authors are expected to write answers to twelve questions with
annotation and whatever they may wish to write, in free format (marking what
questions you are answering to) and send to tkimura@wmo.int and ppe@wmo.int
OR by using Microsoft Forms.

•

In relation to the underlined statement above, we have also provided a space in the
Microsoft Forms for you to fill in freely, regardless of the 12 questions.

•

In particular, especially with regard to the answers to Q1 through Q3, which
relate to legal and institutional frameworks, because of the variety of frameworks and
challenges faced by each Member, a detailed description of a Member's constitution
(= laws and regulations) may not always be useful to readers such as Permanent
Representatives. For this reason, contributing authors are requested to explain
how your NMHS is operating effectively under your country's laws and
regulations and in line with key principles that will guide other Members
moving forward in the future, for the benefit of the Permanent Representatives
and others reading this White Paper.

•

Q1. [For PRs only] How do your national legislative and institutional framework define
your NMHS’s roles and responsibilities?
Please describe how your national legislative and institutional framework defines your
NMHS’s roles and responsibilities (or, positions) within the Government, such as
mandate, authority, and organization, including the modalities for engagement with the
private and academic sectors as well as civil society. When you describe, please briefly
specify what is defined by which principal act(s), decree(s), or other rules and
regulations.

•

Q2. [For PRs only] How have your NMHS's leading functional roles and responsibilities
defined by your legislative and institutional framework developed and are expected to
evolve? *
Would you please describe how your NMHS's main functional roles and responsibilities
as well as interactions with government/non-government players have developed, and
do you expect to evolve in such matters as: (i) your NMHS's mandate, e.g., from
aviation meteorological services to general and aviation meteorological services, (ii)
whether your legislation has ensured or will ensure (ii-1) the authority for
meteorological/hydrological warnings and (ii-2) compliance with obligations under
relevant international treaties/conventions, and (iii) role(s) from a provider (of
infrastructure, information, and service) to a provider and a regulator/promoter?
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* Contributing authors other than PRs are kindly requested to provide your view
on this matter, especially on your expectation of evolution.
•

Q3. How is your data policy defined in your legislative and institutional framework?
Would you please describe how your legislative and institutional framework defines
your NMHS’s or country/territory’s data policy and data provision mechanism? In
other words, how your NMHS provides data for the use and service provision by
entities other than NMHS, including modalities of data provision: free of charge or at
cost, or there are charges for them. Please also describe your prospects on relevant
opportunities and challenges in the changing landscape including the expected
impact of the draft WMO Unified Data Policy (Recommendation 3 of EC-73 (Doc.
4.2(2)/1 of EC-73) on the relation with the stakeholders of your organization.
* Contributing authors other than PRs are kindly requested to provide your
view on this matter, especially your expectations.

•

Q4. How should the role of NMHS directors change in the future? (Q1- and Q2-related
question)
Please describe the role of the NMHS director of your country/territory now, including
whether your NMHS regulates the meteorological and hydrological service system of
your country/territory comprised of multi-sectoral stakeholders of your
country/territory. How should/could the role change because of the evolving
landscape of increasing the weather and climate enterprise stakeholders?
Background: Most of NMHS Directors (i) play the role of principal delegate at the
World Meteorological Congress, the supreme body of WMO, and (ii) maintain contact
with the competent authorities, governmental or non-governmental, of their own
countries on matters concerning the work of the Organization as Permanent
Representative (Article 7 (a) and (b) of the WMO Convention, and Regulation 5 of the
General Regulations).
* Contributing authors other than PRs are kindly requested to provide your
view on this matter.

•

Q5. What are the changes in the operations of your NMHS and other stakeholders in
the last few decades, and what will be the opportunities/disruptors for the
weather/climate sector in the coming 5 to 10 years? *
Please describe changes in
the operations of your NMHS
and other stakeholders in the
last few decades in the
various parts of the value
chain in the figure page,
driven by the growing
demand for
information/services and the
rapid advancements of
technology, exemplifying outsourcing or innovation conducted at your NMHSs (along
with reasons)? Please also describe challenges, opportunities, and risks for your
NMHS and all NMHSs you anticipate in the coming 5 to 10 years. What impact do
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you expect from emerging new technologies (Big Data, Artificial Intelligence, Cloud
Computing, new observation technologies, including crowd sourcing) and business
models like commercial data and information services? How will these emerging
technologies change the landscape of meteorological and hydrological service
providers?
* Contributing authors other than PRs are kindly requested to provide your
view on this matter.
•

Q6. [For PRs only] What is the business model of your country/territory's
meteorological and hydrological service?
Please describe the business model of your country/territory's meteorological and
hydrological service, including (i) who is/are the provider(s) of meteorological and
hydrological service in your country/territory, including whether entities other than your
NMHS can provide data/products/forecast/information to the public, under license or
not, (ii) your NMHS's funding modalities (e.g., primarily/solely funded by the
Government; recovered cost from users will be put to the national treasury or NMHS;
conduct of commercial services), and (iii) your business model's advantages and its
prospects for the future.

•

Q7. What is your view on the sustainability and future development of the basic
infrastructure? *
Please provide your view on the sustainability and future development of the basic
infrastructure (observation network, telecommunications network, etc.), which
underpins meteorological and hydrological service at national, regional, and global
levels. Please also provide your view on how the NMHSs should/will adapt their
operations to preserve the core public interest and stimulate progress, recognizing
emerging Infrastructure-as-a-Service including Observation-as-a-Service and other
services by the private sector. Will private-, academic- and civil-sector entities'
advocation on the necessity of basic infrastructure provided by NMHSs be helpful?
Are there some other expectations to stakeholders of all sectors?
* Contributing authors other than PRs are kindly requested to provide your
view on this matter.

•

Q8. How do your organization engage with other sector entities? *
Please exemplify ongoing concrete practices of engagement with stakeholders from
the public, private and academic sectors and civil society and provide your view on
their evolution, regardless of your NMHS's service portfolios reduction. Please also
describe cases where your leveraging of other-sector resources helped your NMHS
in this regard*, e.g.: (i) data** provision in collaboration with private-sector
companies, (ii) interaction with meteorological and hydrological industry***, (iii)
service delivery, and (iv) uptake of innovative technology (AI, cloud technology, etc.).
How have your practices of engagement or outsourcing referred to in Q4 helped your
NMHS solve financial and human resource difficulties? What do you think will be
important in finding the right balance or solution between the societal needs for vital
information/services and your financial/human resource situation?
* Contributing authors other than PRs are kindly requested to answer your
collaboration with NMHSs for their leveraging of your resource/service.
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** "data" in this list of questions mean data, products, and information of your
NMHS
*** Contributing authors other than PRs are kindly requested to read this as
"interaction with NMHSs."
•

Q9. What is your expectation for international/regional collaboration?
What is your view on and expectation for the evolution of international regional and
global cooperation under WMO and other international/regional/intergovernmental
and non-intergovernmental* organizations, including regional solutions for services
and their impact on your NMHS, the NMHSs, and relevant organizations?
* non-intergovernmental organization: e.g., EUMETNET

•

Q10. What opportunities/areas do you think NMHSs and the private-, academic-, and
civil-sector partners should collaborate on in developing countries?
What would be the possible developments and cooperation models (including through
PPE) that would allow NMHSs even in the most isolated and least developed countries
to find their path and improve their societal role, visibility, and recognition, and ensure
the relevance of developing countries’ NMHSs? Could you also describe associated
risks?

•

Q11. How will you ensure and empower talent in your organization? *
New technology, rapidly progressing automation of all processes, and services of
new modalities will require different quantities and areas of expertise and
competence among the NMHSs staff. Please describe how your NMHS plans to
secure and develop the necessary human resources and what kind of cooperation
your NMHS will need in this regard, e.g., with the academic sector.
* Contributing authors other than PRs are kindly requested to provide your
view on this matter.

•

Q12. What is your vision for your NMHS in 2030+?
Please explain your view on the trajectory that your NMHS* (or an idealized NMHS**)
should strive to follow to take the opportunities of, avoid risks related to, adapt to, or
mitigate possible changes in the coming decade of digital transformation, including the
cooperation among Members and sectors, and on how its roles and responsibilities
will evolve. Please also describe what kind of impact such evolution will bring to the
society, contrasting with the case where you did not do so in your national environment.
What will possibly inspire your stakeholders to support the organizational evolution?
How and in what area can WMO help Members (NMHSs), especially in developing
countries, in terms of the cooperation among Members and sectors?
* For PRs; PRs may wish to provide your view on an idealized NMHS instead
of your NMHS
** Contributing authors other than PRs are kindly requested to provide your
view on an idealized NMHS
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Inputs of White Paper Contributors
The inputs from the team of contributing authors are provided in alphabetical order.

Ishaam Abader
Permanent Representative of South Africa with WMO; Chief Executive Officer, South African
Weather Service

Q1.
The mandate of the South African Weather Service (SAWS)is primarily derived from the
enabling legislation, the South African Weather Service Act (Act No 8 of 2001, as amended
through the SAWS Amendment Act, Act No. 48 of 2013). Other national legislation of a generic
nature relating to matters of corporate governance, allocation and management of budgets,
access to information, and so forth, also regulate its functions. The primary mandate of the
SAWS is, inter alia, to –
•
•
•

Provide reliable weather services to support public good and the commercial ventures
of the SAWS.
Provide aeronautical and marine meteorological services.
Provide ambient air quality services.

The mandate of the SAWS is aligned to the Constitution of South Africa as it relates to
environmental matters as enunciated in section 24 thereof. The dual responsibility, that is, for
the provision of public good services and for commercial revenue generation are
complementary and is akin to the position amongst other National Meteorological and
Hydrologic Services (NMHS’s) that are not fully government funded. The SAWS is a stateowned company established by the SAWS Act. The SAW, therefore, is funded from a
government grant that covers a percentage of its overall expenditure, while it has to earn
additional commercial revenue to sustain the balance of its operations.

Q2.
SAWS work is aimed at mitigating the impacts of severe weather, natural disasters, and
climate-related challenges by delivering public and commercial services to the public and
weather-sensitive industries. SAWS is the authoritative voice for weather warnings in South
Africa.
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SAWS engages in activities driven by the focus on the core objective to maintain, extend and
improve the quality of meteorological services for the benefit of all South Africans, and its
commercial orientation operates in a range of environments from those that are highly
regulated to those that are entirely driven by the free market.

Q3.
Data policy is informed by national legislation in the form of Protection of Personal Information
Act (POPI) and other legislation impacting state institutions. The General Data Protection
Regulation (GDPR) 2016 developed by the EU is also applicable to organisations in South
Africa, it regulates the use of personal information ('data') to balance the individual's right to
confidentiality and an organisation's need to use it. The General Data Protection Regulation
(GDPR) 2016 replaces the Data Protection Act 1998.
SAWS accordingly contributes to best business practices and data sharing with, among
others, members of the World Meteorological Organization, academia and other bodies as
guided by the above legislation.
Under the SAWS Act, SAWS has a mandate to deliver both public good (funded by
government) and commercial services (user-pays model). It is expected that SAWS
endeavours to recover costs, be it services to the aviation sector, consulting projects or the
provision of data. SAWS therefore operates on a cost-recovery basis for financing its
operations and ensuring future viability.
SAWS has an Observational Data Policy (“data policy”) that guides how climate data should
be handled that is aligned to the legislation. This policy is meant to help SAWS implement the
Act by differentiating between paying and non-paying customers. Requests for data which are
to be used for commercial purposes carry a fee determined by a pricing model. Data provided
for non-commercial purposes carry a handling fee to recover some of the personnel time-costs
for extraction and dissemination of the data. Students and learners who need data for
educational purposes are exempted from the handling fee and get the data free of
charge. They must sign a non-disclosure statement, disclosing the purpose for which the data
will be used as well as acknowledging the source of the data. This business model enables
us to invest in the quality of the data provided, maintain the infrastructure to support data
provision, and develop new products that benefit the country.

Q4.
Directors of SAWS are appointed by the Minister for a limited period. The Minister considers
a number of criteria such as the expertise required, the priorities of the Government, and so
forth when making these appointments. The Directors lead the organization in line with the
strategic plan of the organisation, which is informed by, among other things, the National
Development Plan, National policy frameworks, regulations, and the priorities of the
Government.
The strategic plan outlines the goals and strategies to achieve SAWS mandate of
safeguarding life and property. The SAWS core mandate, that is, the dissemination of climate
and weather information that improves societal preparedness for severe weather events that
are associated with climate variability, underlies its functions.
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SAWS’ main priority, namely, to provide science-based weather, climate, and environmental
solutions while simultaneously growing the organisation is promoted by the Directors. The
Directors’ roles will be to increase the scientific competence, provide user-friendly
meteorological products and services and disseminate information in the most
comprehensible, user-friendly way.
They drive the strategic outputs of the organisation, namely meteorological knowledge
generation, meteorological solutions, optimal core technical capability, and internal excellence
are transferred into strategic priorities that enable SAWS to fulfill its legislated mandate.

Q5.
In this medium-term, SAWS will be working towards implementing initiatives vis-a-vis each of
its output areas, considering the results of the internal and external environmental analysis.
These initiatives are strategic priorities ranging from developing real-time, value-adding, userfriendly meteorological solutions to developing more comprehensive and value-adding
commercial applications.
Funding or financial assistance from international bodies like the World Bank, IMF, and so
forth will be sought to fund adequate meteorological solutions infrastructure.
SAWS intends to be more technologically driven – increased science solutions – better
modelling and prediction, etc. as well as the ICT advancements such as artificial intelligence
and machine learning – cloud computing – better and faster computing capability (HPC).
Other factors that may be considered disruptors for weather and climate such as increased
private sector involvement – less emphasis on financing of the sector by government and so
forth.
WMO wants to broaden the volume of data to be made available on a free and unrestricted
basis through a single, unified WMO data policy which will cover all WMO domains and
disciplines (weather, climate, hydrology, ocean, atmospheric composition, cryosphere, and
space weather). Since the new policy encompasses a broad range of Earth system data, it
calls for commitment from other national institutions outside the National Meteorological and
Hydrological Services (NMHS) to exchange data that covers the full Earth system. Hence the
new WMO unified data policy will not just impact the NMHS but other institutions that own or
manage Earth system data (e.g., marine and hydrological services) in Member countries. This
will require broad engagement and consultation with different government departments and/or
domestic institutions, up to Ministerial level, before a clear national position is established to
share data under this policy, a process that could take several months. Some institutions might
have their own data sharing policies that will not enable them to participate because they
generate valuable funds from selling their data. Particularly in the case of SAWS, the free and
open data sharing in accordance with the revised policy might imply a loss of revenue
generated from data sales and losing this revenue will put even greater cost pressure on
SAWS in sustaining observational infrastructure. Therefore, whilst South Africa agrees that
Member countries use their best endeavors to provide as much information as possible, to
support implementation of the WMO unified data policy, this should be done in accordance
with Members’ national data policies and national circumstances.
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Q6.
Government grant and commercial revenue. Income is derived from a government grant and
commercial revenue (both regulated and unregulated). With government budgetary
constraints there is increasing pressure to generate commercial revenue utilising an
appropriate pricing model, whilst maintaining world-class services and operational efficiencies.
Collaboration through strategic partnerships improves the speed to market as well as the
accessibility to customise products and services and facilitates new business opportunities
and revenue streams. Local supply chain management procurement processes are followed
to identify and appoint strategic partners.

Q7.
The SAWS is facing serious financial sustainability issues as the Government grant is being
reduced annually due to national economic challenges. Increasingly SAWS needs to compete
for and optimise the use of scarce public investment resources and needs to demonstrate that
the benefits of the services offered are significantly larger than the costs to produce and deliver
them. This includes the investments in infrastructure for the observation networks as well as
the systems required to collate and distribute data and information to various stakeholders.
Reduced public funding has resulted in an inability to modernise or extend the networks for
critical evolving requirements with a detrimental impact on the functioning of an aging
infrastructure and resulting in increasing deficiencies in the links of the value chain. This
affects SAWS’ ability to stay relevant in an increasing competitive environment and to continue
to demonstrate the positive economic and social benefits derived from its products and
services.
Funding or financial assistance from international bodies like the World Bank, IMF etc. is vital
for organisations like SAWS to implement adequate meteorological solutions infrastructure.

Q8.
Understanding the market and evolving customer requirements in key economic sectors such
as disaster risk management, energy, water resources management and agriculture and food
security informs the definition and development of both public good and commercial products
and services in each sector.
SAWS will continue to provide and expand the range of weather and climate risk management
solutions through the provision of sector-specific data, products and services delivered to
customers across various electronic channels and partnerships, to assist communities to
prepare for and respond to extreme weather events and facilitate improved decision-making
in the weather-sensitive economic sectors.

Q9.
South Africa, is a member of the United Nations (UN), an intergovernmental organisation
tasked to promote international cooperation and to create and maintain international order.
South Africa also ascribes to numerous UN Agencies and has signed and ratified various
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international treaties and conventions that relate to various sectors. However, in the context
of the South African Weather Service (SAWS) as a National Meteorological Service (NMS),
the most prominent and relevant UN Agencies are the World Meteorological Organisation
(WMO) as well as the International Civil Aviation Organisation (ICAO).
From a continental perspective, South Africa is a member of the African Union (AU), with one
of its prime objectives being to achieve greater unity and solidarity between the African
countries. At sub-region level, South Africa is a member of the Southern African Development
Community (SADC), whose overall aim is to achieve regional integration and eradicate poverty
within the Southern African region. Additionally, South Africa through SAWS, is a Member of
the Meteorological Association of Southern Africa (MASA) and a Board Member of the
Association, which coordinates the operational meteorological programmes at the SADC level
and promotes regional cooperation and collaboration. At bilateral level, the organisation has
forged bilateral relations on meteorological basis with strategic partners for mutual benefit.
Those countries include UK, Germany, USA, China, Mozambique, and Namibia, to name but
a few.
In order for SAWS to be a pivotal role player in the regional meteorological development, the
organisation leverages on its experts that are internationally recognised and serve in key
international technical bodies of WMO and ICAO. Additionally, the country hosts numerous
WMO designated regional institutions that are used as platforms for the organisation to assist
with the regional development. However, in consideration of the limited financial resources in
the region to implement these regional programmes, SAWS strives to enhance its resource
mobilisation efforts, through forging strategic partnerships with key role players within the
meteorological space, for the benefit of the region. Additionally, the organisation seeks to
establish partnerships that are aimed at enhancing regional capacity and capability
development.
The expectation is that we increase these efforts into the future for the benefit of the region,
continent, and the world at large.

Q10.
The growing demands for weather, climate and related environmental solutions are creating
real opportunities for growth and enhanced relevance for the organisation. This includes the
need to address weather, climate, and environmental impacts on social and economic
development as well as vulnerable communities locally, but also on cross-border and
transboundary related natural resource exposures and extended vulnerabilities.
SAWS will also have to invest in research and innovation as it moves forward to optimally take
advantage of new scientific insight, the rapid advancement of computing technology and the
identified trends that affect business. All these initiatives require funding or financial
resources.
Developed countries need to work together with developing countries or collaborate so that
developing countries can invest and implement meteorological infrastructure.
Areas of collaboration do have to include the following:
1. Observational infrastructure enhancement and maintenance.
2. Data capturing, quality control and archiving.
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3. Regional initiatives on the implementation of cutting-edge technologies e.g., HPC, AI,
machine learning etc. allowing developing countries to leapfrog into the
4. NWP Modelling across various timescales (Seamless Forecasting)
5. Post processing of NWP-model output in servicing various economic sectors with
products and services.
6. Weather, Climate, and water monitoring for severe warnings.
7. Operationalizing the multi-hazard early warning systems through partnerships
8. Contributing towards the Water-Energy-Food nexus research discourse in support of
integrated resource governance from the perspective of the government’s district
development model
9. Strategic partnerships including regional NMS agreements and PPE’s.
10. Enhancing collaborative programs such as twinning partnerships with international
programs in the GAW network.
11. Training and capacity building covering all of the above.

Q11.
Linking individual performance to the strategic goals of SAWS is critical to its sustainability.
Defining competencies ongoing and integrating knowledge, skills, judgement, and attributes
that employees need, to perform jobs effectively, assists to achieve these objectives and
ensure sufficient expertise to adjust for changing economic and environmental impacts. The
skillset of the atmospheric scientist (meteorologist) of the future has to be expanded. It will
have to cover all aspects of the earth system whereby an integrated and multidisciplinary
approach is required and include Atmospheric Composition (chemistry), Ocean processes,
Land surface processes, Cryosphere (ice surfaces) etc.
SAWS drive to empower talent within its workforce has led to the development of innovative
initiatives that is captured and structured within policies to enable talent development with the
organization. These initiatives include:
1. Career Ladder Framework stipulating clear guidelines for officials to progress and be
recognized within the organizational scientific and management ranks.
2. Skills development initiatives both within and external to the organization and the
management of an organizational bursary scheme for graduate and post graduate
studies.
3. Sabbatical leave and scientific exchange policies allowing opportunities to enhance
and broaden scientific perspectives that can be implemented at SAWS.
4. Graduate and Post-Doctoral policies to address specific needs and skills gaps
experienced within the organization.

Q12.
SAWS is geared towards the provision of solutions related to the impact of extreme weather,
natural disasters, and climate action.
The next decade will be characterised by society’s needs for environmental solutions,
especially its ability to mitigate and adapt to climate change. The impact of weather and water
scarcity will be among the main issues that will continue to affect the Africa and South Africa
in particular. With many inter-annual and longer- term changes expected throughout South
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Africa, the frequency and intensity of heatwaves, droughts, floods, and severe storms will
increase. This will affect the most vulnerable and socio-economically sensitive sectors of
society. In addition, growing urban populations will have unique needs challenging SAWS’s
abilities to address food security, water availability, inequality, and environmental health.
The strategic focus for the next five years will be geared towards achieving outcomes related
to the protection of lives and property against meteorological- related risks, as well as
organizational sustainability. These outcomes will be derived as a result of outputs in the core
operations of the entity which are focused towards an enhanced Meteorological-Related Body
of Knowledge, provision of Meteorological-Related Solutions to meet user needs, an Optimal
Technological Capability and Internal Excellence.
We need to increase revenue to remain sustainable and this will be included as part of the
vision, that is, decreasing dependance on the grant.
End
Other information on Communication
In its approved Communication, Marketing and Stakeholder Strategy, SAWS has consciously
aligned itself with government priority of putting ‘vulnerable communities’: as its primary/core
target audience there moving its ways of communication to that of developmental stage
looking at its population literacies being it in that of media, technology and other many
innovations and the influx thereof. For as much the world propels everyone at same speed
and not consider the demographics, vast context and environments in which different NMS
operates, common ways of communication therefore making the exercise futile. South Africa
is unique in that it has 11 official languages all of which must be equally catered for on all
forms of media/communication platforms. Stakeholder Matrix and Framework are key players
to SAWS as they assist us segregate audiences for seamless and tailor-made messaging to
different target groups with different needs and comprehension. Access is another major key
of SAWS Communication, Marketing and Stakeholder as our vulnerable target audiences are
challenged by access to technologies. The two mentioned aspects make SAWS different to
that of others but interesting and unique at the same time.
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Klemen Bergant
Executive Director, EUMETNET

Q2.
EUMETNET (www.eumetnet.eu) is a network of 31 European National Meteorological, and in
some cases also Hydrological, Services (NMHS) with diverse roles and responsibilities
according to their national legislation, which results in their diverse institutional frameworks. It
was created in 1996 by an informal agreement with a primary mission to facilitate cooperation
and collaboration among its members and to represent them externally on a collective basis,
particularly when communicating with European organizations, especially the European Union
(EU) and the European Commission (EC). In 2009, member NMHSs agreed to establish
EUMETNET as a legal body under the Belgian law, called Economic Interest Grouping (EIG),
to be able to submit project proposals and to sign contracts or agreements in its own name
with third parties including the EC or other European bodies to the collective benefit of its
members. In 2018, the Agreement for the establishment of the EIG EUMETNET was amended
to introduce additional flexibility for cooperation with third parties and for setting up new
activities with a subset of members. From its onset, EIG EUMETNET’s role has been to
support its members to develop and share their individual and joint capabilities through wellestablished cooperation programmes as well as to nurture enhanced networking in various
focus areas, such as observations, forecasting, climate, and aviation. Due to the changes in
Belgian legislation, EUMETNET will have to be transformed by the end of 2023 into a new
corporate company form, called General Partnership, which requires editorial amendments of
the EUMETNET agreement. This can be seen as a good opportunity to introduce also some
minor substantive amendments to the current EUMETNET Agreement that would make
EUMETNET an organisation fit for purpose, now and in the future, and efficiently support its
members to fulfil their duties, both at national and European levels.
In 25 years of existence, EUMETNET evolved from an informal network to an agile and flexible
organization, able to start new activities/programmes to respond to the changing roles and
responsibilities of its members. A typical example of this is EUMETNET’s current endeavour
for setting up an environment for efficient sharing of meteorological datasets of its members,
which are classified as High-Value Datasets according to the Directive (EU) 2019/1024 of the
European Parliament and of the Council of 20 June 2019 on open data and the re-use of public
sector, and will have to be available for re-use with minimal legal restrictions, free of charge,
in a machine-readable format, provided via APIs.
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Q3.
EUMETNET’s data policy is governed by the data policies of its members. Our sister
organization, ECOMET (www.ecomet.eu), provides single entry to the data policies of
European NMHSs. Some of the EUMETNET/ECOMET members have already adopted an
open data policy. It is expected that the vast majority of remaining members will have moved
to a full open data policy within the next few years as a result of the Directive (EU) 2019/1024
of the European Parliament and of the Council of 20 June 2019 on open data and the re-use
of public sector and its Implementing Act on High-Value Datasets. The WMO Unified Data
Policy will be an additional driver for extended exchange and availability of Earth system data
owned by individual NMHSs. As the policy for data resulting from collaborative activities within
EUMETNET programmes follows the data policies of EUMETNET members, it is also
expected that it will progressively move towards an open data policy as well.

Q4.
The basic purpose of EUMETNET is to create an inclusive and collaborative environment for
effective cooperation that helps its members to fulfil their official duty. Such an environment
has been encouraged by the directors of European NMHSs since the establishment of
EUMETNET.
NMHS's need for data goes beyond national borders and beyond NMHSs’ ownership,
atmospheric and hydrological models are being integrated into Earth system models,
computational services are being moved into cloud-based environments, and many of the
NMHSs already provide services on a regional or even global level. Therefore, the directors
of NMHSs worldwide will most probably have to focus more on cooperation and partnership
with other relevant national authorities, other NMHSs, academia and even the private sector,
and on shared services and infrastructure. This will improve their efficiency in fulfilling official
duty on a national level and give them a recognizable role in a wider region as well.

Q5.
In the mid-1990s a group of a few European NMHSs recognised the benefits of working more
closely together to meet some of their shared observational needs over Europe and the North
Atlantic. This led to the creation of EUMETNET, as an informal grouping of European NMHSs,
and to the first set of observations programmes that demonstrated the efficiency of this
regional approach and made it possible to invest in capabilities no one NMHS could do on its
own. Based on the success of the initial observation programmes, additional programmes to
fill the observation gaps, explore new observation methods, efficiently exchange and quality
control available meteorological data, coordinate development and provide a platform for
knowledge exchange in short-range weather forecasting, climate services and aviation
support, as well as support members with meteorological training materials has developed in
the following decades. Today EUMETNET is a legal entity according to Belgian law and has
grown and matured into a flexible setup of 31 NMHSs that other parts of the world aspire to.
By joining forces, NMHSs have been strengthened.
Innovation and interaction with non-meteorological disciplines/domains will be needed more
than ever to underline the authoritative voice of the NMHSs as we turn to multi-hazard
awareness and the assessment of impacts. In the next 5 to 10 years collaboration will be a
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key enabler for European NMHSs to fulfil their duties, both at national and European levels.
Resource mobilization through third-party funded projects plays an increasingly important role
when tackling new challenges. Recognising that NMHSs are increasingly part of a rapidly
changing world, where new service requirements and capabilities can rapidly emerge,
EUMETNET must remain agile to respond to these changes and, where new priorities emerge
for its members, seek to accommodate them.

Q7.
The main responsibility for the sustainability and future development of the basic infrastructure
will remain with individual member NMHSs of EUMETNET and with European
intergovernmental organizations, such as ECMWF and EUMETSAT. However, running
expensive infrastructure is often beyond the means of a single NMS. EUMETNET
observations programmes are tuned to cater to the needs of all participants. A cost-sharing
mechanism and the adoption of efficient regional management arrangements make it
affordable even for smaller countries. EUMETNET can also help by coordinating the
development of shared, collaborative infrastructure for data sharing and providing a platform
for the development of related soft infrastructure. An example of that is EUMETNET’s
Programme Federated Data Coordination Mechanism, which in its initial phase will try to
identify and prioritize the actions necessary to best position the European NMHS community
within the rapidly growing ‘Information Economy’, and progress these high-priority actions and
accelerate the implementation of WIS 2.0 compliant data management approaches across
Europe in support of members’ national and international needs.

Q8.
The purpose of EUMETNET is, in the collective interest of its member NMHSs, to support its
members’ official duty or core activity and to organize co-operation between its members.
EUMETNET also represents its members vis-à-vis the appropriate third parties, including
public authorities or public bodies such as the relevant institutions of the European Union
(including, but not limited to, the European Commission). In addition, EUMETNET makes it
possible for experts in various scientific and technical fields to meet and share information and
best practices and identify ways to work together on shared opportunities and challenges.

Q9.
The core of EUMETNET is international/regional cooperation. EUMETNET provides a
framework for European NMHSs to collaborate in areas such as observations, forecasting,
climate, and aviation. This collaboration, which enables members’ access to additional data,
products and services whilst optimising costs, is carried out via ”Programmes”. A Programme
delivers quality data, products or know-how and is entrusted to a member by the other
members who have agreed to collectively fund it. The outputs of the programmes help
members to effectively fulfil their official duty. Regional or global collaboration of NMHSs,
through a framework such as EUMETNET, and partnerships with relevant third parties is
probably the key to the efficient functioning of NMHSs in the future.
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Q10.
The question is not relevant for EUMETNET as a network of NMHSs, but for its individual
members.

Q11.
EUMETNET is a network of NMHSs with a small Secretariat. To provide the best possible
support to our members, we strive to attract talented individuals with a wide range of
experience to positions in the Secretariat and provide them with opportunities to further
develop their talents and abilities, e.g. through training. As most of the coordination work of
the Secretariat can be done remotely, EUMETNET can attract talented individuals from
different parts of Europe. From the perspective of our members, EUMETNET programmes
provide a stimulating environment for the professional and managerial development of
talented individuals in an international setting.

Q12.
It is EUMETNET’s vision to provide an agile, responsive, and efficient environment for
collaboration of the European NMHSs and to be a relevant representative of its members
towards third parties. With that we will support our members in achieving their individual and
collective visions, the latter being regularly agreed upon and updated as a part of the common
Strategy of the European National Meteorological and Hydrological Services. In the light of
this strategy, EUMETNET will contribute to the improved observation coverage in data-sparse
areas, efficient use of emerging observation data types, and setting up a federated European
data infrastructure. It will also contribute to the development, standardization and
dissemination of multi-hazard and impact-based warnings, as well as to scientific and
technological development in various fields of meteorology and climatology. EUMETNET will
further stimulate collaboration among the members and partnerships with relevant
international public agencies, academia and the private sector, and provide a platform for the
preparation of common positions of European NMHSs. Having a common position on
important issues, such as climate change, the role of NMHSs in aviation support etc., will
increase their visibility to key decision-makers, strengthen their authoritative voice on a
national level, and help their capacity to support EU and wider strategies being well
recognised.
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Fabio Bernal
Vice-chair, WMO Regional Association III (South America) Working Group on Hydrology and
Water Resources; Institute of Hydrology, Meteorology and Environmental Studies of Colombia
(IDEAM)

Q1.
Law 99 of 1993 created the Institute of Hydrology, Meteorology and Environmental Studies
(Ideam). Its main function is to be the scientific entity in charge of collecting environmental
information and monitoring the state of natural resources that constitute the country's
environmental heritage. This law formed the National Environmental System (Sina) and
created the Ministry of the Environment as its governing body.
Subsequently, decree number 291 of 2004 modifies the structure of the Institute of Hydrology,
Meteorology and Environmental Studies, IDEAM.
Through this, some Ideam functions are: Carrying out studies and research on hydrology and
meteorology that prior to Law 99 of 1993 had been carried out by the Colombian Institute of
Hydrology, Meteorology and Land Adequacy HIMAT, generating basic information on
hydrology, hydrogeology, meteorology, basic geography on biophysical aspects,
geomorphology, soils and vegetation cover for the management and use of the biophysical
resources of the Nation. It assigns it the function of installing and operating the national tide
gages, meteorological and hydrological infrastructures to provide information, predictions,
warnings, and advisory services to the community. In addition to other environmental functions
added later.
Law 1523 of 2012, adopts the national disaster risk management policy and establishes the
National Disaster Risk Management System, it gives a role to Ideam in the framework of
comprehensive management of Risk management, by doing so part of the National Committee
for risk awareness as an inter-institutional body of the national system that advises and plans
the permanent implementation of the risk awareness process.

Q2.
In relation to the services it provides, Ideam is associated in its mandate to the generation of
meteorological and climate information, aeronautical meteorology service, generation of
hydrological information, and the forecast and alert service.
As for meteorology, it must develop basic research on meteorology for the better management
of the country's biophysical resources. Advance applied research to support the agricultural,
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transportation, environmental, maritime, and other economic sectors. It contributes to the
Environmental Information System with regard to meteorological and climatic information. It
provides the criteria for the operation and maintenance of basic networks, remote sensing,
and remote sensors for monitoring the atmosphere. It generates the inputs for the provision of
the environmental information service, alerts, forecasts, and prevention of extreme
meteorological and climatic events. Guides and coordinates the work of synoptic and
aeronautical meteorology in the country. It must establish plans and programs for the
management, dissemination and exchange of observations and predictions of meteorological
phenomena, within the jurisdiction of the Autonomous Regional and Sustainable Development
Corporations and other entities in terms of data collection and information management in real
time.
Decree 291 of 2004 also assigns Ideam the function of coordinating the technical activities of
observation and prediction of the world meteorological surveillance programs of the World
Meteorological Organization, WMO, of the Operational Meteorology Program of the
International Civil Aeronautical Organization, ICAO, the Regional Study Program for the El
Niño Phenomenon, ERFEN of the Permanent Commission of the South Pacific, PPS, the Pilot
Project for the Measurement of the Sea Level of the International Oceanographic Committee,
IOC WMO, and those that are required in the framework of the Program of the United Nations
for the Environment, UNEP, and other international organizations. This makes Ideam a
necessary part of international treaties or agreements that involve hydrometeorological or
environmental information, including in the framework of the United Nations, what is related to
the Intergovernmental Panel on Climate Change IPCC, in the role of Ideam in generating
change scenarios. Climate for Colombia through its own activities and strategic alliances, this
aimed at providing the base information for national communications on climate change and
to provide guidelines for national and regional application in derived studies, such as the effect
on water resources and other sectors.
The Ideam must provide the technical-scientific criteria for the installation and operation of the
hydrological and meteorological stations: synoptic, climatological, aeronautical,
agrometeorological, ecosystems and landslides, radiosonde and special, of the Institute. The
operation and maintenance and supervision of the hydrometeorological network, as well as
consolidating a catalog of stations that includes those that other entities have. With the recent
acquisition of radars, Ideam must also operate and consolidate the national network of
meteorological radars.
Ideam's role includes preparing guides and manuals on normalization and standards of
meteorological and hydrological observations and instruments, as well as the practices,
procedures, and methodologies for data collection. Define the measurement protocols for
meteorological and water variables.
Establish the criteria for the formalization of agreements with national or international
institutions for the installation, operation and maintenance of surface and height, automatic,
automatic satellite, or conventional meteorological stations. Apply the international standards
and regulations of the World Meteorological Organization, WMO, for the installation, operation,
and maintenance of the networks of meteorological and hydrological stations in Colombia. In
this sense and given its relationship with environmental authorities and other institutions,
Ideam more than an information provider becomes a benchmark for hydrometeorological
monitoring, and a promoter of standards, specifications and quality criteria of other networks,
being able to advise equipment purchase processes in other entities and, through recent
regulations associated with other sectors, promote the compulsory investment that actors from
productive sectors have in monitoring stations and networks (1% forced investment scheme),
an issue in which regulations are still It must try to include not only the purchase but also
sustainability issues in the operation.
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Ideam supervises the generation, availability, and supply of aeronautical meteorological
information, necessary for the provision of the meteorology service to aviation, for which Ideam
operates in 28 airports in Colombia.
Ideam also structures the climatic and hydrological information for the Environmental
Information System. Develop a strategic plan for information and hydro-meteorological
products and services, for that Ideam generates and dispose on web climate data.
Ideam also has the role of providing the service of forecasts and alerts: including continuous
monitoring of meteorological, hydrological, and environmental information in real time,
Prepare technical and specialized reports and bulletins on hydrometeorological and
environmental alerts, weather forecasts, diagnoses and analysis of the climate, alerts and
prevention of hydrological events (floods, sudden floods). Prepare and transmit nationally and
internationally, in accordance with the protocols established for these purposes, the
meteorological reports for global exchange. Provides advice on hydrometeorological and
environmental alerts to government entities and the economic sector. Report on
hydrometeorological and environmental conditions in real time and on forecasts and alerts
directly and through the different communication media. Maintain a permanent exchange of
information with the regional and national disaster prevention and response systems on the
hydrometeorological and environmental status of the country. Support the National Disaster
Risk Management System and the National Environmental System, SINA, by sending regular
and special reports so that the necessary measures are taken, and the appropriate alerts are
declared. Promotes and develops the implementation and operation of hydrometeorological
and environmental prediction and alert models.
Ideam, in water issues, also has the function of Designing and implementing the
methodologies for obtaining hydrological information; analyze, process, and validate the
information generated by the hydrological network of the country; determine the demand for
the water resource by the different users; and obtain and generate information on water
quality. Generate information on the state of the water resource that allows forecasts,
warnings, and alerts to the community and in particular cases special studies of various
sectors. Ideam investigate and determine the origin, distribution, supply, demand, and quality
of the country's water resources and thus evaluate its current state, that is included on National
Water Study (each four years). It must also develop, apply and validate hydrological models
in terms of quantity and quality of water. Generate and organize hydrological information,
observing variables of quantity and quality of surface and groundwater, as well as its demand.
Ideam generates in support of regional goberments inundation hazard knowledge.
Ideam must establish the mechanisms to create and operate the Environmental Information
System in relation to water resources and climate. Define the plans and programs for
monitoring, information exchange with the Regional Autonomous Corporations, and other
entities regarding data collection and management of hydrological information in real time.
Provide knowledge of the status and evolution of water resources as a basis for zoning and
environmental planning of the territory. Monitoring the evolution of water resources in quantity
and quality. Produce and propose environmental models and indicators in the field of
hydrology and water resources. Some of this data is used to decision making process to define
interest or target areas by ministries, National Planning Department, and other stake holders.
Ideam must establish the bases for zoning and environmental planning of the territory based
on knowledge of the climate and atmospheric processes. Produce and propose environmental
models and indicators in the field of meteorology and hydrology. Produce the report on the
state and evolution of the climate, water, and natural resources for the annual balance on the
environment and renewable natural resources.
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Colombian legislation provides Ideam with the authority for i) meteorological and hydrological
alerts, in ii) compliance with obligations under international treaties given that Ideam is given
the highest authority character, regarding the evolution of a role (s) from a provider (of
infrastructure, information and service) to a provider and a regulator / promoter? Colombian
legislation also provides a window of evolution, in terms of infrastructure, since it promotes the
generation of regional networks and the consolidation of a national catalog of
hydrometeorological stations, supported in the context of the integral management of water
resources and the national program of monitoring, which can overcome the operational
disadvantages of its implementation due to the growing need for a network that accounts for
regional climatic and hydrological behaviors that are not represented by the national network.
The role of regulator is implicitly revealed in the context of providing the necessary elements
to standardize or have the necessary minimum quality of information generated by other
entities, the greatest challenge being the possibility or need for information from regional
networks to be validated and its officialization, although not through a formal procedure or
requirement, at least with its use in studies of a national or regional nature (Climate Atlas,
update of national communications on climate change, regional projects, among others).
The evolution of infrastructure promoter, being the main reference to provide specifications
and technical characteristics of the equipment and instruments that are acquired by entities
that request this type of support, as it is an increasingly common requirement to approve the
purchase of equipment by sources of particular resources such as royalties or forced
investment to offset projects with environmental impact. The role of promoter has as a
particular context the instances of "validation" or recognition of community networks or even
the use of information from other sources such as reanalysis and remote sensing so that they
are considered as information validated by the Institute or considered as official information,
situation which will be more frequent in the future given the particular balance of environmental
licensing processes in areas with little information.
Colombian legislation provides Ideam with the authority for i) meteorological and hydrological
alerts, in ii) compliance with obligations under international treaties given that Ideam is given
the highest authority character, regarding the evolution of a role (s) from a provider (of
infrastructure, information and service) to a provider and a regulator / promoter? Colombian
legislation also provides a window of evolution, in terms of infrastructure, since it promotes the
generation of regional networks and the consolidation of a national catalog of
hydrometeorological stations, supported in the context of the integral management of water
resources and the national program of monitoring, which can overcome the operational
disadvantages of its implementation due to the growing need for a network that accounts for
regional climatic and hydrological behaviors that are not represented by the national network.
The role of regulator is implicitly revealed in the context of providing the necessary elements
to standardize or have the necessary minimum quality of information generated by other
entities, the greatest challenge being the possibility or need for information from regional
networks to be validated and its officialization, although not through a formal procedure or
requirement, at least with its use in studies of a national or regional nature (Climate Atlas,
update of national communications on climate change, regional projects, among others).
The evolution of infrastructure promoter, being the main reference to provide specifications
and technical characteristics of the equipment and instruments that are acquired by entities
that request this type of support, as it is an increasingly common requirement to approve the
purchase of equipment by sources of particular resources such as royalties or forced
investment to offset projects with environmental impact. The role of promoter has as a
particular context the instances of "validation" or recognition of community networks or even
the use of information from other sources such as reanalysis and remote sensing so that they
are considered as information validated by the Institute or considered as official information,
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situation which will be more frequent in the future given the particular balance of environmental
licensing processes in areas with little information.

Q3.
Based on the law of In Colombia, Law 1712 of 2014 on Transparency and Access to National
Public Information, defines open data in the sixth numeral as “all primary or raw data, found
in standard and interoperable formats that facilitate their access and reuse, which are under
the custody of public or private entities that fulfill public functions and that are made available
to any citizen, freely and without restrictions, so that third parties can reuse them and create
services derived from them ”(Law 1712 of 2014. Literal J, article 6. Definitions.). This law
includes the basic hydrometeorological information and in general the information generated
by the Institute. Prior to this law, the hydrometeorological data and the weather and climate
certifications, in particular the information classified as special. In general, although it did not
represent a high percentage of institutional income, it allowed in certain cases the updating of
special information (for example, intensity duration frequency curves), which in the future
should be positioned as key information to obtain financing, which becomes a challenge,
considering that technological change requires a significant effort to make basic and special
information available to users through standard formats, migrating from old databases and
seeking to adapt to new forms of access to information that Sometimes they reduce the
processes or steps for its achievement.

Q5.
In recent years, the country's need to really advance in reducing the impacts of
hydroclimatological phenomena in different sectors, such as water resources, supply,
agriculture, mining, hydropower, risk management, among others, has generated a permanent
and growing demand for updating information, products and services, which has motivated
the improvement and updating of technologies associated with monitoring networks and
models for generating hydroclimatic monitoring, forecasts, and other products and studies.
This has allowed in some way to better face the challenges of technological changes, to more
complex and robust databases to have platforms for data management not only from the
stations but from satellite information, reanalysis and earth observation projects. This demand
for services and products is also driven by the need to improve regional hydrometeorological
behavior in order to establish environmental baselines.
The previous elements give room to the discussion and evaluation of emerging technologies,
for the next 5 to 10 years the evaluation of migration towards possibilities of high-performance
computing capacity that can provide better performances, resolutions and actually migrate to
probabilistic meteorological forecast approaches that They require high computational
capacities that exceed institutional capacities and are framed in the needs of articulation with
strategic partners with operational or financial capacities to support these approaches. Its
inclusion in the business model generates the challenge of its sustainability, since apart from
the challenges of operation, modernization and expansion of the network, the challenge of
technological changes threatens the continuity of its implementation due to consequent cost
increases and strategic change in the operation structure of the hydrometeorological services.
An important strategy then becomes the possibility of offering services commercially,
regulatory modifications that give access either through science and technology systems (a
window that has recently opened to the environmental sector with a greater possibility of
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financing sources), and international cooperation projects, the weak link being the
sustainability strategies or alternatives that in many cases the hydrometeorological service
could not assume without complementary elements for the allocation of additional resources
or of a normative nature to facilitate it.
Business data and services can also proliferate a market that can compete with institutional
capabilities.
In the case of Colombia, the recent acquisition of meteorological radars imposes operational
challenges for their sustainability and for the use of the information generated by this network.
New emerging technologies (Big Data, Artificial Intelligence, Cloud Computing, new
observation technologies, including crowd sourcing), are beginning to look for spaces through
academic and commercial sectors that offer model processing alternatives and operational
forecasting models in which the hydrometeorological service begins to investigate, in some
cases hydrological forecasting applications based on artificial intelligence are beginning to be
offered. They are shown as powerful alternatives to complement options in areas with scarce
information and as alternatives to reduce uncertainty where there is enough information but
there are no traditional models, or they are focused on deterministic outputs. Big data issues
have begun to become involved as efficient alternatives for handling large volumes of data
and information, such as Ideam due to its multiple roles.

Q6.
In Colombia the official provider of meteorological and hydrological service is Ideam, other
entities can provide meteorological and hydrological data, and some monitoring products, that
allow to include other entities data for early warning and strategic studies. Ideam business
model is associated to resources provided by national government and by agreements with
other institutions and stakeholders interested in having more detailed information at the
regional level.
The basic information generated is by nature of the Ideam of free access and dissemination.
There are regional initiatives associated with regional (departments) and local (Municipal)
administrative units that, within the framework of their risk management offices, have
generated and promoted Early Warning Systems to monitor weather conditions. Recently, in
some cases, agreements have been created to operate regional forecasting centers through
agreements that allow the strengthening of physical infrastructure, personnel, regional
forecasting services, and in some cases refinement of the spatial resolution of forecasts.
These have generally taken place under the modality of inter-administrative agreement, which
represents mutual benefit, rather than through a business scheme for the sale of services.
The service sale scheme requires a process of formulation and evaluation of products and
services, not only for state institutions but also for interested private actors. The change in
focus to offer commercial products and services, or by selling services would give greater
flexibility and sustainability to this type of initiative, but it requires a robust strategy to be
implemented. Similarly, the formulation of international cooperation projects and strategic
allies for particular processes based on global models, databases and strategic products that
can improve their representation with local data.
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Q7.
One way is to optimize actual network allowing slow increase of number of stations, but in the
same way to manages the national monitoring plan, that allow regional environmental
authorities install and increase regional monitoring networks, that combined with an strategy
for standard and quality procedures really implemented to be able to use those information in
different products (early warning, historical data for studies of variability and climate chance).
That allow to better manage strategic stations at national level by Ideam.
The possibility of continuing to implement regulatory elements such as the mandatory
investment of 1% in environmental monitoring for new stations or improve existing ones,
seeking to extend its scope to operational and sustainability issues. In the coming years, the
possibility of formulating projects in the field of science and technology, in which environmental
institutions now have more space, and access to royalty resources will play a preponderant
role. The use of new techonogies and other strategies.

Q8.
Ideam has several ongoing practices with other public sector entities, such as alliances to
strengthen regional hydrometeorological monitoring through agreements with regional and
local governments, and private sector entities that promote these initiatives. With the
agricultural sector it has alliances for support, advice, information through the so-called
agroclimatic tables. With the environmental sector (to which it is attached), it has alliances for
integrated water resource management strategies associated with the national monitoring
program, a strategy that hopes to improve the regional hydrometeorological networks that
regional environmental authorities may have or implement,

The best balance scenario to solve the needs for vital information and services, with the
situation of human and financial resources, can be seen in the continuity of strategies of
agreements with other entities, links with the academy, non-governmental and governmental
organizations for the generation of projects and to mature the use of new technologies prior
to their operational application. And also, international cooperation projects, and real feasibility
evaluation to provide commercial products and services for particular cases or purposes.
References:
-Ministry Of Environment, Housing and territorial development Decree 291, 2004. By which
the structure of the Institute of Hydrology, Meteorology and Environmental Studies, IDEAM, is
modified and other provisions are issued.
http://www.ideam.gov.co/documents/24024/36843/DECRETO+291+DE+2004.pdf/712b2e8b
-6ad2-4da0-86de-e01c83767aa8
-Congress of Colombia, Law 99 of 1993. By which the Ministry of the Environment is created,
the Public Sector in charge of the management and conservation of the environment and
renewable natural resources is reorganized, the National Environmental System, SINA, is
organized, and other provisions are dictated
https://www.minambiente.gov.co/wp-content/uploads/2021/08/ley-99-1993.pdf
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-Congress of the Republic of Colombia LAW 1712 OF 2014 Through which the Law of
Transparency and the Right of Access to National Public Information is created and other
provisions are issued
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=56882
-Colombia. Congress of the Republic of Colombia LAW 1523 OF 2012. By which the national
disaster risk management policy is adopted and the National Disaster Risk Management
System is established and other provisions are issued
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=47141
-Colombia. MINISTRY OF ENVIRONMENT,
HOUSING AND TERRITORIAL
DEVELOPMENT. National Policy for the Comprehensive Management of Water Resources.
Bogotá, D.C.: Colombia, Ministry of Environment, Housing and Territorial Development, 2010.
124 pages
https://www.minambiente.gov.co/wp-content/uploads/2021/10/Politica-nacional-Gestionintegral-de-recurso-Hidrico-web.pdf
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Jan Bester
Chief Executive Officer, AfricaWeather

Q2.
Financial autonomy: Strive as far as practical, towards a model where commercial revenues
satisfy all data needs.
Focus should remain Impact Based Forecasting (IBF), however the delivery mediums and
methods should be complemented by the capabilities of Private Weather Companies (PWCs)
to achieve the “last mile” delivery of messages (almost irrespective) of the communication
platform to disseminate lifesaving messages from the larger populous and information related
to climate change.

Q3.
South Africa’s national legal framework excludes local weather providers from providing
national weather warnings. However, in keeping with the NMHS’ government mandated goal
of supplying critical support services, some Private Weather Companies (PWCs) consume
and relay the NMHS’ messages to the populous. This public-private collaboration services the
effort to increase efficacy and delivery to the end user, the man on the ground – i.e., “the last
mile”.
A noteworthy opportunity lies in the enhancement and optimization of this “the last mile”
framework to best serve the NMHS’ mandate. The involvement of PWCs should be leveraged
to achieve dissemination of clear and accurate messages to the populous, irrespective of the
platform used. Caution should be considered however when reviewing how messages will
reach the populous, specifically the inherent risk of the message being delivered incorrectly
given the platform. For example, on social media, “fake news” and mass panic can have
catastrophic repercussions, such as risk to livelihood of the wider public.

Q4.
From the perspective of this PWC, the NMHS’s focus should remain on improving Impact
Based Forecasting (IBF) on a national scale, however the delivery mediums and methods
should be complemented by the capabilities of PWCs to achieve the “last mile” delivery of
messages largely irrespective of the communication platform to disseminate lifesaving
messages to the populous. In other words, the focus should be on the dissemination of
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accurate and reliable early warning information with the focus on saving lives. Regarding
longer term forecasting, PWCs have developed amazing products to assist agriculture,
industry, transport, insurance, sports, and education sectors to react the best way possible,
quickly and proactively, to weather threats.
Not for publishing purposes – note to the author***:
•
•
•

Recommendation that NMHS mandate Directors include PPP, on a regional basis, in
the agenda to reach regional goals
SAWS
(South
African
Weather
Service)
regulated
by
ACT
https://www.weathersa.co.za/home/legislation
Development of a regional, in this case an Africa wide NMHS partner network, to
strengthen knowledge, market insights and implement mutually beneficial data sharing
strategies

***Contact Jan Bester should these points need elaboration. Subject to communication agreed
with SAWS.

Q5.
Not for publishing purposes – note to the author***:
In South Africa, the
SAWS entered into a
partnership agreement
around 15 years ago,
with private companies,
on a revenue share basis
in order to grow its
commercial
business.
This has been largely
successful,
however
government grant cuts
and challenges in the
aviation industry due to
the
pandemic
will
foreseeably force a
major step-change in the
industry. Due to the
monopolistic nature of
the environment that the SAWS operates in, it is difficult for new disruptors to enter the market
in South Africa, and it is expected that the SAWS will open doors to international PPP players
in coming years. South Africa aside, there is immense potential for growth is in other parts of
Africa.
The South African energy sector is in the process of slowly being de-regulated and liberalised
which may allow private companies entry into this space in the future. There are few climate
disruptors in the South African market, and as the SAWS and Universities have a close
relationship, outside of these organisations there is little expertise in South Africa.
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***Contact Jan Bester should these points need elaboration. Subject to communication agreed
with SAWS.

Q7.
The NMHS/SAWS currently has a vast surface observation network over South Africa. These
observations are accurate, calibrated and generally have good up-time. In addition, the SAWS
has a radar network of approximately 14 radars. These are ageing and have poor up-time due
to the cost of replacing moving parts. Often radars in the west of the country, where there are
fewer to no thunderstorms, have zero up-time as they are used for spare parts to sustain the
radar network over eastern parts of the country. Commercial and public customers are being
affected by this.
Many of the observation points are at large commercial airports in South Africa. Instead of
funding these observation points out of the government grant, the SAWS could charge the
airlines for manning and maintaining these observations (like the Bureau of Meteorology in
Australia). Another option would be to train air traffic controllers to take observations for
aviation, thereby reducing the staff load and cost for the SAWS (like what the Met Office in the
UK did).
Given the assumption that the current trajectory is not sustainable, in the long run, the SAWS
has acknowledged this challenge and seem to be open to PPP regarding the Data as a Service
(DaaS) and/or Infrastructure as a Service (IaaS) principle(s).
PPP should play a role where private entities move with speed and where the data quality is
rectified sooner, and NMHS’ authoritative approach would need to be promoted by PPP in
order to preserve public interest.
It is the view of some PWCs, that NMHSs cannot work in silos if there is increasing competition
seeking profit-bearing strategies.

Q8.
AfricaWeather (AW) engages with all major industry partners (OEMs, Integrators, etc.) to find
the best way a) to suit our customer needs and b) to contribute to the NMHS’ mandate as far
as possible, throughout Africa. For example, AW (part of the DTN group) has been working
with the SAWS and the longevity of our relationship has built trust and further cooperation.

Q9.
It is the view of this PWC that all regional data sharing policies (e.g. SADC as a start) should
be established for all the apparent reasons – foremost, the impact of weather knows no
country boundaries. The more sharing, at the appropriate level, and in line with the NMHS’
mandates, the better. Country specific prohibitive policies should be investigated and
addressed on a national policy level, based on a best endeavor practice – as drastic as this
may sound.
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Q10.
The potential opportunities and synergies in this space is bountiful to NMHSs, as this PWC
has proven over the years in South Africa. The Partnership with SAWS, and resultant revenue
sharing agreement, has benefitted the NMHS to assist in funding the maintenance and
development of infrastructure and development of science. There is great potential for the
South African NMHS, and other African NMHSs, to engage with PWCs to deliver similar
results. Furthermore, some PWCs are rearing to invest in infrastructure based on sound
business models, as has been proven in many countries, enabling the NMHS to focus on their
core mandate and development of the science. This, in many cases presents itself as a
tradeoff along the lines of “keeping the infrastructure going” instead of supplying the necessary
data as required to perform key functions. A key factor in the PPP process and the progress
thereof, is to steer away from meteorology hardware manufacturer driven turnkey projects. In
most cases, such turnkey solutions, whilst very alluring in terms of a “one-stop-shop” upon
onset, are not supported by the commercial business cases that fund the infrastructure
maintenance, in turn. A sensor is nothing more than a piece of useless equipment, if not
accurate and operational – as is unfortunately often the case in Africa, whether donor funded
or not. This is where PWCs, with a sensor agnostic approach, long-term strategy, business
case to support the requirements of the NMHS and industry, can fill the space that is critically
needed – especially if a combination of donor and private funding, as should be the case going
forward, is required.

Q11.
We do the following as a PWC:
•
•
•
•

Develop talent management strategies by using Harvard framework
Total rewards strategy
Outsource training to private institutes for learning and development
Create alumni- or Meteorological network association

Q12.
A. The perspective of a PWC operating in Africa:
A very important development in South Africa, that could serve as an example for the
continent, was the NMHS issuing an open tender to identify private partners that recognize
the value of Metrological (Met) data and commercial products derived from this data.
The result was the appointment of commercial partners with strengths in various industries.
These partners utilize the SAWS’ data to sell products across industries, generating more
income for both parties. This opened the market ensuring more competition, better products,
and pricing to industry. Industries include mining, insurance, education, agriculture,
“traditional” energy (generation, distribution, and transmission), renewable energy (wind,
solar, hydro) and transport.
In terms of financing initial infrastructure establishment, private companies like AW can finance
infrastructure projects with no political ties attached. This can include donor funding and other
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institutional finance mechanisms. PWCs have successfully rolled out infrastructure and
commercial models like these globally.
B. The following challenges would ideally be removed from a 2030 framework and
landscape:
•

•
•
•

Local / sole mandate and legislation that prevents commercial activity: In some
countries weather data is embargoed due to security risks. A potential answer to this
challenge is solutions where data can be embargoed in line with policy to different
users.
Turnkey solutions that are not sensor agnostic: the question was asked earlier
how to merge-fuse data from different observation manufacturers. The answer is
simple – choose a partner and solution that is sensor agnostic.
Lack of willingness to work with local industry
Negative perceptions about infrastructure maintenance on the African continent
(and the risks associated). In a recent WMO session an NMHS leader mentioned
that securing observation stations from theft is a challenge. Other factors include
communication challenges. Many private companies understand these challenges
given their experience in Africa, have a footprint on the continent and through
economies of scale, are in a better position than an NMHS to address these problems.
This in turn allows the NMHS to focus on mandate which is generally the output of the
value chain – quality data and progress of the science.

C. 5- 10-year view of a PWC in Africa:
•
•

•
•

Need for a framework for working at a regional level. If individual countries are
willing to share information and systems, much more cost-effective solutions can be
deployed.
Looking for a standard approach to address similar problems. For the private
sector to get involved effectively, it would really help to move away from the turnkey
approach to national Met infrastructure and instead have a template that can drive the
design of a solution, that can be configured for the needs of individual countries, groups
of countries, and regions, rather than a custom solution for every need.
Longevity, consistency, and continuity. This is inextricably linked to maintaining
infrastructure, underpinned by a sustainable commercial revenue model.
Changing the focus of PPP from acquiring hardware and systems to a life cycle
management approach. This includes performance-based funding to ensure there is
Return on Investment (ROI) on international funds that are dedicated to these
programs. Funding channeled to maintenance should not only come from initiatives
like the SOFF, but also revenue from commercial products to local industry, offered by
PWCs.
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Tom Copping
Chief Executive Officer, Varysian

Q4.
Across the developing world there are disparities between NMHS from both a hydromet
value-chain and institutional capacity perspectives, resulting in limitations to the
plausibility of progressive change. The hydrometeorological industry in the developed
world adopted the possibilities of turning raw data into data products some time ago, but
the vast majority of developing world NMHS have not adopted the concept of how the
analysis of data can create meaningful answers to different industries, all in need of data
products to forecast and/or mitigate risk. It is my belief that two types of NMHS directorial
roles will exist.
One type of NMHS Director role is concerned with the potential need for capitalisation on
national hydromet data. Beyond the crucial data needs requested by WMO WIGOS and
GBON, there is a crucially important need to build a NMHS’s value-chain, growing
institutional capacity, and fulfilling Early warnings, Numerical Weather Prediction (NWP),
toward business integrated data and tailored services. This role is that of the
“Entrepreneurial” Director (assuming their policy allows for the sale of data).
This type of director not only understands the necessary collaborations with internal,
public, private, and international organisations, but also sees how data products can be
used to financially remunerate infrastructure costs, allowing for further infrastructure
developments, creating financial resource for key human resource retention, and among
others, expanding the NMHS to build a complete services value-chain. This director is not
a scientist alone, or a political appointment, but a new type of director that views the future
of their NMHS as a revenue generating service for the public, private, academic and enduser stakeholders, beyond its commitments to the WMO programs and free civil data for
their country.
Whilst there are countries that provide this “NMHS as a service”, many of those countries,
if data resale is not allowed by policy, will often have government backing to provide these
full value-chain services as a free service. In most developing world NMHS’ this is a luxury
that is almost never available. For a developing world NMHS to provide high quality data
services for sale, the necessity is to be financially remunerated.
If policy does not allow for the resale of data, then the potential future role of a NMHS
Director is restricted to fulfilling the institutional capacity with NWP being the most
advanced part of the value chain, unless business and tailored services are offered for
free. This role is the “Institutional” Director and is the same role that has survived for
decades. Whilst not necessarily a problem in the developed world, this means that the
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building of infrastructure and a NMHS value-chain is at the behest of externally funded
projects, many of which continue to fail or are incomplete.
To this end, if the NMHS and its stakeholders are to prosper and progress, there is a
reliance on policy, fundamental changes to development project structures, and more
confluence with the private sector who can adjust their own PPE/PPP interactions in
creating business opportunities and profit-sharing models to produce outcomes that
advance NMHS. I believe that the future of NMHS in the Developing World is to educate
and foster the “Entrepreneurial” Director, even if policy does not exist for autonomy or
semi-autonomy, at this time. The Entrepreneurial Director’s success relies on many
external institutional factors, some of which may currently prohibit this type of director from
fulfilling the potential that is needed for their NMHS to build capacity and fulfill the
hydromet value chain.

Q5.
The operations of NMHS in the developing world are hindered in many LDC cases by the
lack of funds available for the hydromet service to adequately function. Within this
viewpoint, the changes in operations come rarely, and if so, are usually linked to donor
funded projects where funds can potentially be allocated for certain staffing needs, for the
project to succeed. The problems are manifold, not least because of the exodus of
knowledge of those staff within the NMHS who are headhunted for higher paid jobs,
whether they be outside the industry or to private organisations and International
Organisations in need of skilled hydromet staff. Therefore, the way that a NMHS functions,
operationally, is near-directly correlated to whether or not it can keep its best staff to run
the NMHS. Without government or development money (but not money alone), this utopia
becomes an insurmountable challenge.
There is undoubtedly a growing demand for data: it is the 21st century “gold rush”.
However, it is laced with challenges, not just to harness its possibilities, but culturally - the
hydromet services sector, especially in Africa, faces major challenges, not least being
accepted as a solution, and not a threat. The NMHS as an organism can feel threatened
by companies that essentially run services not too dissimilar from their own, or at least
from those services they wish to run. However, with a lack of operational capacity and a
lack of funding, many SISDs and LDCs do not have the capabilities needed to fulfil the
hydromet value-chain, with complete institutional capacity. The NMHS in the developing
world, especially those who lack the required operational capacity to complete this valuechain, let alone fulfilling the potential of a fully functioning network post-project
implementation, are eventually going to be put into a situation where there is no option,
whether autonomous, semi-autonomous or government owned, other than to use
hydromet services. The question is: are these private sector industry services actually a
threat?
Having worked with both infrastructure and services companies, and as a manufacturer
of hydromet equipment, I can categorically say no, services are not the enemy, but they
face an uphill battle for their services to be adopted in many parts of the developing world.
The impact of big data, AI and cloud computing could be fantastic for end-users in LDCs,
but culturally, it is still a threat. How do we overcome this so that the next 5-10 years are
progressive? Well, I believe it comes down to the distinction between the following, 1)
ground-based vs satellite data, and 2) Saleable data vs Government-owned data.
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There is still a distinct difference between data from ground-based infrastructure and
satellite-based data. The former being of the highest quality and resolution by land
coverage and the latter due to its current technology which I am sure will increase over
time as technology advances. Whether or not this will be of the same quality and
resolution as ground-based systems in 5-10 years is up for much debate - and a positive
discussion this should be, but with the accuracy and land coverage (if infrastructure is
available) ground-based networks are currently still the “go-to” for most NMHS.
What does this mean for NMHS, well there is an availability of two types of data, but they
do not necessarily need to be competing, they can in fact run in tandem, if both are
present, which again will come down to project funding and operational efficiency after a
project is completed. There is of course overlap from the ground-based equipment
manufacturers in that software is becoming a bigger part of their solution, but still, if it’s
about coverage, there is no match for satellite data. Two pathways from this arise, those
NMHS with large ground-based infrastructure and those with incomplete coverage (the
many not the few).
If a NMHS has good ground-based infrastructure, when looking at TECO CIMO guidelines
on quality, there should be no debate that from a professional meteorological perspective,
ground-based networks should be used, but translating this to end users, and how much
of a country’s land has coverage, is a problem. However, where as much of the services
industry is very light on heavy investment, ground-based infrastructure, even with the
lower-end of equipment to cover many countries, is an extremely high cost, SOFF could
solve this, potentially. Infrastructure-as-a-Service has been tried, tested and often failed especially in Africa, but this is not because the concept is not feasible, there are simply
too many knots within culture, trust and communication that need to be picked apart
through PPE, before the idea of holistic data can be completely understood and adopted,
in the developing world.
The services industry, in many cases using satellite data, largely due to the lack of
complete infrastructure in developing world NMHS, have the capability to offer services
to end-users, far more easily (albeit in the main with less resolution). Does the end-user
need infrastructure level data, yes to a point, but I do not necessarily think that this data
is for that purpose alone. Observation-as-a-Service is possible, but if services are
available for this wider reach to those who do not need data according to TECO CIMO
guidelines, then there is no reason why both types of data cannot be used for different
and sometimes cross-purposes to get full coverage in both depth of quality and breadth
of need.
However, if a SIDS or LDC, for instance, does not have full network coverage, it is then a
question of adoption as to whether or not, whilst high-end professional infrastructure is
not available (although with SOFF among other basic infrastructure programs being
launched) that there could be more ground-based coverage, and that services companies
could and probably should be used to assist the service of the NMHS. In either case, dataled services have their place, but this idea of “threat” and a lack of trust, and seemingly
mismatching motivations, needs to be overcome. This leads into the second point.
Depending on national policy of the resale of data, the salability of data becomes key to
both scenarios. Many companies resell data outside of a given country. This is not only
threatening to NMHS but is also a faux pas culturally in many LDCs, especially in Africa.
However, there are many different revenue generating models that are available to NMHS
- if they decide to work with services companies, but, without the ability to resell
repackaged data, a NMHS will not progress into an “entrepreneurial” role which then
means that the services companies either have to sell services directly to the NMHS as a
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standard transactional sale or a subscription service - which has been proven to not work
well in sub-Saharan Africa, and due to the somewhat misplaced notion of “threat”, a
NMHS would not be able to offer services and this type of NMHS will only be able to
provide infrastructure data, which in many cases is severely lacking.
To that end, the future opportunities of NMHS in the developing world are hindered by
operational issues, projects not being completed and a lack of trust of the services niche
of hydrometeorology which will ultimately affect the end-user, if services are not eventually
adopted; not as an opposition to infrastructure, but as a part of the holistic scope of
“complete” national hydromet data. If PPE is not used and these problems persist, I feel
that ultimately, we are all going to lose out.
The next 5-10 years has a host of opportunities but many more challenges and unless we
are as an industry able to work with one another through all key stakeholders, with the
ability to resell and repackage data to be reinvested in infrastructure, that future goal
where “it all works”, will become a stagnant reminder of how perception of division creates
fallout, failure, and ultimately does not serve the end-user. This may sound bleak, but it
does not have to be so. We have the solutions, they are all there, but crafting them to suit
all will need all key stakeholders to come together.

Q7.
In LDCs the sustainability of basic infrastructure (where funding has allowed for
infrastructure development principally through donors) is only achieved when all key
stakeholders are working in synergy - with the utopian goal of sustainability in mind.
Unfortunately, many projects to build the early hydromet value-chain (basic infrastructure)
fail to reach sustainability, but the reasons for this and the potential future of basic
infrastructure sustainability is still possible.
From a donor perspective, the money is there, the projects can be funded, but the projects
still have issues. I believe that this can be rectified. The structure of the release of funds
alone does not allow for finances to be spread beyond the “Transfer-of-Ownership” line
where the manufacturers or Service providers hand over full control (but in many cases
with a certain amount of support) to the NMHS. If the money is not available for
sustainability beyond the classic implementation/training end to projects, then
operationally, with funding already low a knowledge exodus and thus gaps continually
appearing in NMHS in LDCs, sustainability will not happen.
Without a project funding structure toward sustainability beyond this Transfer-ofOwnership (which I believe is a part of the aim of SOFF), basic infrastructure will wither
into a graveyard of lost opportunity. The future development of basic infrastructure will
likely need a new funding model and communications strategists, focused on binding all
key stakeholders toward that utopian but hopefully real goal of “long-term” sustainability.
Funding needs to be available to NMHS beyond the Transfer-of-Ownership and
addressing the operational strategy and workings of a NMHS needs to be assessed.
Even with a classic completed project, the project should not really ever be completed,
but developed in partnership with the NMHS. All are part of a holistic chain that without
one part, all others will likely fail to truly achieve the goal of sustainability. The positive
future of basic infrastructure is one where PPE is in play, where a centralised
communication structure is installed allowing for communications interaction, solving
problems/issues throughout the process and concept of “The Sustainable Project”, where
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the project funding covers not only basic infrastructure, but spares, operational NMHS
costs and the like. Accountability needs to be assessed at milestone stages for each key
stakeholder so that all know their part to play in the wider project goals, but all should be
held accountable. No accountability means no responsibility, no responsibility leads to
inefficiency and parts of the holistic needs of a project failing. PPE has a huge part to play
in the success of this.

Q8.
My response to Q4 answered this I think

Q9.
I don’t really have an adequate answer for this

Q10.
The World Bank “Power of Partnership” study showed the pathway to full value-chain
completion, but without PPE this completion will not be realised in the developing world. As
I see it, beyond the public, private, academic and International Organisation collaboration, a
new entity is needed to fulfil the value-chain and institutional capacity. There is a “third-party”
communications consultancy perspective to engagement which has not really been
highlighted.
When a project begins there are key stakeholders with differing voices and motivations and
these key stakeholder voices are put in charge of certain parts to a project. These divisions
are not only a risk but also - potentially -a vital flaw in the pathway toward holistic
development of a NMHS and its relevance to societal needs. A project in itself is looked at
from the eyes of normal key stakeholders and what they can add to - and potentially gain
from - the project, as individual and/or organisational stakeholders. But, a project should not
be a division of motivations, or having “too many chiefs”. A project should be conceptualised
as an “organism” in its own right, the communication to keep this organisation alive, grow
and progress, is currently not centred.
For example, a project coordinator is currently used to guide the project. That coordinator
may come from the NMHS. Does this actor understand how all other key stakeholders work,
what their motivations are and how to bring all together? The likelihood is that due to their
background in meteorology and working at the NMHS, they are not able to strategies the
organisation and communication from all stakeholders involved in the project, in a way that
can bind all. This is a major problem, and one that sees the project as a concept to be
actualised, and not as an organism to become more than its concept.
Collaboration is vital for all projects, but an organism needs to be grown without motivations
other than one end goal being strived for. Key stakeholders need to have their motivations
fulfilled and the project to then come to completion. An actor who is only motivated by the
successful growth of the project as an organism alone needs to be put in the middle of all
key stakeholders with an acute understanding of communications strategy, knowledge of the
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industry they are to serve and to be the binding force between all: Third-party external
linkages with any stakeholder, focused on the development of the organism, by binding
stakeholder communication in a central space, and communicated to all with the organism
as central actor, the organism lives.
PPE is a necessity for bringing about trust and communication, both before, during and after
the project, but without a party solely interested in the growth of the organism, many
collaborations - as development history has shown - due to differing motivations and ways
of communication, will lead to the death of the organism and a waiting for the birth of a new
one. If the birth of a new project is created by using the same development structure that
has failed before, where the concept of a Project-as-an-Organism is not used, the risk of
getting a holistic collaboration wrong becomes a precursor to failure.

Q11.
From an African Met perspective, most NMHS are underfunded, and some nearcompletely. I know of an NMHS with two paid staff members to cover an entire country.
This is the severe end of underfunded NMHSs, and obviously the larger GDP countries
have much more advanced HQs, take the “Africa’s diamond 4” as I call it, Morocco, Kenya,
Nigeria, South Africa. Nevertheless, expertise is often desired by private sector
meteorologist needs, and with a lack of funding, among other facets, it highlights the issue
even further that without money, even if a project is completed, there are no funds to run
the operations to actually use the equipment and services.
Meteorology in Africa, LDCs and many other parts of the world is in a dire situation and
it’s a series of issues, from development project structure to policy limitations, a lack of
entrepreneurial skill set, no funding to keep networks running, often relying on unskilled
volunteers to meet the demands of each country’s end-users. These are dark realities that
many NMHS face. It’s not simply cooperation that is needed, it is a fundamental shift in
the way we as a field of study and industry sees not only the project being seen as an
organism, but the communication structures, financial models to allow for operational
capacity, central government consultation on why funding is needed for the NMHS, and
unfortunately many more.
If the NMHSs in the developing world (especially LDCs) are going to survive we need to
address the above very fast because within the next 10 years, if nothing is done to “shift”
we could face the demise of a number of NMHS.

Q12.
The basic data needs requested by the WMO must be adhered to, but after that, I feel it is
about entrepreneurialism, especially if a central government has no or few funds to allocate
to the NMHS. Collaboration between the public and the private sector is a necessity, but
within the bounds of third-party consulting. Government policy needs to allow for the resale
of data, structural issues in development projects need to turn the concept of a project into
an organism, funding needs to be available for operational and human resource and
lobbying at central government levels in the developing world needs to become a
progressive necessity. Without money nothing functions, nothing can adequately operate,

35 | P a g e

no money can be reinvested into growing networks, no end-users can be served, no one in
the NMHS gets paid and the NMHS has the marked possibility of becoming defunct.
Whether or not that money comes from structurally shifted financing plans through projects
initiated by donor organisations and banks, or through the resale of ground and satellite
data, or even through private fund investment, one way or another, if NMHSs in the
developing world are to complete their value-chains, the baseline is finance, structure and
conceptualisation of projects, data policy enhancement, and hiring in the right human
resource and paying them enough to want to stay working in the NMHS. Continuing the
same path without recognition of why many developing nations' hydrometeorological
projects have failed in the last four decades is not the answer. Although I do believe this is
now being looked into, and I truly hope, comprehensively.
So how do I see the NMHS in 2030+, my hope is that through PPE, the value-chain notion
is adopted, and trust is built, education of motivations happens and NMHSs begin to grow,
I would hope into more entrepreneurial organisations; where available, desired, and
necessary. There are many opportunities to see our industry progress over the next few
decades but it will rely on all stakeholders to question why projects are failing, taking
responsibility if their stake within a project is failing, reenvisioning the project as an organism
with the right third-party communications strategist and post-implementation support in
place, and realising that it’s not an “Us Against Them”, but a “Together as One”.
The future is prosperous because the present can be changed.
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Penny Endersby and Jeremy Tandy
[Penny Endersby] Permanent Representative of the United Kingdom of Great Britain and
Northern Ireland with WMO; Chief Executive, Met Office; and
[Jeremy Tandy] Principal Fellow, Met Office

Q1.
The Met Office is a Trading Fund and Executive Agency operating under the Department of
Business, Energy, and Industrial Strategy, (BEIS). It delivers critical weather and climate
services for the UK which help to protect lives, livelihoods, and critical infrastructure. The
primary governance controls are through the Trading Fund Order (1996) and our Framework
Document, which set out the purpose and functions of the Met Office and delegated authority.
Relevant national legislation, which defines our NMHS role are as follows: economic and
non-economic activity - as a Trading Fund the Met Office operates both non-economic,
(activities supporting the traditional domain of the state - "Public task"), and economic activity,
(competed commercial activity returning a profit to the organisation).
The benefit of the Trading Fund model is that it allows the Met Office to fulfil the key and
underpinning weather and climate activities of the UK state whilst also supporting users in
industry and beyond to make better decisions. The commercial return is used to offset the
cost to the UK taxpayer of the non-economic activity. The high costs associated with
generating underpinning weather and climate data are supported by non-economic
government activity within the Met Office. The data is then made available free of charge or
at low costs to the private sector to allow for specific onward application to users.
Non-economic
•

•

The Met Office's primary public task is undertaken on behalf of BEIS, delivering
underpinning capabilities and essential public weather services as part of the UK
Public Weather Service, (PWS). BEIS appoint a Customer Group, (CG), with a
designated chairperson. The PWS CG has representation across relevant government
and industry stakeholders to ensure PWS services are aligned to the needs of its users
and remain within the scope of the public services.
We also support the public task of other government departments with weather and
climate capability and information, including the Ministry of Defence (MoD), BEIS and
Department for Environment, Food and Rural Affairs, (DEFRA), climate and hydrology
programmes. Our world-leading scientific research helps to inform UK
Government policymaking decisions and support Net Zero objectives. We contribute
substantially to advisory bodies such as SAGE, the Science Advisory Group for
Emergencies.
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•

•
•

As the UK’s National Meteorological Service, the Met Office supports all UK devolved
nations, (Wales, Scotland, Northern Ireland and England), with public weather and
climate services. We also support the Foreign, Commonwealth & Development Office
with services for British Overseas Territories and deliver weather and climate technical
assistance projects focused on increasing capability and capacity in line with UK
Government policy and guidance.
Within UK legislation the Met Office carries out a statutory duty to preserve our
meteorological public records via our meteorological archive service.
As a public body the Met Office must allow “re-use” of data constituting its public task
by all applicants unless any exclusion is justifiable in the public interest.

Funding through the PWS enables the Met Office Chief Executive to represent the UK in
a range of international bodies and longstanding treaty organisations. UK and National
Met Service representation is provided by the Met Office in the following organisations;
the World Meteorological Organisation, the European Centre for Medium-range Weather
Forecasts (ECMWF), the European Organisation for the Exploitation of Meteorological
Satellites (EUMETSAT), and the European National Meteorological Services Network,
(EUMETNET).
Economic
•
•

When undertaking economic activity, legislation around state aid and competition law
apply to our activities. This ensures that we do not distort any commercial competitive
process or grant an unfair advantage to any party.
As a Trading Fund, the Met Office generates innovative services to industry and
regulatory bodies. As well as helping to offset the cost of the Met Office enterprise to
the UK taxpayer, this has the more significant role of contributing to market creation,
demonstrating how weather and climate insight can be used to deliver real impact
across industry.

Q2.
While large-scale change to the Met Office’s mandate, legislated duties, and business model
is unlikely in the coming years, some of the services themselves will evolve based on
changing, often broadening, societal, governmental, and technological requirements within
our changing climate:
Public Task
As noted in the response to Q1, the Met Office’s Public Task is well-defined and is governed
via the PWSCG, who have set a direction of travel for our public weather services for the
next five years:
•

The Met Office’s services are a vital component of our national resilience, as an
authoritative source of data, advice and modelling capability around significant weather
and climate change. Such advice is fundamental to the UK government’s recent
National Resilience Strategy. We will continue to evolve not just our underlying
science, but also the way that risk is understood and communicated to both the
resilience community and the public. For example, we will use social science to ensure
the public have sufficient confidence to take appropriate action based on our severe
weather warnings.
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•

•

Our modelling and HPC assets are increasingly recognised as a ‘national capability’
which might be used beyond its core weather and climate purpose. This has been
demonstrated recently, with modelling undertaken in support of research into COVID19.
Our Public Task data will continue to become increasingly accessible and usable by
the public, business and to data aggregators. See response to Q3 below.

Services to Government
Our support to government departments will continue, and in many cases, increase,
including the fields of environment, energy, transport and international development:
•
•

•

•

Our UK defence commitments are tightly defined through long term contracts with the
Ministry of Defence, though within this framework our services will evolve to meet
changing defence needs in agreement with the customer.
Our core aviation commitments, both nationally via the Civil Aviation Authority (CAA),
and internationally via the International Civil Aviation Organisation (ICAO), such as the
Volcanic Ash Advisories (VAAC) and World Area Forecast Centres (WAFC) contracts,
are tightly regulated and unlikely to change significantly. However, the synergies with
our commercial aviation services bring opportunities for growth overall in the aviation
sector. These opportunities also exist in the wider transport sector, with new
technologies and regulatory schemes for unmanned vehicles also an active area of
engagement for the Met Office.
The Met Office Hadley Centre for Climate Science and Services undertakes
scientifically excellent research in collaboration with academic partners in the UK and
internationally to shape and inform understanding of climate change and its impacts,
including contributions to major international climate science initiatives such as IPCC
reports. In light of the Paris Agreement and UK Government legislation to achieve net
zero emissions by 2050 the emphasis has shifted from proving that climate change is
happening; to understanding the nature, magnitude and rate of the change and more
detailed information on what these changes mean to individuals. The nature of this
work will continue to evolve alongside UK Government policy and international
agreements.
Likewise, areas of focus for capacity development will evolve due to changing
geopolitical drivers and UK Government policy.

Q3.
The UK National Data Strategy recognises the social and economic value of data sharing
across governments, society, academia, and industry. Aligned to UK Government policy for
greater volumes of publicly funded data to be made open, the vision stated in our Data
Strategy Framework is to provide open access to our data wherever possible, allowing us to
innovate, operate in and stimulate the UK and global economy. The Met Office have
increasingly applied open licenses to the use of our environmental monitoring, prediction
data and advisory guidance. Access to high-quality information is a crucial underpinning
component of our mission to help people make better decisions to stay safe and thrive.
As a Trading Fund we undertake our public task alongside economic activity to generate
profitable revenue and reduce the financial burden on the public purse (see response to
Q1). This means that we provide “paid for” data services as part of our economic activity
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and may recover costs associated with the technical services through which open data is
accessed.
Regionally, the UK is no longer bound by EU policy. However, we choose to implement the
EU Open Data Directive, and the High Value Datasets as introduced in that Directive, where
practical so that we can retain parity on data sharing policy and implementation across
Europe.
The UK is a member state of ECMWF and EUMETSAT, and the Met Office a member of
EUMETNET, where we support their adoption of open data policies. Within EUMETNET we
are actively collaborating with other European NMHS to establish consistent access to data
throughout the region – covering both technical and governance aspects.
Globally, we are strong advocates of “free and unrestricted” data exchange. We recognise
that this policy underpins the phenomenal success of reciprocal data sharing within the WMO
community – particularly in support of operational weather forecasting. In contributing to the
development of the UK National Data Strategy we have presented WMO data exchange as
an exemplar for the international flow of data. We have been heavily involved in development
of the WMO Unified Policy for the International Exchange of Earth System Data and have
been engaging with stakeholders in the UK ahead of the policy being approved by Congress.
As noted in our response to Q7, we expect commercial observing capabilities to play an
increasing role in supporting weather and climate prediction. We will procure commercial
observations where they provide demonstrable value to our forecasting capability. Where
such datasets fall within the scope of the “Core data”, as defined in WMO Unified Data Policy,
we will work with suppliers to establish agreements that are compliant with WMO policy and
yet ensure a sustainable operation of the observing capability. For example, we supported
EUMETSAT in purchasing SPIRE radio occultation data with a license that permits sharing.

Q4.
The Met Office is headed by a Chief Executive Officer who is a government employee. They
are accountable to a board of directors for the delivery of strategy and outcomes, but
ultimately to the Minister of State for Science, Research, and Innovation in BEIS. In UK
government terms the CEO is an Accounting Officer who is accountable to Parliament for
proper use of public money according to standards for probity, regularity, value for money
and feasibility.
The remit of the Met Office is quite wide by comparison with some other NMHSs,
encompassing the whole value chain from fundamental science to service delivery in both
weather and climate. However, hydrology is in a separate organization, the Centre for
Ecology and Hydrology and it is the role of the CEO as UK Permanent Representative to
ensure that their views are represented at WMO. The CEO also leads the UK delegation to
ECMWF and EUMETSAT and Met Office delegation to EUMETNET, though they may
choose to delegate one or more of these.
The role of Director General/CEO of the Met Office has evolved several times in the past.
There has been a general shift from having the organization led by its most distinguished
scientist to requiring a balance of business and scientific expertise. The Met Office itself has
moved from the Ministry of Defence to BEIS. All arm’s length bodies are subjected to regular
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reviews which include considering whether the business model, currently trading fund status,
is still appropriate, and this in turn affects the accountabilities of the CEO. It is expected that
such a review will be conducted within the next two years.
In terms of how the role of directors of NMHSs more generally should evolve, with the
increasing importance of both mitigation of and adaptation to climate change worldwide,
there is a need to raise the climate change discussion up the WMO agenda. Climate change
features much less than weather or hydrology in the agendas of most WMO meetings at
present. Not every NMHS director even has this in their remit. For nations where the climate
response is not included in the NMHS they could be represented by the PR in the same way
that the UK PR represents hydrology. For nations without a climate science organization,
finding the ways to give them access to local climate predictions would be an important
aspect of Leave No One Behind.

Q5.

Over recent decades, the Met Office has experienced the following large-scale trends
relating to the demand for information and advancements in technology:
1. A marked trend towards provision of impact-based forecasting which is well
documented elsewhere.
2. An emergence in the demand for climate services as our science has improved and
stakeholders have become concerned with the issue of climate change.
3. Changes to national and regional legislation and policy which have driven greater
volumes of publicly funded environmental data to be made openly available (see Q3).
There has been a shift in perception of value from revenue attributed directly to data
sales, to the value returned to the national economy from the exploitation of data.
4. Advancements in supercomputing capability and more sophisticated sensor platforms
enabling improvements in weather and climate models, resulting in a massive increase
in data volumes.
5. A transition from "on-premise" compute capability to use of cloud-based services. We
no longer see the provision and operation of technology infrastructure as our core
business. Instead, we procure services from the private sector who are able to
leverage their scale to deliver affordable capabilities that meet or exceed the level of
performance we require. In addition to technical change, we have had to adapt our
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financial models to accommodate a move from capital investment to operational
expenditure. The most significant manifestation of this trend is the recent partnership
with Microsoft for the provision of our supercomputing capability for the next decade.
More information on this partnership is in our joint presentation to the WMO Open
Consultative Platform on 4 October 2021.
Looking ahead 5-10 years there are four significant changes to consider.
1. The continued growth in volumes of data that we now deal with. For example, the
amount of data produced daily by large centres will be of the order of a few petabytes
by 2030. For all of us, it is becoming unrealistic, unaffordable and soon will not even
be possible to distribute our highest-resolution data within a useful timeframe in the
ways which we have done so up to this point.
2. Expectations regarding data use are changing too. Government agencies, industry,
academia, and citizens all want convenience and easy access to meteorological data
at scale. Developers want to be able pull environmental data into their Web
applications. Data scientists want to be able to combine environmental data with
social and economic datasets to determine impact.
3. There will be rapid advances in provision and uptake of cloud computing services,
with continued significant investment from the hyperscalers in their public-cloud
platforms.
4. Readily usable artificial intelligence (AI) tools, such as machine learning (ML), will
transform the way we work with big data. These tools will be adopted widely as they
are seen to drive cost efficiencies, innovation, and new business opportunities.
In parallel to investments in supercomputing, observing networks and science, we must also
invest in the information technology and telecommunications infrastructure needed to enable
our stakeholders, partners, and customers to effectively use the enormous quantities of data
that will be produced.
How might NMHSs respond to these changes?
1. Government-funded modelling centres, such as the Met Office and other World Met
Centres, are already responding to points one and two by providing cloud-based ‘big
data’ platforms with simple, Web-friendly open-standard APIs to make the data they
produce accessible and usable. Massive data storage with co-located computing
resource that can be provisioned on an as-needed basis mean that data can be used
in- situ, without having to download a copy to local infrastructure. This enables anyone
- be they NMHSs, small and medium-sized enterprises (SMEs), scientists developing
Earth- system models, or talented individuals - to access, process, combine, analyse
and use vast quantities of data. Simple to use and simple to understand APIs,
combined with associated rich metadata, enable data to be consumed by developers,
software applications, and algorithms from across a multitude of sectors, not just
meteorological experts. We see technical standards such as the Open Geospatial
Consortium Environmental Data Retrieval API as central to this objective, making it
easy for users to access subsets of spatial ‘big data’ through a uniform, well-defined,
simple Web interface that hides the complexities of data storage.
2. Building and operating cloud-based data platforms is a complicated and expensive
challenge and beyond the reach of many NMHS. As a community, we can collectively
provide the capability needed for all NMHSs to leverage advances in science and
technology to deliver public services and become more resilient to environmental
impacts from the changing climate. Within WMO we can envisage a future where Met
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Office and other World Meteorological Centres provide capabilities such as cloudbased data platforms with access to high-fidelity forecast data upon which participants
in the global weather enterprise can build their own applications and services.
3. The first OCP white paper states: "Implementing NWP systems with post-processing,
production and visualisation in the cloud may offer a unique advantage for developing
countries". By leveraging cloud platforms smaller NMHS will have the ability to
develop and run their own product generation on data from World Met Centres
and other sources. This would enable provision of services based on a high-quality
modelling output, but without needing the resources and expertise needed to install
and run their own HPC. It may also provide some form of reciprocity: balancing supply
of observations against access to forecast data and the means to generate bespoke
products.
Furthermore, cloud-based components may be packaged as “turn-key”
solutions, enabling smaller NMHS to implement new services and benefit
promptly from improvements in science and forecast quality.
4. The application of ML to weather and climate prediction is a very active field
of research. Another significant use of ML is to combine raw data from
weather and climate predictions with socio-economic data to determine
impact: automatically deriving user- relevant information from big data to
create high-accuracy tailored products. The use of AI and ML is an area
where the private sector is very proficient. We must make sure that the
foundation of open data and data infrastructure are uniformly accessible to
all organisations delivering commercial services.
For this vision of widely accessible cloud-based data and information to become a reality,
there are four issues that need to be addressed:
1. Coordinating development of the cloud-based big data platforms by World Met
Centres and others to ensure a consistent approach.
2. Defining the “business models” and governance for provision and use of the cloudbased infrastructure and services operated by the World Met Centres and others.
3. Rethinking the focus for our training and capacity building to ensure we are all able to
take advantage of the increasing amount of shared data and paradigm shift in
technologies.
4. Working with industry to develop new technical standards and tools that enable
interoperability between different cloud platforms where provisioning and
configuration workflows are repeatable and standardised.

Q6.
Answered in Q1.

Q7.
We consider “basic infrastructure” to cover two aspects: the observation systems and
networks, and the data infrastructure needed to move, store and access monitoring and
prediction data within the global weather enterprise.
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The first OCP white paper on the future of weather and climate forecasting describes the
challenges and opportunities pertinent to forecasting in the coming decade. Our response
complements points already made.
The Global Observing System is fragile and faces three challenges.
1. Ensuring a sustained global provision of observations. The importance of
implementing Global Basic Observing Network (GBON)and Regional Basic
Observing Network (RBON) is well documented. Sustainable funding is essential for
their success, ensuring that developing countries are able to continue to maintain and
operate observing platforms and provide observation data in accordance with the
WMO Unified Data Policy.
We expect increasing provision of observing capability within the private sector.
However, commercial business models are often at odds with the WMO desire for
"free and unrestricted" data sharing: an observation that can be freely shared can only
be sold once. As such, NMHSs need to work with the private sector to develop
licenses and business models that support WMO data policy yet are commercially
sustainable. One solution is for a consortia of NMHSs to procure, at a fair price,
observation data with a license that enables it to be shared as a "public good": for
example, EUMETSAT's purchase of SPIRE radio occultation dataset.
2. Ensuring the Global Observing System remains fit for purpose by identifying the gaps
in observing capability and prioritising coordinated investments that deliver greatest
impact. The WMO Integrated Observing System (WIGOS) philosophy of user-driven
observing systems highlights the dependence on the leading NWP centres in
providing a science- led understanding of the potential impact to forecast quality.
Continued pressure on government funding means that requirements from NWP are
outstripping NMHSs’ ability to provide observing capability. We would be open to new
approaches which provide affordable ways to fill gaps in the observing system.
Academia is one good source of innovative observations techniques. However, it
remains challenging to transfer these from research missions into operations: for
example, ESA's Aeolus satellite mission on doppler wind radar.
Another source is to use data from other sectors – so-called "opportunistic
observations" collected from platforms whose primary mission is not observing the
weather, such as connected autonomous vehicles (CAV) and Internet of Things (IoT).
These platforms and devices contain sensors that either directly or indirectly measure
environmental factors. The large numbers of these devices should enable collection
of high-resolution data, particularly in urban areas. However, we still need to adhere
to the principle of "tiered network design": using high-quality baseline and reference
networks to 'calibrate' cheaper, more prolific observing capabilities. As we engage
with other sectors to acquire opportunistic observations, ownership of the data may
be problematic. We may need to explore new legal structures that provide
independent third-party stewardship of data, such as the concept of a Data Trust as
defined by the Open Data Institute.
3. Finally, the Global Observing System is also vulnerable to loss of radio frequency
spectrum used for observing applications, e.g., satellite passive bands, weather radar.
It is essential that NMHS continue to support national and international policy-setting
activities to ensure that the spectrum is protected.
The situation for global data infrastructure (telecommunications, compute, storage etc.) is
much less perilous.
Looking to the future, while the Internet remains expensive in many parts of the developing
world, anecdotal evidence indicates that affordability, reliability, and accessibility is
improving. WMO could play a valuable role in collaboration with the International
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Telecommunication Union (ITU): negotiating with industry on behalf of NMHSs to develop
affordable tariffs for use of information technology and communications infrastructure in
support of “public goods” activities that contribute to saving lives and protecting economic
assets. As we move from the bespoke solutions of the Global Telecommunication System
(GTS) to the widely adopted technologies proposed for WIS 2.0 (Internet, Web technologies
etc.) it will become increasingly easy to source the necessary infrastructure because
There are significant challenges ahead for our community in responding to the continued
growth in data volumes and increased demand for that data from the global weather
enterprise. We cover this in detail in our response to Q5, key points as below:
1. The migration to WIS 2.0. This provides huge opportunities to improve data sharing
both within and external to our community of NMHSs. However, significant
coordination, capacity building and training will be needed to support all Members in
this transition.
2. NMHSs will likely play a central role in the future provision of basic infrastructure to
support weather and climate forecasting. As national agencies, they will continue to
be funded through the public budget to operate and maintain essential infrastructure.
The key is understanding what we, as NMHSs, are uniquely able to do, and working
with partners and suppliers to provide the rest in a sustainable way.
3. How to better attribute and advocate for the work of the NMHS as this is essential to
ensure sustainability of the publicly funded activities that all participants in the global
weather enterprise rely on.

Q8.
We operate a strategic partnerships programme identify who are the key partners we want
to work with to increase our effectiveness We work in partnership with other organisations
along the value chain and with all flavours of partner from academia, technology
organisations, client partners and other NMHSs. Even as a well-funded Met Service we can’t
be experts in everything, and we have to choose those essential skills which are core to our
mission and in which we have to maintain world class expertise ourselves and partner in
other areas with those who are best at something to enhance our own skills. Our joint
presentation with Microsoft to the WMO Open Consultative Platform on 4 October 2021
provides more detail on how we intend to partner with them. Some examples from beyond
our global and regional collaboration with fellow NMHSs are provided below (see Q9 for
collaboration with NMHSs):
Basic Infrastructure
•

Microsoft, Amazon Web Services (AWS), and other technology vendors to leverage
their capabilities in cloud technology to help solve our big data challenges and to
provide a channel for our data through their products and their wider partner
ecosystem.

Observations
•

The Facility for Airborne Atmospheric Measurements (FAAM) is a specially adapted
research aircraft which we support in partnership with the Natural Environment
Research Council (NERC).
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•

We operate the Weather Observations Website (WOW) platform to engage citizens
and collect weather observations from personal weather stations (“crowd-sourcing”).

Data Collection and Processing
•

As members of international standards developing organisations, notably Open
Geospatial Consortium (OGC) and World Wide Web Consortium (W3C), we are able
to convene peer organisations from diverse industry sectors and academia to
understand their challenges relevant to the weather and climate domain (e.g., data
sharing) and to collaboratively develop standards to resolve those challenges.

Modelling and Forecasting
•
•
•
•
•

The UM partnership - centres using the Unified Model suite of earth system modelling
software for research and operations
The Met Office Academic Partnership (MOAP) – a formal collaboration with 6 leading
UK Universities to advance the science and skill of weather and climate prediction.
the Joint Weather and Climate Research Partnership facilitating research between
the Met Office and NERC Centres to support the underpinning capability required for
weather and climate prediction
The Joint Centre for Excellence in Environmental Intelligence bringing together
researchers from the University of Exeter and the Met Office to pioneer the
development of environmental intelligence research.
various partnerships with international organizations (e.g., NCAR, ORNL) for research
outside the scope of the UM Partnership and MOAP

Product Generation
•

•

leading and participating in open-source software projects with the intent to share
implementation costs with other participating organisations, and to provide freely
available tools that enable others to collaborate with us or exploit the data and
services we provide.
We benefit from the deep industry knowledge of delivery partners such as BAE
Systems and ESRI to enable integration of our data into their systems.

Services
•
•
•

Our Public Weather Service Customer Group provides a crucial role in ensuring our
services meet the needs of the public and our public sector users such as our
emergency response community.
We also use our unique domain experience to support industry in solving problems.
For example, using knowledge of sensor performance to help determine the safe
operating environment for connected, autonomous vehicles.
Provision of the World Area Forecast Centre and associated services

Q9.
Within the RAVI region we have several well-established mechanisms for collaboration
between NMHS, as referenced in Qs 3 and 4, and these involve various subsets of RAVI
members, including:
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•
•
•
•

The European Centre for Medium range Weather Forecasting (ECMWF)
The European Meteorological Satellite agency (EUMETSAT)
The European National Meteorological Services Network (EUMETNET)
The Informal Conference of Western European Directors (ICWED) and its Eastern
European counterpart (ICCED)

These are likely to continue to play an important role, particularly if the costs of the
infrastructure needed to produce weather and climate predictions continues to increase.
The 2021-2025 Strategy of the European National Meteorological and Hydrological Services,
(NMHSs), sets out how they will serve society by speaking with a common voice and working
together as a collaborative and complementary network to shape and support the delivery of
high-quality and innovative weather, water and climate data, information, products and
services. It draws on the collective experiences of the European NMHSs to outline areas
where a shared approach could benefit societies across Europe and the wider world. It
emphasises the need for collaboration; builds upon wider initiatives within the community and
builds on work begun as part of the first collective European NMHS strategy (2016-2025),
which this replaces.
Traditionally EUMETSAT has operated weather satellites on behalf of its members, procuring
those satellites from industry. However, the democratisation of space has led to an embryonic
commercial sector who are building and operating satellites and licensing the data.
EUMETSAT recently announced that its Council had approved the acquisition of data from
one of these commercial entities and it is possible there will be a gradual shift from
EUMETSAT operating satellites to disseminating data procured from the private sector.
Within Europe most NMHSs currently own and operate their own national observing networks
and cooperate through EUMETNET on basic meteorological activities. As is already
happening in other regions, it is possible that commercial companies will be increasingly able
to offer affordable alternatives to NMHS-owned observation networks. If this is the case the
role of EUMETNET could shift to procuring ground-based observations from the private sector
on behalf of its members. EUMETNET members already collaborate to provide a panEuropean warning product and we are seeing an increasing demand for regional and global
products and services e.g., in aviation. It is plausible that EUMETNET could provide a vehicle
for NMHSs to collectively provide such products and services in future. What is clear is that if
the NMHS community does not find a way to work together to meet this demand then
increasingly this need will be met by private sector providers.
Another important factor within Europe is the balance between the roles and responsibilities
of nations and those of the EU. The EU's Destination Earth programme aims to develop a high
precision digital model of the Earth to monitor and simulate natural and human activity. Its first
two "digital twins" will address extreme natural disasters and climate change adaptation.
ECMWF will develop these digital twins with the aim of achieving global kilometre scale
weather and climate modelling capability. The data generated will form part of a data lake
operated by EUMETSAT, a federated pool of earth system and other data types required to
enable decision making. The data are expected to be openly available, in compliance with EU
data policy.
The supercomputer resource required to achieve this goal is significant, as are data storage
requirements. The volumes of data generated will be vast and will necessitate the use of cloud
infrastructures as discussed in our response to Q5. If the EU are funding global kilometre scale
earth system modelling this raises some significant questions as to the future role of NMHSs
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both of nations within the EU and wider. It may also have a fundamental impact on the nature
of ECMWF and perhaps more gradually on EUMETSAT as the proportion of their funding from
the EU grows. It is worth noting that not all ECMWF, EUMETSAT, EUMETNET or RAVI
members are members of the EU.
Taken to a logical conclusion there will be no need for all NMHS to have their own modelling
capabilities and associated IT infrastructure, since regional/national models will be expensive
and likely to add little significant value over kilometre scale modelling. The data will be freely
available and those who are agile and able to develop products and services needed by and
affordable to users will succeed, this may not be the NMHS community. This presents an
opportunity for NMHS to focus resources on excellence in collecting and maintaining
observations and interpreting weather and climate model output to provide national weather
and climate products to help protect citizens lives. With reference to our response to Q10, by
the 2030s we would hope our NMHS partners have business models which have moved away
from data selling and towards being able to charge for effective impact-based services, geared
to user requirements.
Whilst the cost of infrastructure may limit, and perhaps reduce, the number of global producing
centres (GPC) it is likely that several NMHS will continue to operate a global capability. This
is healthy to provide a variety of modelling approaches and the possibility of multi-model
ensembles. However, collaboration between these GPCs and fellow NMHSs will need to
increase, both to develop the modelling capability and to provide the infrastructure to facilitate
the reuse of the resulting data so that NMHS can continue to produce national products and
services, including warnings. Our response to Q5 elaborates on the point relating to
infrastructure.

Q10.
The Met Office experience of partnering with NMHSs in developing countries has informed
our response here. Future engagement with partners in developing countries will continue
to be based on lessons learnt from prior successful and challenging development
programmes, as well as our own experiences nationally, and with the understanding that any
form of institutional or operational change takes time to take effect. By the 2030s we would
hope our NMHS partners have business models which, have moved away from data selling
and towards being able to charge for effective impact-based services, geared to user
requirements. Reference here also to our response in Q3.
As general pointers – and in terms of potential areas of work with private/academic/civilsector partners – we would encourage the following:
1. Going beyond infrastructure and observations to provide support for institutional
strengthening. Whilst recognising the importance of investment in infrastructure;
the ability to support that infrastructure from an institutional perspective is critical
in terms of sustainability and making the best use of overall investment (including
Public Private Engagement). Whilst institutional strengthening encompasses
many areas e.g., building forecasting/observing/user engagement capacity within
NMHS, a focus on management/leadership skills, for example, is also essential.
Regular feedback from our developing country NMHS colleagues includes the
desire for advice/mentorship around best practice working with development
partners and government, and helping to enhance their role, visibility and direct
investment. By understanding the value of an NMHSs strength in providing the
authoritative voice on weather and climate data to services, the confidence can
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2.

3.

4.

5.

be then found to engage freely with private sector and other partners without the
threat of being ‘left behind’.
Media communication – including social media – is an increasingly important area
for NMHS focus and provides the opportunity to raise the NMHS’s profile in a
tangible way and to highlight their ‘authoritative’ voice. Again, there may be
opportunities to work further with the private sector here to enhance these
offerings, alongside ongoing support from WMO Public Weather Services. This
area also provides an opportunity for NMHSs to work with private sector media
partners to increase their reach.
Collaboration between NMHSs and the academic sector, to ensure research
(weather, climate, IT etc.) expertise is pulled through to design of services (and
vice-versa to provide data and information to inform wider global science
research). Ensuring optimal numbers of graduates are moving into the field of
weather and climate will aid the sustainability of NMHSs. Partnerships which
encourage to co-development of curriculums and dissemination of the value of
working in this field through educational facilities is key.
Investment into activities which support ‘last mile’ delivery to ensure services
reach those who need them most, in a form they can use. There is an opportunity
for NMHS to develop services through a co-production approach involving
academia, private and civil sector partners. These partnerships could include, for
example, working with local universities, energy companies, non-governmental
organisations and user groups. An example is the Service Development Teams
under the WISER SCIPEA project, which has developed user-focused services,
aligned to the concept of impact-based forecasting. Shifting from forecasting from
what the weather will be to what it will do will enable earlier preparedness and
response by humanitarian and development agencies, increasing the visibility,
recognition and relevance of the predictive capability of an NMHS
Increasingly partnering with regional and national organisations who can lead on
our capacity development activities with our support. These are the agencies with
the important local influence and knowledge of how to embed development
programmes into national strategies and ensure they deliver improved weather
and climate services to serve these needs.

Public cloud has democratised technology and access to it in a very powerful way. It has
revolutionised what could be done in nations which do not have expertise in delivery and
maintenance of IT systems. There are considerable opportunities to capitalise on this through
partnership with the private sector technology companies which provide this infrastructure,
particularly if the current challenge of intermittent access to energy sources and erratic
internet connection can be overcome. This will lift the burden of the need to ‘download’
volumes of data locally, keeping all interactions ‘up in the cloud’. See response to Q5 & Q7
for further information.

Q11.
We understand the need to lead and invest in our people and culture to make sure the Met
Office remains a great place to work for all. It is important to embrace the skills of all people,
retain talent, recruit effectively and enable people to develop their skills. Excellent people and
culture are a core pillar of our strategy (see Q12), and our people strategy reflects the changes
we need to make in leadership, skills development, equality and diversity to enable all our staff
to give of their best.
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We have interventions to ensure we recruit, retain and make best use of talent throughout the
whole career journey of our staff including:
•

•
•

•
•
•

STEM outreach to build a skills pipeline before people even join us, including our
outstanding Met Office for Schools programme and targeted at communities who can
enhance our diversity. We also have close links with our local scientific educational
institutes.
An early careers strategy, linking into our talent and skill ambitions to include
apprentices including graduate apprenticeships, for existing staff and new recruits,
graduate schemes, Industrial Placements,
Understanding the talent, we have and actively managing a percentage of this with
targeted actions including leadership and technical leadership streams. This includes
a role for our People Committee to look at talent at an organisational level to facilitate
cross organisation opportunity and facilitate succession planning.
Identifying the main professions, we want to invest in and encouraging communities
of practice and externally benchmarked professional development
Mentoring and coaching.
Increased visibility of our wellbeing commitment and our values and brand to
encourage talent to join the Met Office.

Q12.
The Met Office updated its strategy in 2019, our Purpose is “Helping you make better
decisions to stay safe and thrive” and our vision is to be “recognized as global leaders in
weather and climate science and services in our changing world”. The “changing world” is
intended to capture both the technological and climate changes which are rapidly ongoing.

To achieve our vision and purpose we rely on three strategic anchors of Excellent People and
Culture, Exceptional Science, Technology and Operations and Extraordinary Impact and
Benefit, and are undertaking a series of actions to move us towards our goals. These range
from adapting to post COVID working, to becoming a Net Zero organization by 2030 and
evolve over time. However, the largest changes are associated with the move to provision of
our supercomputing capability by Microsoft UK. This is expected to be the most powerful in
the world dedicated to weather and climate, and to make use of the power and volumes of
data we will need to make wholesale changes to our entire forecast production system. We
will rewrite our modelling codes to be more scalable, completely replace our data platform and
streamline our product set to enable users easily to access only that data which is relevant to
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them from a series of standard data offerings. We work in partnership with skilled
organisations from academia and other NMHSs, to technology and digital enterprises both
large and small, but most especially with our customers and users to ensure that the
predictions and advice we provide enable them to understand the weather and climate impacts
which are of interest to them.
We expect that we will increasingly provide data for consumption both by expert users and
directly by machines. We are committed to open data in line with the new WMO Unified Data
Policy. The Met Office is already committed to the use of public cloud for its data products and
will no longer own its own supercomputer, which may well also be cloud-based in future. This
will create opportunities for partners including other NMHSs to bring their data alongside our
models and collaborate in new ways. Several of our UK government stakeholders are already
seeing opportunities to benefit from this in future.
Many of these aspects are also captured in the European Met Services Strategy mentioned
above and we will work in our region and beyond to ensure interoperability of data and cloud
solutions.
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Phil Evans
Director-General, European Organisation for the Exploitation of Meteorological Satellites
(EUMETSAT)

Q3.
EUMETSAT has a clearly defined data policy (Data Policy | EUMETSAT). This data policy is
decided by EUMETSAT Council and is based on the need to recognise the owner of the data.
This is achieved by having licensing and controlling the rights of redistribution of the data.
Most of EUMETSAT data are provided free of charge, with the exceptions of some datasets
which can be acquired against a paying license, mainly for commercial applications.
EUMETSAT data policy is also securing free of charge access to data to research institutions
and developing countries. The recent developments of the EUMETSAT data policy are going
towards more liberalisation, in line with the Oslo Declaration. EUMETSAT Member States
have also reduced the latency after which data are made available without restriction.
EUMETSAT is planning for the data policy of its new MTG and EPS-SG programmes, and we
expect this trend to be confirmed.
In terms of data distribution, EUMETSAT has significantly improve its data services, and has
moved towards the development of a series of big data services, hosted in a private cloud run
in EUMETSAT. The evolution of the data policy, in particular with regard to reduced latency,
has enabled users to take full benefits of these new cloud-based data services. These new
services are adapted to the increased volume and remove friction in accessing the data. Users
are able to access and discover the data in a much more efficient way. It is expected that
these services will continue to evolve in the future, as data volumes will increase further and
the way they are made accessible.
With regard to new WMO Resolution 42, EUMETSAT Member States have been deeply
involved in the discussion with WMO and have adopted a similar approach in EUMETSAT
Council. There is a strong support from EUMETSAT Council for the free and open access to
data highlighted in Resolution 42. This is important to ensure that the downstream addedvalue chain, which is where value is created, get access to more and more observations. For
satellite data, the mechanisms of consultation enclosed in Resolution 42 is supported.

Q4.
This question leads to the one about the evolution of present met-service business models. In
most countries met-services – or associated international bodies – have owned most of the
production pipeline or value chain, from science through to data or services. Broadly, present
met-services feature different business models, ranging from covering the full value chain to
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just produce numerical weather predictions, from being competent for just weather warnings
to being in charge of multi-hazard systems (i.e., earthquake, volcano, tsunami). As other
players develop capabilities at different points of the value chain, possible new solutions will
raise within the context of public-private partnership. A more modular system will emerge with
different players acting on upstream and downstream part of the value chain. New players
already emerged as providers of specific observational data or networks, computing services
or tailored specific services.
The role of met-service directors will consequently evolve, ranging from overseeing the
activities and quality of internal and external contracted services, to aggregating elements
from more than one provider. The skills of future directors will feature an increasing emphasis
on standard setting and monitoring, and an ability to manage/contract with an ecosystem of
providers.

Q5.
The new space has demonstrated to provide high standard data and services with smaller and
cost-effective satellite. A large amount of data and imagery from space are now processed,
interpreted – and marketed – by a growing number of private companies. The miniaturization
of instruments is favouring the development of dedicated constellations of cubesat or smallsat
with similar capabilities compared to larger payloads few years ago. All this makes the buying
of third-party data economically affordable.
The cloud computing and big data economy will change the way we are designing, developing
and sharing operational satellite data and products. The cloud could facilitate partnership and
collaboration among countries and connection to the private sector. At the same time the new
space companies and their partners could better exploit the innovation potential of the cloud
and generate end user services in the meteorological market. Possibly, traditional satellite
agencies risk of being out-innovated by new entrants.

Q7.
Infrastructures are essential in the weather/climate value chain, ranging from space to ground
based observations, from data communication to computing facilities. At the same time, many
critical infrastructures are perceived expensive and the value, they generate in the
downstream part of the value chain, unrecognised (tragedy of the commons).
The wide value of such infrastructures (i.e., their life cycle assessment) could be strengthened
by their role in the international context and cooperation. This could be through shared delivery
organizations, such as EUMETSAT, or coordination bodies such as WMO. As the ultimate
objective is to enhance the availability and accessibility of tailored weather, climate and
environmental information to all citizens, the need of a global ecosystem that guarantees the
coordination, operational sharing mechanisms and timely dissemination goes hand in hand
with the recognition of the value of the underpinning infrastructures.
The growing availability of end service products (for example from the private sector) runs the
risk of obscuring the criticality of the aforementioned infrastructures. There is a need of
balancing the perception of the infrastructure as a pure cost with a sufficient level of
understanding of their role in the downstream weather market (i.e. considering climate and
53 | P a g e

environmental services). A shared agenda with all players in the market would undoubtedly e
to the benefit of all.

Q8.
This discussion recently took place in EUMETSAT. EUMETSAT Council agreed that the
EUMETSAT Convention authorises the organisation to procure observations from commercial
providers on behalf of its Member States and make them available to them. To test the
relationships with commercial data providers, a pilot procurement project of RO data has
started mid-2021. It will last for 3 years. The purpose of this pilot project is for EUMETSAT to
learn how it is possible to set-up operational data services with commercial entities. The
implementation of the pilot project will carefully be monitored by Member States and a lessons
learnt exercise will be run at the end of the 3 years to assess if this approach should be further
considered.
In the future, it might be expected that the trend would be to look at this from an ecosystem
perspective and that more collaboration and cooperation will take place between the
meteorological actors. This will be important to continue to understand the requirements from
the users and get more data flowing to them, responding to their needs.

Q10.
The issues faced by developing countries are in nature the same as those in developed
countries, but far more extreme, and include the ability to provide services of a “contemporary”
quality, to maintain the necessary skills and infrastructures, as well as to achieve adequate
competence in key areas.
In this context, NMHS in developing countries will have to develop their own strategies. Most
probably they might need to get support from supra-national institutions. This is the approach
taken by EUMETSAT, working with the African Union Commission and the African Regional
Economic Communities, which are implementing EU-funded projects to secure access to our
satellite data in national meteorological services, as well as the necessary training and
capacity building.
However, the current model of NMHS in developing countries might be at risks, as the
investments needed to remain “on the top” are important. It is therefore important to support
them to develop capacities to engage with third parties, to support capacities to participate in
multi-national projects developing multi-national capabilities and finally to support them in
making maximum use of the capacities they have. For EUMETSAT, we put a lot of efforts in
making sure that the data distributed to African NMHS are used – and we do this through an
important training programme, coordinated with WMO.
A key role of NHMS in developing countries will remain to be the link with the user communities
and make sure that the increased amounts of data delivered to them continue to respond to
concrete user requirements.
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Q11.
The organisations involved in the meteorological community need to make maximum
advantage of the assets they already have and make sure that they offer opportunities to have
interesting and rewarding careers. The fact that meteorological organisations have a
meaningful contribution to society and contribute to an international endeavour is an asset.
As a result of the recent sanitary crisis, organisations will also need to maximise their nonfinancial rewards, and propose incentives like flexible working, personal development
programmes, career and intrinsic reward / job satisfaction.
Empowering people in MET organisations is an issue of management culture, processes and
structure. Organisations need to address these issues and reflect this in their organisation
design, through dedicated training programmes, and through change management culture.
Organisations will need to be very clear on the skills they need and how they will be sourced,
by developing them, recruiting them or buying them. The profile of the skills needed will most
probably evolve in the future to match the evolution of technologies needed to acquire, process
and make data and products available to users.

Q12.
New emerging markets will certainly growth in terms of demand of meteorological data and
applications. The energy & utilities already feature the largest share in the weather forecasting
services market (Weather Forecasting Services Market by Industry, Global Forecast to 2025),
other sectors will emerge as highly dependent on weather data, such as autonomous vehicles
(i.e., cars, drones) in order to characterize vehicle performance under adverse weather
conditions at different levels of automation.
Such a fast-changing landscape will require an innovative way to track down user’s needs,
and to translate them into observational and architectural requirements. Heavy long running
processes need to be replaced with continuous and flexible ones, making possible to design
and complement space observational systems in a much shorter time period compared to the
past. Sharing the user’s requirement experience across space agencies continues to be an
important added value of global collaboration.
The growing complexity of the operational EO satellite market (i.e., number of providers,
dedicated constellations to specific measurements) push satellite agencies to become more
and more flexible and innovative. Organizations need to understand where they fit in their
international ecosystem –what strong or unique capabilities do they bring – and how do they
develop the right skills to be able to manage their role in such a wider ecosystem. All this
determines a change of culture, internal mechanisms, and training to be far more agile and
innovative.
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Naoyuki Hasegawa
Permanent Representative of Japan with WMO; Director-General, Japan Meteorological
Agency

Q1.
Japan’s Meteorological Service Act
Enacted in 1952, Japan's Meteorological Service Act prescribes basic systems for
meteorological services to be provided by various entities. It covers operation by the Japan
Meteorological Agency (JMA) itself as well as roles of related entities (including national/local
government bodies, media organizations and the private sector) and related interaction with
JMA. The Act1 has underpinned the development of meteorological services in Japan for
decades.
o Article 1

The purpose of this Act is to ensure the sound development of
meteorological services by prescribing basic systems concerning meteorological
services, and thereby to contribute to the promotion of public welfare by preventing
disasters, securing traffic safety, and promoting the prosperity of industries, and
to offer international cooperation concerning meteorological services.
Its content stipulates JMA’s responsibility for work relating to observation, forecasting,
warnings, and communication networks, provision of meteorological information, and
promotion of related utilization in socio-economic activity. The legislation is also intended to
maximize private-sector activity, ensure the quality of various services, and contribute to public
welfare. JMA regulatory systems are also stipulated, including a forecasting license system to
ensure a certain level of quality in private forecasting services (Article 17), and a system of
standards and verification to ensure observation quality (Articles 6 and 9).
Under the Act, JMA is responsible for issuing prompt warnings for disaster mitigation, which
is one of the most important roles of public services (Article 13). The Agency is given sole
authority for such issuance to support related activities by national and local government
bodies (Article 23), which transfer the information as necessary in conjunction with
telecommunication companies, media organizations and licensed meteorological service
providers (Article 15).
o Article 23

No person other than the Japan Meteorological Agency may give
warnings of meteorological phenomena, earthquake ground motions, volcanic
phenomena, tsunamis, storm surges, high waves, or floods; provided, however,
that this shall not apply to cases specified by Cabinet Order.
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The Act covers natural phenomena such as earthquakes, volcanoes and tsunamis in addition
to meteorological and hydrological phenomena. Accordingly, JMA provides integrated and
systematic information on Japan’s wide range of natural disasters.
The MLIT Establishment Act
The MLIT Establishment Act positions JMA as an external bureau of the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT), with a specified mandate and jurisdiction. The
Act and related laws/regulations stipulate the establishment of regional offices and facilities,
such as the Meteorological Research Institute.

Q2.
Historical development of JMA roles and functions2
As detailed in A1, the Meteorological Service Act of 1952 (the year before Japan joined WMO)
stipulates the roles of JMA in regulating/promoting meteorological services provided by
various entities in Japan. It also supports the domestic system for involvement with the WMO
Convention, the International Civil Aviation Convention and the International Convention for
the Safety of Life at Sea of 1948.
Historical development has followed the increasing importance of disaster risk reduction
(DRR) services along with deregulation and other considerations in the private sector. The
frequent disaster conditions has raised public awareness of disaster management, and
government agencies have strengthened their DRR measures. As an authoritative voice in
the sector, JMA works to improve disaster mitigation information for use in decision making of
relevant parties and to strengthen interaction with suchparties.
Demand for meteorological information increased in the 1990s due to the development of
technology in the fields of observation/forecasting and information and communication, as well
as a diversification of socio-economic activity. Accordingly, the private sector now plays a
greater role than ever in meeting related public need. The Meteorological Service Act of 1952
allowed private operators to provide forecast services to specific consumers, with only
commentary on JMA forecasts permitted for the general public. The Act was amended in 1993
toward a system supporting commercial provision of meteorological information. The
amendment includes deregulation to allow the licensed private supply of forecasts to the
general public, establishment of the Japan Meteorological Business Support Center (JMBSC)
to promote commercial development including the provision of meteorological data to the
private sector, and a system for meteorological forecaster certification to enhance the quality
of forecast services.
Future prospects
Changes in natural/social environments and technological development are expected to
accelerate in the future. In this regard, JMA should continue to improve its observation and
forecasting technology as core elements of its meteorological services in collaboration with
relevant organizations and develop an environment in which meteorological data can be used
as indispensable elements of public software infrastructure. Such efforts will contribute to
disaster mitigation, daily living and economic activity.
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Q3.
JMA data provision
JMA provides free online data (either self-generated or from other sources) for general use,
including observation results, forecasts and warnings. Most of the data, such as NWP output
for the private sector and other highly specialized high-volume consumers, are provided via
JMBSC (see A2). The Center is designated by the Director-General of JMA based on the
Meteorological Service Act and is engaged in supporting the sound development of private
meteorological services. Data are provided to commercial and other operators for a marginal
fee (with the data itself free of charge) and with unrestricted conditions on usage. The number
of consumers since the system’s introduction in 1993 has grown year by year, and currently
stands at around 300.
o Article 24-28

The Director-General of the Japan Meteorological Agency may
designate general incorporated association(s) or general incorporated
foundation(s) which is intended to ensure the sound development of
meteorological services and found to conform to the following standards
concerning the services prescribed in the following Article as a private weather
service support center (hereinafter referred to "center"), upon application thereby
…
o Article 24-29

A center shall carry out the following services for the purposes
of supporting the sound development of forecasting services performed under
license pursuant to the provisions of Article 17 and other meteorological services
in the private sector and ensuring the promotion of the use of meteorological
information in industries, transportation, and other social activities …
Opportunities and challenges
There is strong demand for free and unrestricted data provision from private-sector and other
operators. However, NMHS budgetary constraints pose challenges in reaching a consensus
on related frameworks for exchange among various entities. Recent years have seen issues
in areas such as how the costs of commercial satellite observation data should be handled in
the international exchange framework. In this context, there is an increasing need for
international cooperation and WMO operations in line with the Unified Data Policy (to be
approved via Cg-Ext2021), related practical operation (including the development of relevant
manuals), contribution toward solutions, and dialogue among a wide range of stakeholders.
JMA interacts with research institutes, commercial operators and other domestic stakeholders
on associated matters, including WMO data policy and the importance of international data
exchange frameworks. Such discussion should be expanded domestically and internationally.

Q4.
Sound development of meteorological services with mutual understanding
Under the Meteorological Service Act, JMA is responsible for the sound development of such
services in Japan as a whole. To this end, as detailed in A1 and A2, the Agency is also
responsible for regulating services overall to ensure quality, including licensing of forecasting
services. An important PR role involves promoting dialogue with the private sector and
academia to support mutual understanding of role division among the public, private and
58 | P a g e

academic sectors and to ensure the smooth operation of meteorological services nationwide.
In recent years, rapid changes in the social environment (such as technological progress and
the development of a data-driven society) have expanded the range of stakeholders related
to meteorological services. As such, these PR roles are expected to become increasingly
important.
Commitment to DRR activities in government
With DRR in particular, JMA disaster mitigation information is crucial in the situation-related
actions of various agencies. When a disaster arises or is imminent, decision making in highlevel government is also required. In recent years, the JMA Director-General has increasingly
had to outline current and expected weather situations to the Prime Minister and in ministeriallevel meetings.
Warnings in regard to management of river issues such as flooding are issued jointly by JMA
and MLIT, which has jurisdiction over hydrology matters. MLIT and the JMA Director-General
work together at higher levels, while local branch offices collaborate at the field level to provide
information. The Director-General manages and directs the Agency as a whole and supports
high-level government decision-making, thereby raising the organization’s profile.

Q5.
Advances in NWP technology and information and communication technology have changed
the way JMA operates and provides services, especially in disaster mitigation, and the way
the private sector does business.
Changes in JMA operations
Changes in disaster mitigation include the development and provision of more detailed
information, such as heavy-rain warnings based on indexes closely corresponding to disaster
conditions (rather than cumulative rainfall amounts), risk maps based on this information, and
high-resolution five-minute precipitation nowcasts with a 250-meter mesh. A location-based
online service notifying of increased disaster risk was launched in 2019 in collaboration with
commercial operators (see also A8).
Another development incorporates enhanced support for disaster management-related
organizations. The roles of local-office forecasters have changed from analysis of
meteorological phenomena and forecast/warning issuance to incorporate support for local
government disaster-response decisions in areas such as issuance of evacuation advisories,
emergency rescue and preparations for secondary disasters. During normal times, forecasters
provide disaster-risk information to local governments and residents based on local
characteristics. When disasters are imminent, local governments are supported by forecasters
in recognizing situations and taking necessary measures based on meteorological information
and advice premised on regular interactions.
Advances in NWP technology have also enabled a variety of weather services other than the
provision of disaster mitigation information. For example, in 2019 JMA introduced temperature
forecasts with a two-week lead time for the planning of activities and risk management in
agriculture and industry. The Agency also works in various fields to create examples of how
such information can contribute to socio-economic productivity.
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Changes in the private sector
Advances in NWP technology and ICT have diversified public need for weather information
and provided various commercial opportunities in the private sector. JMA updated the
forecasting license system in 1993 to facilitate commercial forecasting for the general public
and established a data provision system for the development of private services. JMBSC
supports private-sector development for response to public demand via this system and by
holding information sessions on new/improved data and providing training to consumers (see
also A2, A6).
Anticipated changes
The frequency and intensity of extreme weather events associated with climate change are
expected to increase, along with demographic aging and a declining birth rate. In this context,
the roles of meteorological services will take on greater importance in contributing to public
welfare, especially in the protection of life and property. The development of cloud computing,
AI/ML and other technologies relevant to meteorology, as well as increased volumes of
observation data from various measuring instruments, are also expected to progress. JMA
should engage in the improvement of observation and forecast data (which form the basis of
meteorological services) by incorporating such cutting-edge technologies, thereby promoting
the development of commercial activities and public provision so that meteorological services
as a whole meet demand.

Q6.
JMA business model
JMA issues warnings and related information to protect life and property, and also provides
basic national services such as weather forecasts for public consumption. The Agency is
government-funded and non-commercial, allowing focus on national services (e.g., support
for DRR via the provision of meteorological information and development of infrastructure
elements such as observation networks) with provision of opportunities for the private sector
to play active roles in meeting diverse public needs.
Private-sector business model
Commercial operators licensed by the JMA Director-General are expected to provide a variety
of value-added forecasting services to meet diverse public needs. JMA's NWP output and
other data necessary for such activities are provided to the private sector for a marginal fee
(with the data itself free of charge) via JMBSC (see also A3, A5).
The data provision mechanism is considered sustainable and fair, with a cost burden based
on consumption. As the volume of meteorological information continues to increase, JMA
plans to develop a cloud-based data sharing system partially funded by consumers. This will
enable efficient and expanded sharing of data, as well as contributing to weather service
innovation via joint research and technological development by public, private and academic
operators.
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Q7.
Basic infrastructural sustainability is key to future meteorological services. With the limited
financial resources available, it is necessary to build and operate efficient observation and
communication networks in collaboration with the private and academic sectors. As
operational/maintenance costs are often a barrier to sustainability in development assistance
projects for countries or regions with insufficient infrastructure, efforts must be made for
ongoing post-project infrastructural operation.
Policies and frameworks for international data exchange, as well as basic infrastructural
elements such as observation and communication networks, are the foundation of
meteorological services provided by various entities such as NMHSs and private-sector
operators. Accordingly, NMHSs should promote awareness of the importance of such
elements among relevant stakeholders.

Q8.
As detailed in A1, JMA provides meteorological services in collaboration with various
stakeholders in Japan, maintaining long-standing relations with disaster management
agencies, research institutes and commercial operators. Recent years have seen rapid
social change, especially in the diversification of demand for meteorological services, and
collaboration with the private sector and academia has been strengthened to create
synergetic effects. Some examples are highlighted below.
Engagement with academia
The Consortium for Meteorological Research, established in 2007 in collaboration with the
Meteorological Society of Japan, aims to develop meteorological research and foster human
resources by sharing JMA data with academia and providing feedback from research results.
In regard to climate services (such as analysis of mechanisms behind extreme weather
events), JMA and the academic community have a web-based platform to support the sharing
of cutting-edge expertise from research institutions. JMA collaborates with such institutions for
analysis via this platform when an extreme weather event has a major impact on the social
economy, and promptly publishes its views on related causes.
In 2019, JMA began a joint research project with RIKEN – a top-level research institute in
Japan – to enable utilization of the latter’s AI technology for quality control of observation data
and integrated interpretation of NWP output.
In 2021, JMA launched a joint research project in collaboration with The University of Tokyo
to share the Agency's observation data, its latest NWP system toward the creation of highly
functional 5 km-mesh re-analysis data for the Japan region on the university’s state-of-the-art
supercomputer. The resulting data are expected to support further improvement of regional
climate scenarios based on detailed analysis of climate change and extreme weather events
nationwide. Focus is also placed on collaboration with industry and academia in various parts
of the value chain to make re-analysis data widely available in major areas such as agriculture,
renewable energy, insurance and operational improvement for transportation and logistics.
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Engagement with the private sector
In 2019, JMA launched a service in collaboration with commercial operators to provide push
notification to the public via email or smartphones when disaster risk is high. The information
combines JMA data on local risk of heavy rainfall and flooding with the communication
networks of commercial operators.
In 2020, JMA implemented a joint survey with commercial operators (e.g., electric power,
transportation and telecommunication companies) with a view to utilizing their observation
data in the provision of meteorological services.
Engagement within governmental organizations
JMA interacts with the Water and Disaster Management Bureau of MLIT and local
governments to exchange rainfall observation data, NWP output on rainfall and storm surges,
radar data, water level observation/prediction data and other information to issue flood
forecasts and landslide alert information in conjunction with national and prefectural
government bodies.
JMA and Japan’s Ministry of the Environment began issuing Heat Stroke Alerts for the KantoKoshin region in 2020 and nationwide in 2021. This creates synergies between the Ministry of
the Environment's expertise in heat stroke countermeasures and JMA's expertise in
temperature forecasts and long-established communication measures.
The Ministry of Agriculture, Forestry and Fisheries (MAFF) uses JMA weather information to
provide guidance on cultivation management via local agricultural departments.
Weather Business Consortium (WXBC)
The Weather Business Consortium (WXBC) was established in 2017 via joint efforts by
private, public and academic operators, incorporating current and potential meteorological
data consumers. The purpose of WXBC is to drive commerce involving intensive usage of
meteorological data in technologies such AI/ML and the Internet of Things (IoT), thereby
enhancing socio-economic productivity in Japan. JMA functions as the consortium’s
secretariat to promote inter-sector dialogue, and also provides new data and related
processing techniques in response to needs identified from such dialogue.

Q9.
International collaboration
The sustainable development of global observation and communication networks as elements
of basic infrastructure for meteorological services should be conducted in coordination with
WMO and other organizations, as achievement by single countries/organizations is limited.
Such interaction is also effective in building a broad international understanding (including
among global companies) of meteorological service matters, such as the importance of
infrastructure and data exchange. Forums for dialogue among stakeholders in the public,
private and academic sectors (such as the Open Consultative Platform) are effective in this
regard.
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Support for NMHS visibility improvement
NMHSs must provide public services, even in the midst of drastic changes in social
environments, including emerging transboundary meteorological output from commercial
companies. The most important contribution as public services is in the field of DRR activities,
which also supports increased NMHS visibility within government agencies (see also A10). It
is also essential to help stakeholders in the private sector and elsewhere to raise awareness
regarding the importance of infrastructure and data exchanges and to build collaborative
relations. In this context, there is a need to develop technological expertise in meteorological
services as well as human resources for planning and management. WMO support for training
and other forms of capacity building in this area are expected.

Q10.
NMHS commitment to DRR activities
In the field of DRR, NMHS information supports authorities and the public in appropriate
evacuation and other actions. This is a societal role of NMHS, which should contribute to the
establishment of relevant governmental and social DRR activity frameworks in collaboration
with related organizations to support recognition of their roles. Accordingly, associated
organizations must understand and share expertise on how information from NMHSs is used,
and on the type of information expected. Continued dialogue and updating of NMHS
operations based on lessons learned from such experience will allow NMHSs to improve
operations on an ongoing basis. It is also important to build awareness in collaboration with
the civil society organization and the media, thereby supporting action to mitigate disaster
damage. This applies both to developed and developing countries, and NMHSs need to be
able to fulfill these roles based on technical infrastructure and sharing of expertise via the
WMO framework. Accordingly, NMHSs must commit themselves to DRR activities in close
collaboration with governmental bodies.
Collaboration with other sectors
In collaboration with the private sector, it is important to define certain aspects of public/private
roles (e.g., legal obligations) to support active operations by private operators. It is also
necessary to develop appropriate national frameworks with reference to successful examples
in other countries.
Focus should be placed on dialogue with stakeholders (both public and private) in fields such
as agriculture, hydrology and energy, where weather data are likely to be utilized, regarding
the potential for NMHS service/data usage and related improvement. Dialogue and joint
research with operators in retail and other industries significantly affected by meteorological
conditions will also be effective in promoting application of related information and data.

Q11.
Development of JMA human resources
In response to a growing need for expertise in DRR, JMA works to develop expertise in the
field via personnel exchanges with local governments and other related organizations. As the
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technology required for operations is widely distributed among various departments within the
Agency, efforts are made to identify and develop human resources by listing and visualizing
technical work and necessary expertise with focus on the required in-house technology and
strategic outsourcing.
Inter-sectoral collaboration in human resource development
The optimization of contributions from meteorological services requires openness regarding
JMA technology and expertise associated with observation and forecasting in the private and
academic sectors, along with promotion for the application of results from cutting-edge
research conducted by universities and research institutes to the operations of JMA and
commercial operators. Effective promotion requires human resource mobility based on
exchanges among JMA and public-private-academic sector operators, inter-sector training
and enhancement of internship programs. These activities will also contribute to the
improvement of mutual understanding and will enable a wider range of people from various
sectors to interact with meteorological service providers.

Q12.
Vision for Japan’s meteorological services in 2030
In view of changes in natural and social environments and further technological development
toward 2030, the roles of meteorological services are expected to become even more
important in protecting life and property and supporting quality of life. As such services are
based on observation and forecasting technology, there is a need for constant cutting-edge
innovation and improvement along with promotion of application of meteorological information
and data as an indispensable part of soft infrastructure and a common public asset.
The development of meteorological services toward the envisioned future requires ongoing
collaboration among public-private-academia sector operators. The role played by academia
in scientific and technological development is indispensable in improving the accuracy of
observations and forecasts. The private sector, with which data consumers may be more
familiar, is also important in promoting the utilization of meteorological information.
While various entities are involved in the provision of meteorological services, JMA must play
a central role as a national agency in contributing to disaster mitigation, which directly affects
life and public property. The Agency will promote progress using advanced technologies and
other tools, develop meteorological information supporting local governments in issuing
evacuation advisories, and promote public awareness of disaster risk. The organization will
also support the individual use of disaster mitigation information for safety and evacuation
when disasters are imminent in collaboration with industry, government, academia and local
communities.
(See A8 for information on WMO help for Members (NMHSs), especially in developing
countries, in relation to collaboration among Members and sectors.)
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Stephen Hunt
Permanent Representative of New Zealand with WMO; Chief Executive Officer,
Meteorological Service of New Zealand Ltd

Q1.
In 1992, the New Zealand government created a commercial company out of its national
weather service, establishing MetService as a State-Owned Enterprise (SOE). By providing
all of its services in a commercial context, MetService is underpinned by business disciplines
of continuous improvement, customer service, and value-for-money. The company generates
new revenue based on the expertise of its scientists, reducing the cost of weather services to
the taxpayer, and delivering export earnings for New Zealand.
The State-Owned Enterprises Act 1986 (the Act) requires MetService to operate as a
successful business and to be:
•
•
•

as profitable and efficient as comparable businesses not owned by the Crown
a good employer
an organisation that exhibits a sense of social responsibility by having regard to the
interests of the community in which it operates and by endeavouring to accommodate
or encourage these when it is able to do so.

The Act spells out the broad nature of the Crown’s ownership of the company, defining the
role of directors, outlining the responsibilities of shareholding Ministers, and setting out the
Company’s reporting requirements.
The Meteorological Services Act 1990 requires the Minister of Transport to ensure the
provision of a meteorological warning service and arrange for the provision of forecasts and
collection of meteorological data to support those activities. The Minister discharges those
responsibilities through a commercial contract with MetService, which sets clear service
requirements and performance metrics, and recognises MetService as the New Zealand
Alerting Authority for marine, aviation and land-based severe weather.

Q2.
MetService’s main functional roles have been, and will continue to be, developed through its
contractual arrangements with the Ministry of Transport (refer Q1 above) and the Civil Aviation
Authority. This ensures that services in support of public safety and aviation, respectively, will
continue to evolve to meet the changing needs of end users and the long-term effects of a
changing climate.
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We consider New Zealand legislation, as well as the Government’s contractual arrangements
with MetService, to provide reasonable assurance regarding the integrity of the warning
system and compliance with international obligations. However, it will remain incumbent on
MetService to continue to deliver services that are highly valued by end users and our
government stakeholders.
In the long term, we expect our role to become increasingly focused on providing expert advice
and guidance across New Zealand’s national risk management framework, as we experience
increasing impacts of climate change on our complex physical geography and a coastal
population. This will bring new requirements for MetService to develop wider capabilities in
environmental monitoring and prediction, which will drive greater emphasis on external
partnerships with both the public and private sectors.

Q3.
The New Zealand Government is committed to open sharing of Government-held data as
outlined in its NZ Open Access and Licensing (NZGOAL) framework, which provides principles
and practical guidance for data sharing. Recognising the special circumstances of Crownowned companies, MetService and other SOEs are encouraged, but not required, to adopt
the NZGOAL framework.
MetService has adopted a data tiering approach that strikes a balance between its commercial
goals and the wider societal benefits offered by the NZGOAL framework. In broad terms,
MetService’s data is categorised as either open-access or commercial, with the latter subject
to user charges that reflect the cost of the data and its commercial value. However,
commercial data is also made available at no charge to support non-commercial activity such
as scientific research or product prototyping, under licensing arrangements that are consistent
with the NZGOAL framework. While the full implications of the draft WMO Unified Data Policy
are still being determined, we expect that the new policy will be readily accommodated within
MetService’s existing data policies as described above.

Q4.
The current role of the NMHS director is to lead MetService as both a successful commercial
enterprise and the country’s designated authority on severe weather, including representation
of NZ with the WMO. These responsibilities should remain as the cornerstones of the role of
the director, and should be strengthened, where possible. The New Zealand hydrological
service system currently sits outside the role of MetService, with responsibility lying with
Regional Councils.
As described in Q2, we will be increasingly engaged as part of the wider New Zealand risk
management framework, as the importance of weather and weather-related impacts grow in
response to climate change. The role of the director will evolve accordingly, with growing
emphasis on engagement across the public sector agencies that are either involved in
managing environmental risks or affected by adverse environmental conditions.
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Q5.

MetService underwent a major
transformation with introduction of the
SOE model in 1992, transitioning
from
a
conventional
central
government agency to a fully
commercial organisation with an
international
presence.
The
commercial imperative keeps us
focused, lean, and flexible to meet the
changing needs of our users and the markets in which we operate, while our offshore work
allows us to return revenue for investment into new products and services that benefit New
Zealand.
Some of the more significant changes we have made since then are:
•

Automation of almost all of our weather observations, including pioneering work in the
use of automated aerodrome observations

•

Implementation of a dedicated Weather Communications team, delivering broadcastquality video briefings and other engagement across social media and our interactive
channels, to improve access and quality of service for the New Zealand public
Transition of most of our IT, weather modelling, and data management infrastructure
from a conventional data centre to the Cloud, improving operational resilience and
providing greater flexibility (e.g., on-demand computing capacity) to our innovation
teams
Implementation of a range of new public-safety services on behalf of the New Zealand
Government, including expansion of our weather radar network, a severe convection
warning service, a comprehensive road monitoring and alerting system for the State
Highway network, and establishment of the ICAO Wellington Volcanic Ash Advisory
Centre

•

•

Looking ahead over the coming 5-10 years, we expect that our operations will be shaped and
guided by opportunities (including potential disruptions) in four main areas:
•
•
•
•

Growing interest from the public, businesses, and Government stakeholders, in the
impacts of severe weather and weather-related conditions in a changing climate
Rapidly growing data volumes associated with environmental observations and
prediction systems, with emphasis on technical challenges in managing, and extracting
value from, large datasets
Applications of Artificial Intelligence, and associated technologies like augmented or
virtual reality, to data interpretation and environmental prediction
The evolving role of the professional meteorologist, which is moving rapidly away from
traditional forecast production towards a consultative role
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Q6.
As described above, MetService is a fully commercial entity, funded through commercial
contracts with both private and public sector customers, including delivery of most core NMS
activities on behalf of the Government. This model has delivered significant benefits through
the application of commercial disciplines of continuous improvement and efficiency. At the
same time, it does pose challenges, requiring MetService to find a reasonable balance
between its commercial imperative and its public-good responsibilities. Overall, as we
approach our 30th anniversary as a State-Owned Enterprise, we consider the application of
the SOE model to new Zealand’s National Meteorological Service to have been highly
successful.
Hydrological services and responsibilities are provided by multiple entities, including Regional
Councils for associated advisories to the public (e.g., flooding and coastal inundation) and the
National Institute of Water and Atmospheric Research (NIWA), which provides advice and
support to local authorities.
Q7.
The IT challenges of maintaining and supporting legacy systems are increasing with migration
efforts accelerating that enhance resilience and sustainability. Increasingly, we’re seeing a
shift away from owning hardware/servers to running in a cloud environment enabling rapid
deployment and ease of upgrade/support. We expect this trend to continue, potentially even
for the traditional forecaster workstation, which will enable a truly distributed and mobile
workforce that can work from anywhere and be embedded with stakeholders.
Observing infrastructure is also increasingly costly to support and maintain, and data volumes,
and hence costs, are increasing. How to transfer and store mass data is an emerging
challenge, and again much of this is migrating to a cloud environment which may present
opportunities for partner agencies and the academic sector to access data.
In the future we see NMHSs continuing to partner with third parties to enhance network
coverage with new infrastructure such as drones or other platforms filling the gap between the
surface and satellite-based observations. Emerging autonomous technologies will replace the
vast array of manual systems still in operation. As use of mass low-grade sensors becomes
more common, QC will be required; this will likely challenge the traditional notion of a WMOgrade network.
Overall, we see a gradual shift of infrastructure and observations out of the hands of the
NMHSs.

Q8.
As mentioned above, MetService is set up as a company under a State Owned Enterprise
model and is expected to operate as successfully as a private company would. As such, a
large portion of our engagement is commercial in nature in both the public and private sector.
Outside of commercial arrangements, MetService is also engaged in a number of crossagency working and advisory groups – especially in support of the emergency management
sector that takes input from a number of different agencies (examples include the NZ Volcanic
Science Advisory Panel and the NZ Common Alerting Protocol Working Group). Engagement
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via cross-agency groups is critical to better understand mutual needs/benefits and to improve
service delivery.

Q9.
It has become increasingly difficult for individual NMHSs, particularly smaller ones, to remain
at the forefront across all activities, including technological and people capabilities. An
important part of resolving this issue will be cooperative arrangements between NMHSs. This
could be looked at as NMHSs working as a “team”. As an example, MetService is in the
process of engaging other NMHSs to explore opportunities of secondments in such areas as
forecast research. If done correctly, secondments and/or reciprocal placements have many
benefits to the NMHSs as well as the individuals involved.
Within the Pacific, we see collaboration/partnerships with regional entities, such as the
Secretariat of the Pacific Regional Environment Programme (SPREP), as fundamental to
supporting less developed states. Such collaboration will become an increasingly important
mechanism for the NMHS “team” to help each other. Further, we expect the ‘Weather Ready
Pacific – A Decadal Programme of Investment’ and the Systematic Observations Financing
Facility (SOFF) to be instrumental in progressing the function and stability of the Pacific’s
NMHSs, and we all need to collaborate, including securing the needed finances, to make these
initiatives happen. WMO will have a crucial role in facilitating all of this, and, in particular, on
ensuring that there is global integration across all NMHSs.
Q10. What opportunities/areas do you think NMHSs and the private-, academic-, civil-sector
partners should collaborate on in developing countries?What would be the possible
developments and cooperation models (including through PPE) that would allow NMHSs even
in the most isolated and least developed countries to find their path and improve their societal
role, visibility, and recognition, and ensure the relevance of developing countries’ NMHSs?
Could you also describe associated risks?
Cross-sector collaboration on observational networks is both an opportunity and a necessity
in developing countries. If the newly established Global Basic Observing Network (GBON) and
SOFF are to be successful we need full commitment, where such programs need to be longterm and, importantly, must have provision for dedicated opex funding. The cascading benefits
of a better observational network will be evident to all WMO Members, underpinning all the
services that the private-, academic-, and civil-sectors provide.
As we shift more to automation of observations and forecast services, smaller states may
need to link back to a bigger state for support. A good example of this, is the cascading support
model with small NMHSs/Member states receiving operational support from a regional entity
such as an RSMC. The successful Severe Weather Forecasting Programme (SWFP) being a
case in point.
A risk from more automation is that smaller NMHSs/Members may not have the capability to
receive and distribute new products; building the capability of these NMHSs/Members is likely
to remain a challenge.
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Q11.
There is a growing need to be more creative in recruitment and retention strategies, as NMHSs
compete for scarce resources in rapidly changing fields in science and technology. The COVID
pandemic has added an extra layer of complexity – effectively amplifying the problem due to
closed borders, making it difficult to recruit expertise from overseas. Our main focus, therefore,
is on retention by making our NMHS a fantastic place to work, where people are empowered
to make a difference. Delegating authority is a way of empowering down through the
organization with decentralised decision making, and for permanent staff, we offer a
Leadership Development Change Program. We are also empowering the meteorologists by
encouraging and developing communication channels with customers, primarily by creating
consultancy/embedded meteorologist roles.
Developing talent for the future requires a collaboration with academia – through joint
programmes in research, training, and curriculum development – to drive a long-term pipeline
of talent from undergrad level through to NMHS.
MetService, in partnership with Victoria University, Wellington, has offered a Master of
Meteorology degree since 2017, for meteorologists that undertake the rigorous meteorological
training required before entering operations. The programme recognises the world-class
facilities and expertise that are used to educate our new professional meteorologists. As the
volume of data increases, the quality of observations and modelling improves and as demands
increase for decision support, we will require specialists who have a broad range of skills not
only to interpret the data but also to work directly with stakeholders and communicate impacts;
the Master of Meteorology degree is the cornerstone for making that happen. Recruitment
now actively considers a broader range of skills for those embarking on a career as a
meteorologist.

Q12.
To remain relevant, competitive and fulfill our public-safety purpose, MetService must
continually evolve to become more efficient, effective and high-performing. MetService is
focused on increasing the benefits of partnerships and is collaborating widely across the public
and private sectors, as well as central and regional government. The MetService strategy for
2026 sees the Organisation as a valued partner in managing national hazards and risks and
a significant contributor for the preparation and responses to the impacts of climate change.
This approach includes a review of our location and disposition across the country.
We are running a program of work to overhaul our data architecture. This includes looking to
only own the infrastructure we need; outsourcing benefits include better security and being
flexible to upgrade more easily. As the technology landscape changes, we anticipate an
increasing need for data scientists to allow the extraction of valuable information from everincreasing data volumes, with an emphasis on applications of AI to support our role.
We are currently in an observation/forecast cycle on a fixed schedule (ie x-number of issues
per day), but over the next decade time criticality will require a continuous stream of data,
including forecasts, being made available at any time and updated in real-time. To address
the forecasting side, embedding expertise in customer or stakeholder organisations will only
become more important as it has a significant positive impact for decision makers.
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Arlene Laing
Permanent Representative of British Caribbean Territories with WMO; Coordinating Director,
Caribbean Meteorological Organization (CMO)

Q1.
Among the British Caribbean Territories (BCT), only the Cayman Islands has a National
Meteorological Service that provides forecasts and warnings. Therefore, most responses will
relate to the Cayman Islands National Weather Service. It is also the only BCT that has
legislation for its National Weather Service. The Cayman Islands National Weather Service’s
(CINWS) mission is to provide to its stakeholders the functions outlined in The National
Weather Service Law, 2010 via a four-fold mission: • Monitoring • Research • Service • Data
Provision The other BCT (Anguilla, British Virgin Islands, Montserrat, and Turks and Caicos
Islands) have aeronautical offices only, which support airports and seaports. They do not have
legislation that defines their roles and responsibilities. They receive forecast and warnings
from neighbouring Member State by arrangement through the Caribbean Meteorological
Organization (CMO) and WMO RA IV Hurricane Committee. Since June 2021,the Englishspeaking Caribbean Community (CARICOM) has had Model Meteorological Legislation and
Policy, which can be adapted to their national circumstances. The model legislation was
developed by the CMO through an Implementing Arrangement with the WMO and includes
clauses that define the role of the National Meteorological Services and options for different
legal frameworks.

Q2.
The mandate of Cayman Island NWS is evolving to include more maritime responsibilities in
recent years. As the value of weather services becomes more apparent, there are expanding
needs in agriculture, tourism, etc. The current legislation has ensured the CINWS has the
authority for meteorological/hydrological warnings and is compliant with international
obligations, such as those for the safety of the aviation and maritime sectors. With the
changing demands for services, there is a need for updating of the existing legislation, the
Cayman Islands National Weather Service Act of 2010. The Model Meteorological Legislation
for the English-Speaking CARICOM, developed through the CMO-WMO Implementing
Arrangement, notes that “Subject to any arrangements made to the contrary, the
[Agency][Department/Division] shall have the sole authority to issue severe weather-related
warnings for [country].” Therefore, if the model legislation is adopted as is, the NMHS will have
the sole authority to issue warnings. The model legislation also includes clauses on the
regulation of private providers of meteorological services, including registration and permitting.
For Anguilla, the National Strategic Plan and Framework for Weather, Water and Climate
Service (2021-2025), for the Clayton J. Lloyd Meteorological Unit (CJLMU) of the Anguilla Air
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and Sea Ports Authority includes the development of national meteorological legislation as
one of its goals. The Strategic Plan was also developed through the CMO-WMO Implementing
Arrangement.

Q3.
The data policy in the BCT are in line with WMO guidelines. Core data are freely exchanged,
with possibility for charged services for more advance or processed data.

Q4.
For much of the history of Caribbean meteorology, the focus has been on scientific and
technical training for delivery of services. Staff have moved up through the ranks while mainly
enhancing those capabilities, with formal management qualifications being desired but not
always required. However, with the socio-economic challenges and competing national
priorities, directors need to be better equipped as managers, leaders, and strategic planners
to ensure that the NMHS has the resources to deliver the required services. In order for
Directors to be more effective in the changing landscape, they need to have management and
leadership training. They also to be involved in developing national policy that is related to
weather, water, and climate and not only be providers of information. Thus, the Director must
be able to provide regular duties and find time to critically think about the future state of the
weather service. Moreover, local weather services are now being asked to be a local voice of
expertise in matters such as climate change. Within the Caribbean, there has been a
recognition that support from other public sector agencies, academia, and the private sector
is available and partnerships are being developed to meet specific needs, e.g., climate
change, climate resilience, and disaster risk reduction. For example, the Cayman Islands
National Weather Service has special working relationships with several stakeholders such as
the Royal Cayman Islands Police Service (RCIPS), CI Coast Guard (CICG) and Hazard
Management Cayman Islands (HMCI).

Q5.
The Cayman Island NWS continues to move towards a 24-hr daily service to support aviation
services, from its current 17-hour daily service. Concurrently, sectors such as maritime
services and climate services have expanding needs. Staffing limitations of the past are
expected to be alleviated with the transition to a more receptive Government support, as the
weather service gains national significance. Since the change of government in 2021, the
NWS is now under a new Ministry of Sustainability and Climate Resiliency, which is headed
by the Premier. This new governance structure presents an opportunity to enhance the value
of the National Weather Service, which is developing its capacity for delivering services to
weather and climate-sensitive sectors.
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Q6.
The model for the Cayman Islands National Weather Service is a nationally-funded
organization that provides free services to its stakeholders. There is embedded within the
model, the ability for the National Weather Service to make a small amount of money for
specialized projects. However, those funds do not go to the National Weather Service but is a
part of government earnings. The National Weather Service is the authorized entity for
providing “a range of weather information, forecast and warning services to the community at
large through the media so as to improve the economy and quality of life as well as for
protection of life and property.”

Q7.
As the value of weather service becomes more realized, the support from the local government
becomes stronger. In small countries there is some limited work with private sector companies
as most do not have the capability to provide meteorological services but they are interested
in using data and information from NMHSs to make better decisions. The media is one of the
private sector entities that is a major player in the weather enterprise, a primary means of
communicating weather, climate, and water related information to the public. The first
Caribbean Symposium on operational hydrometeorology held in November 2019, brought
Directors together with the private sector, academia, and other public sector agencies. NMHS
directors articulated the challenges of maintaining observation networks, especially in the face
of extreme weather events, such as major hurricanes in 2017, 2019, and2020. Among the
recommendations discussed was the fostering of partnerships with the insurance sector (to
cover the replacement of equipment). There was discussion of supplementing the robust
observation structures, which are expected to be configured to withstand extreme weather,
with more easily replaced low-cost instruments that may not meet the strict guidelines of WMO
but could still provide useful information. Directors in CMO Member States have articulated
the desire for more marine observation stations, especially in the tropical Atlantic during
hurricane season. These are expensive equipment to acquire and maintain, so there is hope
that through GBON and SOFF, there will be opportunities for the expansion of marine
observations, which will also have the benefit of supporting the UN Decade for Ocean Science
for sustainable development. Cayman Islands is expecting to augment its automatic weather
observation network as well as deploy a number of buoys.

Q8.
In the Cayman Islands, engagement with other agencies is on an as-needed basis, although
there have been stakeholders’ meetings and collaboration on some projects. Also note that
some National Weather Service projects also take into consideration other stakeholders
needs. For instance, the Cayman Islands National Weather Service has special working
relationships with several stakeholders such as the Royal Cayman Islands Police Service
(RCIPS), CI Coast Guard (CICG) and Hazard Management Cayman Islands (HMCI). The
National Weather Service also supports the tsunami early warning system; however, the
monitoring equipment is not under their control. The regional academic sector has been
engaging more with the NMHSs, especially with regard to climate studies. The University of
the West Indies, Climate Studies Group at Mona (CSGM), has developed partnerships with
meteorological services across the region. For example, the CGSM has collaborated with
NMHSs on the state of the Caribbean climate and taken daily station datasets and hosted data
workshops where they examined the trends in the climate. The national meteorological service
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collaborators have been co-authors on the published studies. Recently, the CIMH, the
technical organ of the Caribbean Meteorological Organization (CMO), has collaborated with
national meteorological services on a study of record-breaking heat in the Caribbean during
2020.

Q9.
Such collaborations should be in areas of research and specialized projects that, while directly
benefitting the stakeholders, may also benefit the National Meteorological Service. The big
risk in such projects is that the contribution of the National Weather Service to the project gets
lost, which could be due to bad media management. The multiple hazards experienced by the
Caribbean require a multi-sector, multi-disciplinary response, with hydrometeorological
hazards compounding the impacts of geo-hazards like volcanic eruptions and earthquakes,
as was evident during 2021. Partners in DRR have been engaged with the private sector, e.g.,
through the ARISE private sector alliance developed by the UNDRR, and NMHSs can learn
from those experience. Additionally, businesses are increasing interested in information from
NMHSs that will help them to manage risk due to extreme rainfall, strong winds, high
temperatures, rough seas, and poor air quality.

Q10.
Such collaborations should be in areas of research and specialized projects that, while directly
benefitting the stakeholders, may also benefit the National Meteorological Service. The big
risk in such projects is that the contribution of the National Weather Service to the project gets
lost, which could be due to bad media management. The multiple hazards experienced by the
Caribbean require a multi-sector, multi-disciplinary response, with hydrometeorological
hazards compounding the impacts of geo-hazards like volcanic eruptions and earthquakes,
as was evident during 2021. Partners in DRR have been engaged with the private sector, e.g.,
through the ARISE private sector alliance developed by the UNDRR, and NMHSs can learn
from those experience. Additionally, businesses are increasing interested in information from
NMHSs that will help them to manage risk due to extreme rainfall, strong winds, high
temperatures, rough seas, and poor air quality.

Q11.
Talented and qualified staff must be trusted to lead and develop projects. Moreover, National
Weather Service management must ensure that National Weather Service staff are participate
in these projects so that they may gain exposure to new training and have the ability to display
and utilize their talents. The capacity development has been primarily through the CIMH, which
is the training organ of the CMO and the WMO RTC; WMO fellowships; the hurricane training
workshops hosted by the NHC; and other training organized by the CMO and WMO Regional
Office. In January to February 2020, the EUREC4A international field study was held in the
Caribbean. A few forecasters from the Caribbean NMHS contributed to the field research and
many others participated in a forecast testbed by providing briefings to support research
operations. This type of knowledge-exchange with researchers was mutually beneficial.
However, the success of the collaborations during the field study has not been replicated in
the data analysis phase, as shortage of staff leaves little or no time for forecasters to pursue
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research collaborations. Discussions have surrounded potential secondment to support
NMHSs. Regionally, the CCRIF (Caribbean Catastrophic Risk Insurance Facility) has
supported internships for two months, one method by which NMHSs conduct research projects
and recruit persons into the meteorological service.

Q12.
The vision for the future is for the National Weather Service to become more widely recognized
and utilized within its country; as it is understood that its services are critical to the economy,
national security, and general well-being of the people.

76 | P a g e

Albert A.E. Martis
Permanent Representative of Curaçao and Sint Maarten with WMO; Director, Meteorological
Department Curaçao; Second Vice-President of WMO

Q1.
There is a law (principal act) that includes the areas of Meteorology, Climatology and
Geophysics. In this law the position of the NMS is defined within the government (directly
under the Minister of Traffic, Transport and Urban Planning). First of all, the responsibilities
and duties described in this law are in line with the conventions of the WMO, ICAO, IOC and
IMO. In the first chapter the duties of the NMS are defined. Regarding the service to aviation
there is an article about the Meteorological Department being the Meteorological Authority
(ICAO) and the possibility to develop a decree that includes the specifics for services to the
aviation sector and the related costs. In a separate article the director is nominated as the PR
of the country with WMO. There is also a chapter for service delivery to third parties to cover
a contract with the private sector and/or research in collaboration with research institutions.
Finally, the NMS has the ability to advise the government about policy issues regarding
meteorology, climatology and geophysics both at national and international level.

Q2.
In 2002 the Minister requested the Meteorological Department to set up a working group
consisting of the legal department, NMS and a legal consultant to renew the act of 1950. Since
2003 the MDC is the Met Authority (WMO and ICAO) for the whole value chain: observation,
climatology, forecasting, official warnings, dissemination. The official warnings can be
redistributed by other parties, but these must indicate the source. The warnings are issued for
extreme hydro-meteorological events, tsunamis and earthquakes.

Q3.
The NMS is the official data center for meteorology, climatology, and other geophysical
aspects. The data can be search with other parties. In this case the government will indicate
the exchange conditions.
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Q4.
Extreme events affect almost every sector in a country. As a Met Director one needs to
develop a network of all the relevant stakeholders at national level in order to explain and to
clarify the added value when meteorology is included in the deliberations. In the long run this
will enhance the engagement with all the stakeholders, hence propelling sustainable
development in the country.

Q5.
During the last years we have developed several new products for our clients. The products
of all of our meteorological stations and/of the weather radar are available online in real time.
By using the social media platforms, we were capable to go live from our TV studio. Besides
that, we have developed a weather application that won the WMO Honourable Mention 2020.
With the emerging new technologies, we expect that forecasting will be fully automated by
integrating the data from observation stations, numerical models, weather radar and weather
satellites in one forecast engine (data2text2voice system of systems). On the other hand, the
generated warning bulletins will need only the approval of the forecaster on duty to be
disseminated. In this regard, the forecaster will have more time to monitor extreme weather
events, focus on the impacts and give more briefings and consultations to the stakeholders.
Since the NMS does not have sufficient capability or capacity to develop this new business
model, collaboration with the private sector will be crucial.

Q6.
(i) The Meteorological Department is the service provider for meteorology, climatology, and
sea state. The Department of Hydrology is the service provider for hydrology. There are
several private individuals that provide forecasts for the country on social media. They do not
have a license.
(ii) The NMS is funded by the Government and the national Department of Finance will receive
the recovered costs.
(iii) Since the mandate of the NMS is very well described by the principal law, it makes it very
straight forward to develop the organization.

Q7.
The future development of the basic infrastructure will make use of the technological advances
of SMART computing. We can see that several human tasks will be automated for the stations,
e.g., monitoring the quality and early warnings for malfunction of sensors will be done
remotely. After automated quality control, the data and related products will be put available
to the public and stakeholders on the different platforms. The private sector and the
universities will be able to mount their own stations that can be included in the national
network. In this respect, the NMS will be mandated by the Government as the regulator, in
order to guarantee the quality all, the stations and related forecasts.
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Q8.
As most of the NMSs are developing their quality management systems at national level, one
of the essential principals is to engage with the stakeholders.

Q9.
We expect that the collaboration in the region will intensify due to the local nature of hazards,
the disaster risk management, and the adaptation strategies for the region. An intensification
of collaboration between the private sector and the government will be needed to address all
those issues in effective manner. As not every NMS will be able to address all these different
aspects because of their limited human and financial capacity, exchange of technical expertise
will be essential at both regional and international level with WMO Members and the private
sector.
Q10.
In order to determine in which areas, the NMS and the other sectors need to collaborate, it is
important to work on a joint strategy (the so-called co-design process). This will include the
development of a common vision and related strategies for the society. Thereafter, extensive
deliberations should be organized about the value chains with regard to weather/climate
forecasts, MH-EWS, climate change and sustainable development. During this co-design
process the responsibilities, collaboration options and the positions of the participating sectors
will be clarified in much more detail. Consequently, this will increase the willingness to
collaborate and to enhance the visibility of both the NMS and the other stakeholders.

Q11.
We start working closely with the technical faculty of the local university; their students have
the opportunity to develop software, programs and strategies in order to make SMART
systems for the NMS.

Q12.
In order to develop a vision, we elaborated on the key drivers of the future. The key drivers
are: (1) Increasing threats of extreme weather and climate, urge action for resilience,
mitigation, and adaptation. (2) Global agenda (Agenda 2030, WMO, ICAO, UNDRR, IOC,) is
creating unprecedented demand for actionable, accessible, and authoritative science-based
information. (3) Rapid advancements in science and technology and the changing landscape
of data and service delivery urge for innovative partnerships with the private sector. If we
translate these key drivers at organizational level, it will result in the fact that all
weather/climate forests will be automatically generated and disseminated. Only the generated
warnings will be validated by a forecaster before dissemination. The forecaster will have more
time to focus on video briefings, partnership, collaboration, and engagement with stakeholders
on social media and mobile devices.
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Our vision is:
By 2030 Curaçao is better equipped with actionable and assessable authoritative information
to respond to the adverse impacts of natural hazards and to build resilience to climate change
at national and international level.
In order to reach this vision, the personnel needs to align its competencies with the new
technological advances. The technical department has to develop its competencies, in order
to shift towards the advances of the new technologies. A Quality Management System has to
be in place to guarantee customer satisfaction. As indicated in Q10 the stakeholders need to
be included in the development of this new vision and program (co-design process).
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Elena Mateescu
Permanent Representative of Romania with WMO; Director-General, National Meteorological
Administration (Meteo Romania)

Q1.
The National Meteorological Administration (NMA) of Romania functions fully complying with
the provisions of the Romanian legislation:
- Law No. 139 of 24/07/2000 regarding the meteorology activity
In Romania, according to the provision of the mentioned law, the meteorological activity
represents the ensemble of actions for a permanent surveillance and knowledge of the air
environment, using specific observations and measurements regarding the weather condition
and evolution, necessary for Romania’s socio-economic development. The meteorological
activity is of national public interest and specifically for defense and national security, which is
carried out under the conditions of this law and in accordance with the recommendations of
the World Meteorological Organization, with the agreements concluded by this organization
with other international organizations, as well as with the provisions of the international
conventions in the field to which Romania is a party.
The meteorological activities defined above have as object the meteorological protection of
life and goods and are carried out as follows:
1. At national level:
a. An unitary and qualified development of the meteorological surveillance for
informing the population and the decision-making factors, in order to prevent or
diminish the damages caused by dangerous meteorological phenomena;
b. Providing the necessary meteorological information for air, fluvial and maritime
navigation, road traffic and agriculture;
c. Meeting the research necessities for development in the field, carrying out studies
and services dedicated to civil safety, material production and national defense;
d. Establishing and managing the National Meteorological Data Fund necessary for
the meteorological substantiation of the design, execution and operation of various
economic and social objectives and for the elaboration of sustainable development
strategies.
2. At external level:
a. Integration in the international exchange of meteorological data and information,
in the World Weather Watch System, to monitor and protect the air environment;
b. Fulfillment of the obligations deriving from the conventions and agreements to
which the Romanian state is a party.
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National Meteorological Administration carries on activities of public interest, providing free of
charge, on the basis of convention/agreement, specialized information, including general
forecasts or warnings, to the local and central public administration, prefect’s offices, special
commands of the Ministry of National Defense, commissions and civilian commands set up to
combat disasters, academia, public radio and television stations.
For any other category of users, the National Meteorological Administration has the right to
conclude economical or association contracts for the work or services that fall within its
competence/attributions.
- Law No. 216 No. 494 of 06/01/2004 regarding the establishment of the National
Meteorological Administration
This law regulates the establishment of the NMA, the statute, the field of competence, the
main object of activity, its rights and obligations, etc.
The National Meteorological Administration is the Romanian national authority of public
interest in the field of meteorology and operates on the basis of economic management and
financial autonomy.
NMA functions under the authority of the Ministry of Environment, Waters and Forests and its
main purpose is to protect life and property.
The National Meteorological Administration performs meteorological operative services and
current climatology activities, studies and researches in its field of competence including
knowledge, monitoring and anticipation of atmospheric processes and associated
phenomena.
The main object of activity of the National Meteorological Administration is the meteorological
and climatological activity required by the socio-economic development of Romania and
integrated in the system of conventions and international relations.
NMA performs the following activities:
- performs observations and measurements regarding the state and evolution of the weather;
- ensures and controls the internal circulation of meteorological data and information;
- elaborates measuring and data processing methodologies and carries out meteorological
products;
- elaborates diagnoses, forecasts and meteorological warnings;
- participates in connected activities to prevent meteorological risks;
- establishes, systematically updates and manages the National Meteorological Data Fund;
- conducts studies and research activities;
- elaborates studies and scenarios of climate evolution;
- develops its own capacity to respond to user’s demands and requirements;
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- elaborates climatological components for environmental impacts and balance studies;
- organizes and coordinates the national training an capacity building system in the field of
meteorology, climatology and atmospheric physics;
- participates in international programs/activities, according to its field of competence;
- represents Romania with the World Meteorological Organization.

Q2.
In Romania, the meteorological activity is of national public interest and specifically for defense
and national security. According to the provisions of Law No. 139 of 24/07/2000, the National
Meteorological Administration is the Romanian national authority in the field of meteorology.
The National Meteorological Administration is the authoritative voice for issuing meteorological
forecasts and warnings on the Romanian territory.
The Romanian Air Traffic Services Administration (ROMATSA) is the national authority in the
field of aeronautical meteorology, through its specialized units authorized by the state authority
of civil aviation.
The aeronautical meteorology activity represents the ensemble of activities destined to the
permanent surveillance and knowledge of the evolution of the meteorological conditions,
necessary for the provision of information and meteorological protection for the air navigation,
as an integral part of the air navigation services.
The activity of aeronautical meteorology is carried out in accordance with the standards,
practices and recommendations of the World Meteorological Organization and the
International Civil Aviation Organization, as well as with the provisions of international aviation
conventions to which Romania is a party and is carried out in accordance with the specific
regulations of the state authority in the field of civil aviation.
As an example of an interaction with the Government, consequent to the EMERGENCY
ORDINANCE no. 72 of October 5th, 2017, the Ministry of Internal Affairs through its
Department for Emergency Situations (DES) and General Inspectorate for Emergency
Situations (GIES), with the Special Telecommunications Service technical support,
implemented the RO-ALERT System, in order to send emergency alerts to population by
means of infrastructures owned by the mobile communication operators in Romania, as well
as other means of sending alerts to citizens (radio, television etc.).
Acting as responsible authorities, GIES and DES use RO-ALERT solely to compose and
send Cell Broadcast messages in order to warn and alert population in accordance with legal
provisions and they hold full responsibility for sending such alerts.
RO-ALERT system allows sending Cell Broadcast messages to warn and alert citizens in case
of emergency, according to the legal provisions. RO-ALERT System is used in those major
situations, in which citizens’ lives and health condition are endangered, such as extreme
weather conditions, threatening floods, terrorist attacks and other situations that severely
threaten communities.
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In order to transmit RO-ALERT messages, the General Inspectorate for Emergency Situations
receives information from public authorities and institutions that monitor types of risk. Thus,
the National Meteorological Administration is responsible with the provision of information
(warnings) in case of imminent occurrence of severe meteorological phenomena.

Q3.
National Meteorological Administration carries on activities of public interest, providing free of
charge, on the basis of convention/agreement, specialized information, including general
forecasts or warnings, to the local and central public administration, prefect’s offices, special
commands of the Ministry of National Defense, commissions and civilian commands set up to
combat disasters, academia, public radio and television stations. Public radio and television
stations are obliged to inform the public about general forecasts and warnings concerning
dangerous meteorological phenomena, provided by the National Meteorological
Administration.
For any other categories of users, whose demands require special processing, the National
Meteorological Administration is entitled to conclude contracts for the execution of the services
that are part of its attributions.
The engagement in projects, studies and internal or international activities for which
meteorological data and information are necessary may be made only by natural or legal
persons according to the legal provisions.
WMO’s current data policies are laid out in three separate Congress resolutions - Resolution
40 (Congress-XII, 1995, covering weather) and two subsequent resolutions (Resolution 25
(Cg-XIII) and Resolution 60 (Cg-17)) covering water and climate. We acknowledge the new
WMO Unified Data Policy resolution which covers seven domains and disciplines such as:
weather, climate, water, atmospheric composition, oceans, cryosphere and space weather (all
WMO-relevant Earth system data) in a single policy statement.
We are fully aware that in the future, increasing the volume of observations that are shared
internationally for use in global and regional Numerical Weather Prediction (NWP) models will
help significantly improve the quality of these data products. This policy will also provide
Member States with better access to these data products and will consequently improve
weather forecasts.
In addition, the data policy resolution will allow diversification from addressing just national
meteorological and hydrological services to endorsing relevant data exchange and
collaboration among all partners, including agencies beyond meteorological and hydrological
services, such as the private sector and the academia.

Q4.
In Romania, the Director General of the National Meteorological Administration is the
Permanent Representative of Romania with WMO. The Permanent Representative is the
normal channel of communications between the Organization and Romania and maintains
contact with the competent authorities, governmental or non-governmental on matters
concerning the work of the Organization.
84 | P a g e

Romania designated its Hydrological Adviser who is a Director of the National Institute of
Hydrology and Water Management. The Hydrological Adviser advises the Permanent
Representative with respect to operational hydrology and its application to water
management.
It is in the mission of the Permanent Representatives to keep abreast of major issues of
concern to the Organization, make maximum use of WMO Programmes and
initiatives/activities, and comply with WMO rules and procedures for the development of
his/her respective NMHSs, as well as other national institutions dealing with meteorology,
operational hydrology and related disciplines.
The Permanent Representative establishes and participates actively in national bodies in
fields of activity which require meteorological (weather and climate), hydrological or related
information. Those bodies include national committees or panels with other institutions, nongovernmental organizations or universities dealing with topics such as: (a) Climate services
including climate change and variability; (b) National emergency preparedness and disaster
mitigation; (c) Agricultural meteorological services; (d) Natural resources; (e) Water resources;
(f) Environmental monitoring and protection; (g) Land transportation; (h) Civil aviation; (i)
Marine meteorological services; (j) Energy sector development; (k) Science and research; (l)
Human resources development; (m) Planning, budgeting and management of financial
resources.
The Permanent Representative, as Director General of the National Meteorological
Administration will helps with many of the challenges that directors and managers of NMHSs
face, including:
– Ensuring that the NMHS is able to meet national needs for meteorological, hydrological
and related data and services;
– Responding to newly identified challenges in a rapidly changing world;
– Clarifying and articulating the mandate of the NMHS;
– Formulating and implementing effective strategic plans;
– Developing strong arguments to obtain sufficient financial, technical and human resources
to carry out its mandate;
– Recruiting, retaining, motivating and establishing reward systems for staff;
– Maintaining networks, equipment and other supporting infrastructure;
– Providing quality services to meet varied end-user needs;
– Building sustainable capacity;
– Managing development projects;
– Keeping abreast of relevant developments in science and technology;
– Recognizing and having the ability to meet international obligations, agreed development
goals and other international initiatives.
The Director General represents Romania to different European/international organizations
such as: EUMETSAT, ECMWF, EUMETNET, ECOMET, as well as to NWP Consortia).
In the future, the PRs should be able to cope with the ongoing enhancing challenges in
science, technology, and societal environment, within their areas of competence, and in their
collaboration with the governments/governmental agencies and users. The PRs must be
prepared to meet the growing needs of the society and be the permanent contributors and
supportive element in drawing the adaptation planning and climate risk management. They
will need to provide key elements both for the experts working within NMHSs and for decisionmakers, thus enabling them to envisage directions towards the future development of the
NMHSs.
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Q5.

In the near future, the new emerging
technologies will impact and change
the meteorological services around
the world and business models, at an
unprecedented scale.
The change has already started,
especially in the most developed
countries which afford these computing systems and have the necessary skilled experts to
use them. Also, in the last years, private weather companies with good IT resources have
emerged with forecasts, based on artificial intelligence and machine learning.
The challenges for us will be, to keep the pace with the fast growing technology, to develop
our infrastructure and join forces to gain efficiency through resources and cost sharing, to be
able to attract talents and experts, individuals willing for self-improvement and continuous
learning.
As the climate changes and weather impact is affecting the entire planet, the call for innovation
and application of technological progress is more than necessary, for better forecasts and
improvement of public weather services.
Many opportunities and challenges lie ahead for all NMHSs around the globe.
At the same time, the progress of technology would require significant financial resources from
NMHSs and they will be forced to keep up with these new challenges.
Finally, the young scientists must be prepared to cope with the new challenges posed by
technologies, numerical modelling activities, observations and measurements in the context
of future climate changes.
Q6. [For PRs only] What is the business model of your country/territory's meteorological and
hydrological service?
Please describe the business model of your country/territory's meteorological and hydrological
service, including (i) who is/are the provider(s) of meteorological and hydrological service in
your country/territory, including whether entities other than your NMHS can provide
data/products/forecast/information to the public, under license or not, (ii) your NMHS's funding
modalities (e.g., primarily/solely funded by the Government; recovered cost from users will be
put to the national treasury or NMHS; conduct of commercial services), and (iii) your business
model's advantages and its prospects for the future.
The National Meteorological Administration is the unique authority in our country, enforced by
the law, to provide meteorological data/products/forecasts/warnings and related services to
the general public as well as to the public/private sector, academia and mass-media.
The activity of NMA is financed as follows:
- aprox. 80% from the state budget, through the budget of Ministry of Environment, Waters
and Forests for meteorological activity, fundamental research in the field, systematic and
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complete monitoring of the state and evolution of the weather, international exchange of data
and integration into the World Weather Watch System, within the limits of the amounts
allocated annually for this purpose.
- aprox. 20% from the tariffs collected for the provision of specific services in the field of
meteorology and other specific services provided according to its object of activity, on the
basis to the economic contracts concluded with third party users;
- from other sources, according to the law;
- in terms of financing the investments and upgrading program of the National Meteorological
Administration, the necessary amounts are ensured from own sources, bank loans and, in
addition, from the state budget, through the budget of the Ministry of Environment, Waters and
Forests.
- additionally, according to the provisions of art. 16 of Law no. 213/1998 on public property
and its legal regime, with subsequent amendments, the revenues obtained from the lease
under the law of some of the goods belonging to the public domain of the state, under
administration, will be used in proportion of 50% by the National Meteorological Administration
to supplement the funds necessary for the maintenance and repair of these goods.

Q7.
At present, the National Meteorological Administration co-ordinates the activity of the National
Meteorological Observations Network within seven Regional Meteorological Centres. In 2020,
a number of 166 meteorological stations were operational, all of them being automatic weather
stations. These include 68 stations with an agrometeorological program and 11 mountain
stations providing snow and avalanche reports.
On the other hand, there are a lot of ongoing activities within the National Meteorological
Administration of Romania related to the WMO strategic goals. Thus, our institution continued
the process of modernizing its meteorological infrastructure within the project entitled
"Development of the national system for monitoring and warning of dangerous meteorological
phenomena for ensuring the protection of life and property". The project was financed through
the “Cohesion Fund through the Large Infrastructure Operational Program (LIOP 2014-2020).
A large part of the project objectives were implemented:
•
•
•

Upgrading of the radar network (three S-band radars) and modernizing of the
specialized applications, including data processing servers;
Upgrading of 45 automatic weather stations;
Modernizing of the data assimilation system and of the operational applications for the
short and very short-term weather forecasting (nowcasting).

Another 2 objectives are under implementation:
•
•

Upgrading of the telecommunication system and visualization of weather forecasting
products and warnings in case of dangerous weather phenomena;
Modernizing of the Climate Data Management System (CDMS).

In addition, a technical assistance project is worth mentioning. This project is dedicated to the
Preparation of the Financing Application and Awarding Documentation for the future
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INFRAMETEO Project (“Modernization of the infrastructure for monitoring and warning
for severe hydro-meteorological phenomena in order to ensure the protection of life
and property”).
The general objectives of the INFRAMETEO project are the following:
•
•
•
•
•
•
•

Acquisition of 7 S-band dual-polarimetric Doppler meteorological radars;
Modernizing of the lightning detection network;
Modernizing of the communications infrastructure and improving of the National
Meteorological Administration's IT system performance;
Extending modernization of the national automatic weather stations network (80
AWSs);
Hot-standby system for receiving, processing, visualizing, archiving and disseminating
data from meteorological and atmospheric surveillance satellites;
System for receiving, processing, archiving and disseminating data from the
Copernicus Sentinel-1, Sentinel-2, and Sentinel-3 satellites able to monitor the areas
affected by disasters or crisis situations on the national territory;
Setting up of the Regional Agrometeorological Centre for WMO Regional Association
VI (Europe). This Centre will be meant to strengthen the cooperation among the
national weather services and to improve the professional skills of the experts in the
domain of agrometeorology. The main objectives to be fulfilled within the Centre are
the development of agrometeorological measurements and observations programs,
the implementation of pilot research projects and the professional training of the
specialists in the field of agrometeorology in the European countries.

During the year 2020 as well, experts from the National Meteorological Administration were
involved in the implementation of research projects funded by national and international
bodies, such as the Executive Unit for Financing Higher Education, Research, Development
and Innovation (UEFISCDI), ERA-NET Consortium “European Research Area for Climate
Services" (ERA4CS), ECMWF Copernicus Procurement or European Space Agency.

Q8.
The National Meteorological Administration provides scientific information based on more than
100 years of research. This long-lasting tradition and experience in the research field is the
foundation for future capabilities to explore patterns and examples of good practices and
provides a significant insight into the domain of meteorology as a science. With such a solid
base, NMA provides data and information which can be used in any economic sector, mostly
in agriculture, water resources, construction, energy, transport, public health, as well as in civil
protection and national security, on a contract base.
Regarding private beneficiaries, we plan future cooperation especially with companies from
the energy and agriculture sector. NMA is working closely with agricultural associations with
the purpose of exchanging valuable information and expertize. As an example, NMA provides
specialized information and know-how to companies in the agricultural field on the way in
which they can adapt technology and the crop calendar to the in-soil water resources. Our
experts in agrometeorology are already using modern technologies based on remote sensing
and GSI information and are currently developing a mobile application dedicated to farmers
or agricultural associations. This is a good example of a win-win cooperation between our
Meteorological Service and the private sector.
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The relation with the academia sector is maintained through collaboration agreements, which
are concluded in accordance with Law no. 139/2000 on meteorological activity, republished
with subsequent amendments, Law no. 216/2004 on the establishment of the National
Meteorological Administration, with subsequent amendments, Government Decision no.
1405/2004 on the approval of the regulation on the organizing and functioning of the National
Meteorological Administration, with subsequent amendments and Order no. 2947/2013 for the
approval of the Regulation for the Administration of the National Meteorological Data Fund.
The object of these collaboration agreements is the development of actions and events, with
a role in generating knowledge and developing transversal and entrepreneurial skills, in order
to carry out activities of mutual interest. The purpose of the collaboration agreements is to
develop adequate processes in the university and business environment, in order to ensure a
better insertion of students and graduates on the labor market, by developing knowledge and
promoting examples of good practice.
Within this kind of agreements, there are targeted purposes such as:
- planning, organizing and coordinating, in partnership, events on topics and areas of common
interest, including competitions for students / graduates;
- involvement in partnership, in research and development projects and programs in the
identified areas of common interest;
- creating and jointly running programs to support the insertion of students/graduates in the
labor market and increasing the employment potential in the labor market in general and in
the studied/ graduated field, in particular;
- Attracting students in activities generating knowledge and transversal skills (soft skills);
- Ensuring mutual support for the development of infrastructure elements necessary for the
implementation of projects carried out by the two parties, within the limits of legal provisions;
- Providing/exchanging data and information necessary to carry out successfully the specific
activities of the two parties, within the limits of compliance with legal provisions.
The specific activities carried out under this collaboration agreement are:
- Collaboration for the development of training courses for students and graduates, within the
limits of the organizational potential of the parties;
- Organizing information campaigns on the provision of internships for students and graduates
of higher education;
- Conducting in partnership, job fairs for students and graduates;
- Carrying out guidance and counseling activities for students, with an emphasis on awareness
of labor market requirements and career opportunities in the field of meteorology;
- Development of programs and projects that allow the development of transversal and
entrepreneurial skills, necessary for the integration on the labor market in the field of
meteorology and connected sciences.
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Last but not least, NMA has agreements with private media entities such radio and television
stations, printed and online publications. Through them our weather forecasts and warnings
reach the public rapidly and efficiently.

Q9.
Romania through the National Meteorological Administration is actively involved in the
initiatives/activities of European/regional and international organizations:
•

•
•
•
•
•
•
•

Member to the World Meteorological Organization (WMO), participating in its
programs/projects: World Weather Watch (WWW), Voluntary Cooperation Program
(VCP), Intergovernmental Panel on Climate Change (IPCC) and being involved in the
work of its Technical Commissions. Thus, dr. Elena Mateescu, Director General of
NMA and PR of Romania with WMO is an Acting Member of the Executive Council of
WMO, Co-chair of the Standing Committee on Services for Agriculture within the WMO
Technical Commission for Weather, Climate, Water and Related Environmental
Services and Applications (SERCOM), member of the SERCOM Management Group,
Member of the RA VI High-level Task Team on the Regional Concept (to guide the
reform of approaches to Regional Association business).
Cooperating Member of European Center for Medium Term Forecasts (ECMWF);
Member of European Organization for the Exploitation of Meteorological Satellites
(EUMETSAT);
Cooperating Member of European Meteorological Services Network (EUMETNET);
European Consortia for the development of numerical weather forecasting models:
RC-LACE, ACCORD and COSMO;
European Severe Storms Laboratory (ESSL), European Association of Remote
Sensing Laboratories (EARSeL);
European Meteorological Society (EMS);
Economic Interest Group of the National Meteorological Services (ECOMET).

Romania strongly endorses the WMO Reform and the general rationales for achieving a
comprehensive version of the WMO Regional Concept which can be seen as a "back to
basics" approach to ensure the identification and implementation of WMO Members' priorities.
The role and functions of the Regional Associations as presented in the WMO Convention
should be reinforced and emphasized. It is worth pointing out the need to reorient the Regional
Associations towards their basic mandate provided in the Convention and in the General
Regulations and to address the challenging matters and the further development of WMO
High Priority Areas. It is important to clearly highlight how these core roles and functions will
be performed by the Presidents of Regional Associations and their Members, with the full
support of the WMO Secretariat.
In achieving this purpose, the Members should bear in mind the characteristics of the region,
including diversity and capacity among the Member States (e.g. level of development,
membership to different technical and political organizations, policy relevant issues such as:
data policy, relation to the private sector, cooperation and collaboration with academic
institutions, roles and responsibilities of organisation in the field of meteorology, climate and
hydrology etc.),
A new regional working sub-structure, harmonized to the degree possible with the WMO
Technical Commissions working bodies, taking into account the different priorities among the
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Members, including the need to better connect sub-regional groupings in RA VI with the key
focus on key thematic areas:
•
•
•
•
•
•

Global Multi-Hazard Alert System (GMAS), including Multi-Hazard Early Warning
Systems (MHEWS);
Climate Services and Regional Climate Statement;
Collaboration between Western and Eastern Members;
Public Private Engagement;
Data Exchange and Data Policy;
Development of Regional Action Plan for hydrology to support achievement of 8 long
term ambitions at RA VI by integration of Hydrological and Other Related
Environmental Services.

The National Meteorological Administration salutes the initiative of a Public-Private
Engagement (PPE) and to the elaboration of precise Guidelines for Public-Private
Engagement in planning relevant regional activities, in particular those for raising mutual
awareness and building trust between the sectors, and making use of the potential of the
public-private engagement in bridging the capacity gap. This could be an excellent opportunity
to establish cooperation, collaboration and partnership at national level across public, private,
academic and civil society sectors that pursue the common goals for public good, and to
consider appropriate mechanism for engagement with the above sectors when designing and
implementing existing and future projects and initiatives in RA VI. Good examples of national
practices cooperation and collaboration with the private and academic sectors could be shared
among Members. Discussions on region-specific issues, opportunities and initiatives for
leveraging between sectors that enhance the socio-economic benefits will be welcome
On the occasion of the Cg-18, it was presented and well received the initiative of establishing
a Regional Agrometeorological Centre for RAVI (Europe) in Romania, which is more than
necessary in these times, when we have seen that besides the climate change threat, the
entire world has been forced to confront a global pandemic, which has impacted all the
economies and industries, including agriculture and food supply chains.
The main purpose of the evolving Regional Agrometeorological Centre will be to determine
the impact of weather and climate on current and future agricultural systems and to assess
what needs to be done in order to provide long-term sustainability of the agricultural system
within WMO RA VI (Europe), in the context in which, the variability and climate change become
more and more evident and we need to built more resilient food value chains, to ensure the
availability of safe and nutritious food.

Q10.
In the long history of the science of meteorology, it has been clearly highlighted the crucial
importance of the mission of the NMHSs in understanding, monitoring, and predicting weather
and climate, and in providing related information, forecasts, warnings and services that meet
national, regional and global needs. The evolution of meteorology from now more than a
discipline of science to a wider capacity, including warning and service delivery to weather
and climate-sensitive sectors, conducted to the agreed concept of Value Chain, ranging from
observation and infrastructure to warning and service delivery, and ultimately value creation
for countries and the world.
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In many countries, due to the limited resources, NMHS cannot encompass the whole Value
Chain with the same level of energy and efficiency, although the societal expectations are
growing. Hence the idea of addressing the Value Chain challenge as an invitation to other
sectors (private and academic) to explore ways to team up with public sector to maximize
value creation locally. Societies need to promoting sustainability of their infrastructure by
exploring opportunities for multi-sector engagements that enhance efficiency and better
serving society.
At the time of raised awareness of climate change impacts, the socio-economic value of
meteorological, hydrological and related environmental information is widely spread, and it is
high time governments support the infrastructure modernization projects more and more, both
through national and development partners funding. Once such projects are completed,
NMHSs should not be left on their own with modern technology and new concepts.
Sustainability of major modernization initiatives depends on the ability to maintain all project
deliverables (infrastructure, observation network, information system, production capacity) in
the long run. The private partners will help for a given period of time to maintain the
infrastructure, administrate the IT systems, and help carry out new products for sectoral
beneficiaries, while the NMHSs will focus on their paramount mission of protecting life and
property. Still, the Members will keep their rights in deciding how weather, climate and water
services are organized and provided.
At the same time, training programs play a crucial role to ensure project ownership and to
enhance the capacity and skills of the staff.
Following this pattern, WMO joined efforts with EUMETSAT, IPMA and ICPAC with the
support of the National Meteorological Administration, to organize a Virtual Training Course
on use “Vegetation indexes, crop phenology and remote sensing tools for agrometeorological
monitoring of cereals crops, forest fire risks and pastures for farmers and pastoralists in Malawi
and Tanzania (Eastern Africa), in 4-day remote sessions, from 6 to 9 September 2021,
coordinated from Bucharest (Romania) with the support of EUMETSAT and WMO.
It is obvious that a better engagement with the UN system, Regional Economic Commissions,
and Regional Organizations, a strengthened capacity of the WMO Regional Offices to
coordinate regional partnerships and activities, a strengthened engagement of the private
sector and academia and a more effective support and capacity development of WMO
Members will ensure the success and the fulfilment of the common goals.

Q11.
At regional level, within the Agrometeorological Centre for RAVI (Europe) in Romania, the
activities of training and continuous capacity building of specialists in the field of
agrometeorology and related sciences, as well as of young researchers will be ensured.
Young students and graduates will be attracted to work within the field of agrometeorology. A
mixture of their talent and the knowledge acquired will allow them to cope with challenges
posed by the ever changing and advancing technologies.
At the level of the National Meteorological Administration, there is the National Meteorological
School which already hosts training sessions for Romanian and foreign students and experts.
We need to develop our personnel expertise, because great infrastructure calls for trained
staff. It is also necessary to have human resources strategies in order to provide the
employees with the necessary skills and capabilities. And as technologies are continuously
evolving, it will be necessary to recruit suitable candidates with technological background and
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experience and be also capable to train our people in the development direction and flow of
our organization.

Q12.
The National Meteorological Administration of Romania fully embraces the WMO vision: “By
2030, we see a world where all nations, especially the most vulnerable, are more resilient to
the socioeconomic consequences of extreme weather, climate, water and other
environmental events; and underpin their sustainable development through the best possible
services, whether over land, at sea or in the air”.
Each NMHS will need to get familiar with the five long-term goals and associated objectives
of WMO and able to implement them nationally:
•
•
•
•

•

Better serve societal needs: Delivering, authoritative, accessible, user-oriented and fitfor-purpose information and services;
Enhance Earth system observations and predictions: Strengthening the technical
foundation for the future;
Advance targeted research: Leveraging leadership in science to improve
understanding of the Earth system for enhanced services;
Close the capacity gap on weather, climate, hydrological and related environmental
services: Enhancing service delivery capacity of developing countries to ensure
availability of essential information and services needed by governments, economic
sectors and citizens;
Strategic realignment of WMO structure and programmes for effective policy- and
decision-making and implementation.

In my personal vision, in the coming years, the National Meteorological Administration of
Romania will be a facilitator of worldwide cooperation on monitoring and predicting changes
in weather, climate and related environmental conditions through the exchange of data,
information and services, standardization, application, research and training. In this sense, the
core mission of the Romanian experts in the field of meteorology and related domains will be
to provide accurate and timely weather forecasts and warnings, to elaborate studies and
research on the mitigation of climate change effects for a better and healthier world.
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Florence Rabier and Fabio Venuti
[Florence Rabier] Director-General, European Centre for Medium-Range Weather Forecasts
(ECMWF); and
[Fabio Venuti] Head of Cabinet, Office of the Director-General, ECMWF

Q2.
ECMWF, the European Centre for Medium-Range Weather Forecasts, is an
intergovernmental organisation created by a Convention in 1975 and supported by 34 Member
and Cooperating States.
It is both a research institute and a 24/7 operational service, delivering global medium-range
numerical weather predictions and monitoring of the Earth system to its Member and
Cooperating States. The data provided by ECMWF to its members can also be used as Initial
Conditions or Lateral Boundary Conditions for NMHS’s own limited area modelling
applications and ECMWF is supporting the NMHSs which wish to take up this opportunity.
The supercomputer facility (and associated data archive) at ECMWF is one of the largest of
its type in Europe and Member States can use 25% of its capacity for their own official duty
purposes.
Other strategic activities include delivering advanced training and assisting the WMO in
implementing its programmes.
In recent years, ECMWF has established close links with the European Union, in a framework
made possible by the revised ECMWF Convention that came into force in 2010. In this context,
ECMWF is a key player in the EU Copernicus programme, delivering monitoring of the Earth
system through partnerships across Europe.
ECMWF operates two services from the EU’s Copernicus Earth observation programme, the
Copernicus Atmosphere Monitoring Service (CAMS) and the Copernicus Climate Change
Service (C3S). It also contributes to the Copernicus Emergency Management Service (CEMS)
for floods and fire early warning systems.
ECMWF’s Vision, as described in the latest Strategy document (2021-2030) is the following:
“ECMWF produces cutting-edge science and world-leading weather predictions and
monitoring of the Earth system in close collaboration with the members of the European
Meteorological Infrastructure, for a safe and prosperous society.”
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The ambition is to maximise the socio-economic benefits of initialised seamless predictions
exploiting the Earth system approach and the synergies with EU programmes, with a focus on
medium- and extended-range weather forecasts.
The mandate of ECMWF is defined in our Convention and therefore is not expected to undergo
major changes in the near future. However, within the existing mandate, one change to note
is that the role of ECMWF in the Copernicus programme will be extended to provide a CO2
anthropogenic emission Monitoring and Verification Support System to estimate CO2
emissions and support the fight against climate change. Furthermore, we expect to play a key
role in the soon to be launched EU Destination Earth initiative in partnership with ESA and
EUMETSAT by creating digital twins of the Earth.
The ECMWF strategy and plans are regularly reviewed by its governing body (the Council)
made up of representatives of Member States including Directors of NMHSs.

Q3.
Being an intergovernmental organisation, national or European data policy legislations do not
directly apply to ECMWF. Its data policy has been set up and is regularly reviewed by its
Council. The situation at present is the following.
NMHSs of ECMWF Member and Cooperating States and users authorized by them are
granted full access to ECMWF products and services. A subset of real-time products is
available with a free and open data policy, subject to the Creative Commons CC-BY-4.0
licence, including graphical products (OpenCharts) and the “ECMWF Open Data (real-time)”
dataset (implemented in 2022, encompassing an enhancement of the products previously
classified as WMO Essential and WMO Additional). Other data are available via the open data
policy, but subject to handling charges. This is the case for archived data. NMHSs of
WMO members outside the ECMWF’s territory enjoy discounted fees (from 2022 reduced to
handling charges only) for accessing the full ECMWF catalogue of real-time products for noncommercial purposes. There are also special licences (free of charge) for European Union
agencies and organisations which whom ECMWF has a dedicated cooperation agreement.
Handling charges only may apply also for organisations using real-time products for research
purposes.
Commercial organisations can currently obtain a licence for access to the full catalogue of
real-time products for commercial use
Open data has been recognised by the European Union and most of ECMWF’s Member
States as one of the main tools to maximise the socio-economic benefits of investments in
data production. The Council agreed that ECMWF will move towards a free and open data
policy in phases and over a period of 5 years starting in 2020 (the approach will be reviewed
with regular assessments by Council). The end point of the current transition period will be the
establishment of a suitable package offering a selection of ECMWF outputs with a free and
open data policy.
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Q5.
While the centrality of and the many links with the Member States NMHSs have not changed
since the establishment of ECMWF, in time the interactions with the private sector have
increased substantially. Not only the delivery of products to commercial entities has multiplied
manifold, but increasingly they helped ECMWF in the evaluation of products, the monitoring
of the performance of forecasts and delivery systems and have engaged in common research
projects and collaborations to improve accessibility and usability of services based on
Copernicus data. In more recent years, they started engaging also in terms of evaluation of
the quality of their own observations.
While the wealth of data available from global modelling centres and data providers (in
particular satellite data providers) at increasingly finer resolutions has so far been managed
by scaling and optimizing traditional acquisition and delivery systems, and computers have
been steadily increasing their capacity while not evolving drastically in terms of their
architecture, it is anticipated that more fundamental paradigm shifts will be needed to continue
progress such as new HPC heterogeneous technologies and investigation of quantum
computing for producing data, cloud technology to perform processing close to the data,
federated platforms enabling access to multiple sources and enabling the transformation of
products into useful and usable real-time services, and artificial intelligence to intervene in all
stages of the forecast production and delivery chain, from the monitoring and assimilation of
observations to the provision of surrogate model components, and the optimization of data
archiving and retrieval. As an example of what can be expected in the next decade, a glimpse
to the future can be provided by the EU initiative Destination Earth (or DestinE). DestinE will
comprise three elements: a core platform, data lakes and digital twins of the Earth.
The DestinE Core Service Platform will be a user-friendly platform that provides users with
tools, applications and services, based on an open, flexible, scalable and evolvable secure
cloud-based architecture. It will federate data, cloud and HPC infrastructures and integrate an
increasing number of Digital Twins as they become gradually available. The platform will
employ novel digital technologies, such as cloud-based supercomputing and AI, for providing
extreme-scale data analytics, Earth-system monitoring, simulation and prediction capabilities
to its users. The DestinE Data Lake will fulfil the storage and access requirements for any data
that is offered to DestinE users. The data lake is built inter alia upon existing data lakes such
as Copernicus DIAS, ESA, EUMETSAT and ECMWF as well as complementary data from
diverse sources like in-situ or socio-economic data.
Digital twins will provide high resolution predictions of the Earth system. Initially two Digital
Twins will be developed. One Digital Twin on Weather-induced and Geophysical Extremes
will provide capabilities and services for the assessment and prediction of environmental
extremes at very high spatial resolution and close to real-time decision-making support at
continental, country, coastline, catchment and city scales in response to meteorological,
hydrological and air quality extremes. The system aims to combine weather, hydrology and
air-quality observation and simulation capabilities at levels that represent a real breakthrough
in terms of accuracy, local detail and access-to information speed.
One Digital Twin on Climate Change Adaptation will provide capabilities and services in
support of climate change adaptation policies and mitigation scenario testing at decadal
timescales aiming at a real breakthrough at the level of reliability at regional and national
levels. Accurate monitoring of the changes over the past decades combined with advanced
Earth-system modelling will form the basis for understanding the causes and explaining the
feedback mechanisms of change and predicting possible evolution trajectories. Artificial
Intelligence techniques will provide means to fully exploit the vast amounts of data collected
and simulated over decades and understand the complex interactions of processes between
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Earth system and human space. Initial services will be concentrating on launching the initial
production of simulations, data lake operations while also offering core platform local
capabilities for advanced data analytics, visualisation, support auxiliary data services and
initial environment for interaction with the Digital Twin. More Digital Twins will be developed
over time.
There will be other challenges for NMHSs to adapt to WIS2.0 and in general for the acquisition
and use of more in-situ observations managed by NMHS and other organisations and the use
of crowd sourced/IoT type of observations, more explicitly described later.
NMHSs and organisations will then need to adapt to be able to use such resources adequately
and collaboration with the private sector might help achieving these objectives.

Q7.
There are various challenges in terms of sustainability and development of the observational
data network necessary to NMHSs and global Numerical Earth system Weather to Climate
Prediction.
In terms of the availability/sustainability of satellite data, and with the increasing role of the
private sector in this field as well as the growing number of national government agencies
providing observations, it is necessary to ensure proper coordination of national and
international contributions to the GOS. In particular observations acquired from private data
providers will need to guarantee first and foremost the availability of data to NMHSs, and
secondly the coordination of the global observing system (GOS) as a whole so that the satellite
component of the GOS represents the optimal combination of satellites for the NMHSs’
needs.
As far as the in-situ observations are concerned, the well-known challenges of setting up and
maintaining weather stations in developing countries can only be overcome by sustained
funding. In that sense, the current WMO SOFF initiative is an extremely relevant development,
which should be fully supported by the environmental science community. A higher level of
coordination will be required, reaching well beyond the remit of NMHSs and their traditional
fora, to include academia and other national and local environmental agencies that manage
the collection of observations. The private sector can also play a role in the provision of
observations, but in any case, the support at government level will continue to be essential.
As Numerical Earth system Weather to climate Prediction (NEWP) evolves to provide a more
integrated analysis of the Earth system, it needs varied data sources, and we still have a long
way to go towards a satisfactory exchange of data related to land/snow/hydrology. This is not
sustainable and NMHSs should play their role in facilitating the production and exchange of
such data from their territory to the rest of the world, through WMO.
Finally, crowd-sourced data should be fully explored and their use stimulated. This will require
NMHSs to play an active role in searching for such data in their area of interest and in making
sure that they can be used, which will involve major developments in terms of data gathering
and quality control. Experience and data should also be shared, as much as possible.
In terms of technology, the HPC landscape is undergoing rapid evolutions and the efforts
needed to adapt models to new architectures (from CPUs to GPUs, quantum computing in the
future) will be tremendous. It is not expected that all NMHSs will have the capacity to adapt
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their regional /local models with the required fast pace and resources on their own. On the
other hand, this is an area where collaboration between NMHSs, with global centres and with
the private sector will help tackle these challenges in a joint approach. NMHSs could
collaborate regionally to procure and maintain infrastructure and all NMHSs should make full
use of the cloud computing resources available, which will provide the technology to run
applications in a suitable environment.

Q8.
In line with its Convention, ECMWF provides NEWP data and software to its Member and
Cooperating States. It also provides data to WMO NMHSs, charts as open data to all, while
the software developed at ECMWF is also increasingly becoming open source.
Through its core activity and its involvement with EU programmes, ECMWF delivers weather
to climate predictions (from days to months), atmospheric composition, and outputs of a floods
and fire early warning system.
For weather forecasting, major projects to advance science and applications are run in
collaboration with Member States while in Copernicus, the EU programme monitoring the
environment, ECMWF relies on NMHSs for their expertise through contracts awarded via a
procurement process.
Beyond observational data, NMHSs provide an invaluable source of information through their
careful evaluation of ECMWF data and products which are regularly reported through various
fora.
One of the key activities of ECMWF is also the provision of training on NEWP, use of ECMWF
products, use of computing resources and the monitoring of the environment.
ECMWF reserves 25% of its HPC computing capacity to Member States. A new development
is the
provision of cloud resources through the European Weather Cloud developed in partnership
with EUMETSAT. Member States will be able to federate their data through this cloud. A key
role for sharing resources will be played by federated platforms like the European Weather
Cloud. The cloud will also contribute to the improvement of access to the ECMWF data
archive, unlocking its great potential for machine learning applications. Access to the platform
is possible by all NMHSs for their official duty (this will take place when it is operational in
2022). Similarly, data provided by Copernicus (climate, atmospheric composition, etc.), can
be easily accessed through the Climate Data Store / Atmosphere Data Store or through
WEkEO, developed in partnership between ECMWF, EUMETSAT and Mercator Ocean
International.

Q9.
With tight resources and rapidly evolving technology, we can expect international/regional
collaboration to grow even stronger in the coming years, as the need for synergies will be
required more than ever.
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An example at ECMWF is provided by the European Weather Cloud. This concept will be
extended to a core platform providing access to extensive data lakes and Digital Twins of the
Earth via the EU Destination Earth initiative in partnership between ECMWF, EUMETSAT and
ESA.
International collaboration will also continue to be fostered via the Copernicus programme, not
only because a large part of the developments is outsourced, but also because important
aspects of the programme are training and the stimulation of user uptake and provision of
services by providing expertise and platforms for their development. Copernicus is also
involved in data rescue projects across the world.
A very successful example of regional collaboration is provided by the SEE-MHEWS project
supported by WMO, whose model could be replicated in other parts of the world.
The project is supported by the following WMO NMHSs in South‐East Europe: Albania, Bosnia
and Herzegovina, Bulgaria, Croatia, Cyprus, Greece, Hungary, Israel, Jordan, Lebanon,
North Macedonia, Republic of Moldova, Montenegro, Romania, Slovenia, Türkiye, and
Ukraine. The project's aims are to: strengthen regional co‐operation by leveraging
national, regional and global capacities to develop improved hydro-meteorological
forecasts, advisories and warnings to save lives and limit economic losses; strengthen
national multi‐hazard early warning systems making tools and data available to the
participating countries and other beneficiaries; implement impact‐based forecasts and
risk‐based warnings to support governments, disaster management authorities,
humanitarian agencies and NGOs in their decision-making; harmonise forecasts and
warnings in trans‐boundary areas; provide training on operational forecasting for staff of the
NMHSs participating in the project.
It successfully uses ECMWF infrastructure by joining HPC resources available to the
ECMWF Member States which are part of the project.
The pilot phase of the project has been a success. Several countries in the region have
agreed to share more of their observational data within the project which are used
in data assimilation.
Furthermore, the four NWP models in the project have all been implemented by
ECWMF Member and Co-operating States, and are running in real-time, some as
time-critical applications. The hydrological model in the Copernicus Emergency
Management Service has been calibrated over the region and is currently being
implemented to run quasi-operationally. A web-based platform for disseminating the
products is being developed and is hosted on the European Weather Cloud.
Another successful example of collaboration in which ECMWF is actively involved is
the EUMETNET Federated Data Coordination Mechanism (FDCM). Under this
programme EUMETNET NMHSs are coordinating activities such as their interest to
exchange sub-hourly observations under the Supplementary Data Hub project (E-SOH), the
need to provide High Value Datasets to satisfy the requirements of the EU Open Data
Directive on the re-use of public sector information, and the recent Federated
European Meteorological Data Infrastructure (FEMDI). The FEMDI will enable sharing
of hydrological and meteorological data holdings both among the EMI and between the
EMI and external stakeholders (global WMO community, public and private sector bodies,
research institutions, citizens etc.). The FEMDI will be part of the WMO Information System
and will implement the WIS 2.0 principles.
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Regional centres such as RIMES and ICPAC will continue playing an important role in training
and capacity building but also may serve the communities they represent in innovative ways
as they have proved to be self-sustainable and to have in-house capacity.

Q10.
In terms of infrastructure, opportunities are provided by international projects helping to set up
new infrastructure, be it observational data or IT. However, the risk associated with this
collaboration is that, once the time-limited project is over, there is no support to maintain and
develop this infrastructure. A better approach could be provided by SOFF for observational
data. In terms of computing, NMHSs in the most isolated and least developed countries should
take full advantage of cloud infrastructures maintained by larger entities, including private. The
European Weather Cloud developed by ECMWF may be used by NMHSs of WMO. The
European Commission is also financing cloud infrastructures for use with environmental data,
like WEkEO and the Climate and Atmosphere Data Stores. Cloud platforms can be used for
accessing data and products but also for running dedicated nowcasting or downscaling
global/regional weather of climate models activities and using AI techniques. Other initiatives
are emerging to provide cloud resources, for instance in the context of GEO and in partnership
with commercial clouds.
Regional centres and international consortia with a solid structure could prove to be important
intermediaries between global centres and national NMHSs in developing countries, as they
may have or acquire the necessary local knowledge (not just scientific and technical, but also
cultural and political) to make collaborations successful.
Finally, there are huge opportunities for collaborations in training and knowledge transfer. An
example of successful collaboration with development agencies is the active collaboration
between ECMWF and the World Bank. Not only the World Bank supported WMO development
activities in funding of a number of WMO NMHS licences for accessing ECMWF products, but
this collaboration has been further enhanced with the World Bank funding training and licences
for a project in Central Asia managed by ECMWF. The project is part of World Bank
intervention in the area to modernize the NMHSs in Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan and Uzbekistan. ECMWF provided access to products, ecCharts and training
for the NMHSs in these five countries. The training was conducted by a consultant and in each
country more than 80% of the forecasters employed by each NMHS attended the courses.
Participants started with very little knowledge of ECMWF products, and after the training they
were able to customise plots and to interpret the more complex products that ECMWF makes
available to support forecasters in providing warnings for severe weather events.
It should be noted that many of these initiatives would apply with large benefits to other
countries, usually not considered as developing ones. Key, once again, is coordination
between funding agencies, international organisations and advanced NMHSs, especially
those with established links in targeted geographical areas.
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Q11.
ECMWF is predominantly relying on expertise from its Member and Cooperating States. Some
of our staff come from secondments from NMHSs, but it is not always easy for staff and their
management to accommodate a few years outside of their institute. Therefore, we are also
developing visitor programmes for stays which can be as short as a few weeks to enhance
the transfer of expertise and fostering of collaboration. It is also important to build collaboration
with Academia and, on top of collaborative science projects, we are regularly appointing highlevel scientists as ECMWF fellows for a closer cooperation. ECMWF runs also a fellowship
programme in collaboration with the WMO. For new technologies, expertise has to be gained
in cloud computing, computational science and artificial intelligence and bridges have to be
built between traditional weather scientists, data scientists and computational scientists. This
happens through new recruitments but also projects involving hi-tech companies. One
example is the creation of a Centre of Excellence with Atos, with joint projects on optimising
the NWP code, using GPUs and AI. ECMWF collaborates with other HPC centres to run its
models with different configurations. Similarly, to gain experience in porting the model on
public clouds such as the Amazon Web Services cloud, a private company (MAXAR) was
contracted to help us investigate this topic for possible future applications.

Q12.
In 2030+, the idealised NMHS will continue to play a central role in weather forecasting in its
country. It has the important mission of supporting national needs, including the protection of
life and property of citizens in the context of high impact meteorological events. It also is the
main representative of the national interests with respect to the international meteorological
and environmental community, and there are growing needs for enhanced collaborations and
coordination globally, regionally and with the private sector.
The idealised NMHS will have a consolidated observational network, with a sustainable
business model that will adapt according to the local situation, possibly supported by initiatives
like SOFF or thanks to the engagement with the private sector, but also supported by a clear
commitment at governmental level. The network will be complemented by crowd-sourced
data. The idealized NMHS will openly share Earth system (atmosphere, land, snow, marine,
etc.) data for use by other WMO Members, regional and global centres.
It will make full use of satellite data and radar data if possible, in particular for nowcasting
applications.
Cloud technologies will be used to access the wealth of Earth system data and ensemble
predictions provided with an open data policy by global centres and organisations at kmresolution for weather, ocean and sea-ice, atmospheric composition, floods and fire danger.
It might run a regional NWP model in collaboration with other NMHSs and/or a local model,
possibly on the cloud, reducing the need to purchase, operate and maintain costly computing
infrastructures. These models will be run in ensemble mode at even finer resolution than the
global model, with zooms on areas of interest (either highly populated or meteorologically
relevant), at a very high frequency. These will facilitate the development of sector specific
forecast products, in partnership with the relevant sector.
Machine learning will be fully integrated into its NWP and climate services.
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It might integrate machine learning solutions into the NWP and climate services workflow of
organisations such as ECMWF to avoid heavy data processing and to allow for interactive
use.
Similarly, it will support stakeholders to interactively use its information, data and products.
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Yuri SIMONOV
Chair, Standing Committee on Hydrological Services, WMO Services Commission; Co-VicePresident, WMO Services Commission

Q3.
The main policy of Hydrometeorological service of Russia (RosHydromet) is the Decree of the
Government of Russian Federation (№ 372 from 23 July 2004) on “Federal service on
hydrometeorology and environmental monitoring», where main goals and functions of
Roshydromet are described.
According to the Decree RosHydromet is responsible among other activities for “supporting of
operation of hydrometeorological observation stations and gauges on the territory of Russian
Federation as well as the whole system of data acquisition, processing and dissemination of
hydrometeorological information”. There is no data policy explicitly described in the Decree,
which creates uncertainty in interactions with private companies in hydrometeorological
sector.
In practice RosHydromet provide historical (not real-time) observational data free of charge in
paper format (so called Annual books) which can be accessed in libraries of RosHydromet
institutions, as well as other scientific organizations. If a private company wishes to obtain
historical hydrometeorological data series information in digital format for a certain time period,
it requests RosHydromet territorial divisions (which are responsible for observations and data
collection) and sign the contract on the data provision at a certain cost.
Real-time data are not shared with private companies for free, only on a contract basis.
Approved Unified Data Policy may lead to the importance of explicit mentioning of this issue
on the national level and may lead to the proposed changes (additions) to the Decree.

Q5.
Automation of all processes of the hydrometeorological value chain is the most significant
change in the last several decades. Another aspect is enhancement of dissemination systems
and formats of dissemination – users and stakeholders request more in depth products with
better visualization using GIS-web technologies, which sometimes the Service itself is not
ready to produce.
Another aspect is private sector’s more active and ambitious involvement in meteorological
and in the latest 5-10 years hydrological service provision: IT companies, or IT departments
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of big private companies often organize AI based courses and competitions on flood
forecasting with specific purpose to demonstrate its capabilities in such services for
stakeholders.
In RosHydromet institutions’ budget extra budgetary funds (contracts with stakeholders) play
important role and active involvement of private sector may be challenging for some particular
cases.

Q7.
In this question I would underline quality of observations – how to sustain quality of
hydrometeorological observations under changing landscape of monitoring techniques,
involvement of public sector in data sourcing (data acquisition), as well as the private sector
engagement in observations. The role of the NMHS here is to stay responsible for provision
of regulatory material on what, when, where, and how to measure, how to assess and provide
quality assessment of observations.
In terms of hydrological data and RosHydromet experience: there have been always a private
company (economic sectors during USSR) hydrological networks (e.g. water reservoir
operators hydrological network, railway network and so on). RosHydromet nationally is
responsible for hydrometeorological data collection and sustaining the data fund on earth
system observations. Therefore, regulatory material of RosHydromet in terms of observations
and data collections is to be followed to allow measured data to go in the data bank. This seen
to be a good practice and may be used in the future when new stakeholders come to area of
observations and monitoring.
So in the emerging opportunities of data collection and measurement important role of NMHS
is to ensure its sustainability and quality.

Q8.
Hydrological services (forecasts and analytical products) are of interest to private sector (e.g.,
reservoirs operators, railways operators, river transport, electric companies, and others). The
latest requests from the contractors are the enhanced way of the services delivery (GIS-web
way is requested), as well as the additional information – not only the main forecasted variable
(e.g., streamflow) is of interest, but also on intermediate model variables (e.g., soil moisture,
snowmelt, others). Other required product (or way of delivery) is ensemble versus
deterministic.
Contracts with private sector (listed above companies/stakeholders) is reasonable source of
additional funding of my organization (department), which allow involving additional
hydrometeorological and IT expertise to the work of my department.
During the latest years big IT companies in Russia (e.g., Yandex, Sber, others) tend to
participate in tenders for hazardous hydrological phenomena forecasting and early warning
based on the AI techniques. Main governmental stakeholder responsible for dealing with
hydrometeorological hazards – National Disaster Management Agency (EMERCOM of
Russia) – organizes competitions for IT specialists (so called “hackatons”) in hydrological
forecasting. RosHydromet often is invited as initial datasets provider as well as the referee for
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these competitions. RosHydromet shares hydrometeorological experience, while IT sector
provide stat-of-the art knowledge on new IT solutions, e.g., cloud solutions.

Q9.
To solve together interesting and important tasks, e.g., hydrological services provision in the
transboundary river basins, with engaging river basin authorities and reservoir operators. Such
projects will be of interest to all countries involved and will boost the data sharing for the
particular region. To my opinion such joint collaborations, oriented on an important task, will
make data sharing more effective (especially important in view of the Unified Data Policy).
Sharing of technologies and experience is also one of the main points of interest in terms of
international/regional collaboration. One of the latest experiences in regional collaboration I
have participated in is the SEEMHEWS-A Project, which helps to implement state-of-the-art
hydrometeorological forecasting system in the south east Europe, it also managed to bring
together capacities and expertise on the main topic of the Project, so to build the network of
experts, which will work years to follow.

Q10.
Data observations and management are areas where private sector can be involved in (for
example – providing measurement and clod-based solutions for data analysis). Academic
sector may be interested in methods and techniques development and implementation for
specific hydrometeorological and data availability conditions.
It is very important that a NMHS in a developing country while collaborating with private and
academic sector fully understands the whole process and how to sustain it in the future. To
achieve this, capacity development, as well as ensuring of presence of regulatory material is
available nationally.

Q11.
The role of IT specialists has been constantly growing during the last several decades in the
structure of the personnel of the organization due to grow of automation of all processes,
introducing new approaches in hydrometeorology, for example those based on AI. There are
big opportunities in employment of such specialists from Academic sector. Issues are the
following – competition with IT companies for such specialists – when the Service far not
always can provide the same level of financial offer to a specialist.
To overcome such an issue there are several ways:
•

NMHS has very strong attractive points here – massive data sets, interesting goals
(e.g., development of forecasting systems), and practical output, which can be seen
after implementation. Active involvement in scientific activities, including grants,
participation in conferences – all this is attractive to the specialists
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•
•

organization of study coarse on Hydrometeorology in the Faculties of Universities and
Higher Education institutions involve students in hydrometeorology by making thesis’s,
including Ph.D.
joint research with Private sector – e.g., setting up and participation in
tasks/competitions devoted to hydrometeorological forecasting

All this helps to attract young IT specialists.
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Roar Skålin
Permanent Representative of Norway with WMO; Director General, Norwegian Meteorological
Institute (MET Norway)

Q1.
The Norwegian Meteorological Institute (MET Norway) is a state agency subordinate to the
Ministry of Climate and Environment. The role and responsibility of MET Norway is regulated
by a royal decree. The decree includes the following mission statement:
The Norwegian Meteorological Institute is responsible for the public meteorological
services for civil and military purposes. The Institute will work to ensure that authorities,
industry, institutions and the general public are best able to protect life and property,
plan ahead and protect the environment.
The decree explicitly defines our responsibility for serving the Norwegian Armed Forces.
Furthermore, the government has appointed MET Norway as the service provider for civil
aviation in Norway.
Service to and collaboration with other state agencies follows from the Norwegian principle of
sector responsibility. This principle states that each Ministry is fully and solely responsible for
all governmental activities within its sector. In accordance with this principle, we have
established collaboration agreements with some 20 governmental agencies. Such
collaboration agreements typically include a) our deliveries to the agency, b) any deliveries
from the agency to MET Norway, including relevant observations of atmosphere, ocean, ice
and air quality and c) common services to the public and other state agencies. In particular,
MET Norway has an extensive collaboration with the Norwegian Water Resources and Energy
Directorate (NVE), which is the hydrological authority in Norway.
MET Norway is fully open to collaboration with the academic sector, and we have collaboration
agreements with several universities. These agreements typically cover a) principles for
common research projects, b) secondments and joint positions, c) supervision of students at
Master and PhD level and d) use of MET Norway data, software and model systems and the
universities. MET Norway is also defined as a research institute, which implies that we may
apply for funding from the Norwegian Research Council and other research funders, including
the European Union.
We collaborate with the private sector in externally funded research projects. Other
collaborations with the private sector, including delivery of services to the private sector,
follows laws and regulations on state aid and public procurement. The basic principles of these
laws and regulations imply that we have to treat all private entities equally and we cannot
subsidize the private sector.
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Q2.
A major trend in the development of our role and responsibility is increased collaboration
between governmental agencies in order to provide better services for society. This includes
warnings and consequence based forecasts and services to agencies responsible for civil
protection and preparedness. Our role is not limited to forecasting of the atmosphere and the
oceans, it also includes downstream services such as models for air quality and emergency
preparedness (search and rescue, volcanic ash, radioactive emissions etc).
Another trend is the increased focus on climate adaptation. The government has given MET
Norway the responsibility for coordinating national recommendations for climate adaptation,
based on the scenarios for global climate change (IPCC) downscaled to regional and national
scale. This work is done in the Norwegian Center for Climate Services, which is a collaboration
between MET Norway and other agencies and research institutes.
A third trend is “science for policy”, providing scientifically based knowledge as a basis for
national policies. In particular, this is related to climate, energy and use of natural resources.
Our role as service provider for civil aviation is based on the current European and Norwegian
regulations for civil aviation, and may change in the future as a result of new European
legislation. The Nordic and Baltic meteorological institutes are collaborating on development
and production of services for aviation, in order to increase quality and efficiency and prepare
for possible changes in legislation.
MET may be a provider in the commercial market, thus competing with the private sector.
However, our share of the market is small and limited to a few areas (energy and maritime).
The purpose of our activity is to understand the needs of the market and to improve our core
service.

Q3.
MET Norway’s data have been open and free of charge since 2007. All our data (observations,
model output and post-processed products) are available through machine-readable APIs.
The open data policy has given us large benefits. It allows us to deliver services and products
to the public based on all our data, such as the Yr app and web-solution. The open data policy
has increased our visibility in the Norwegian society, and increased use of data by both the
public and the private sector gives us better feedback on data quality and has guided our
efforts to improve quality of both observations, model outputs and end-user products. An open
data policy also opens up new areas of collaboration, as our collaborators would like to include
our expertise in projects where they use our data. Furthermore, our open data is used in
capacity building in other countries.
We may enter into service level agreements (SLAs) in order to guarantee a given service level
for our delivery of data. Obviously, only the additional cost of the guaranteed level is payable,
the data as well as the delivery solutions are free of charge.
When our data were declared open and free of charge in 2007, the Norwegian government
did not have a unified data policy. In a recent (2021) white paper from the government to the
Parliament, the government outlines the public data policy in Norway. The main principle is
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that data should be as open as possible and as closed as necessary. Furthermore, data should
be Findable, Available, Interoperable and Reusable (FAIR). Data shall be shared and used
in a way that gives value to the private sector, the public sector and society at large. Finally,
data shall be shared and used in such a way that fundamental rights and freedoms are
respected and Norwegian societal values are preserved
We do not expect the WMO Unified Data Policy to have a major impact on our data, as they
are fully open and free of charge. However, we expect better access to global data, which will
improve our services as well as our research.

Q4.
Formally, the role of the Director General of MET Norway is defined in royal decree regulating
the roles and responsibilities of MET Norway. The basic principle is that the Director General
is responsible for implementing decisions taken by the government and the board of MET
Norway and he/she is the decisive authority in all matters not dealt with by the government or
the board. As a consequence of this, the Director General is responsible for the participation
of MET Norway in international collaborations as well as collaboration between MET Norway
and other governmental agencies.
Norway is following the practice that the Director General of the NMS is the Permanent
Representative with WMO and the principal delegate at the World Meteorological Congress.
In matters relating to WMO, the Director General reports both to the Ministry of Foreign Affairs
and the Ministry of Climate and Environment. Furthermore, it is the responsibility of the
Director General to maintain the contact with the competent national authorities, in particular
the Norwegian Water Resources and Energy Directorate (NVE, the hydrological authority) and
the Norwegian Environment Agency (the IPCC focal point in Norway). Furthermore, it is the
role of the Director General to involve the relevant representatives of the private sector in
matters related to WMO.
The role of the Director General will change as a result of the general trend of increased
collaboration both nationally and internationally. In particular, the increased collaboration and
coordination between governmental agencies with responsibilities for civil protection and
preparedness implies that the Director General must be able to have an holistic view of the
societal needs in order to plan for future deliveries from the Norwegian Meteorological
Institute. Similarly, the increased international collaboration and cooperation implies that the
Director General must see the role MET Norway research, development and service delivery
in a European and regional context.
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Q5.
For MET Norway, the two most significant changes over the past two decades are the
introduction of open and free data in 2007 and the launch of the public weather service Yr the
same year. Yr is based on all our data, and would not be possible without an open data policy.
Yr increased the end-users focus in
all parts of the organisation. The
direct feedback on our detailed
forecasts helped us to realize that the
development
of
the
weather
forecasting must be research driven
and the research must have user
focus. Building on this, we have
today a value chain where the
development in each individual link
should provide value for the enduser. The research is based on competitive funding (see Q6), which helps ensure quality and
impact. The operational production by the forecasters is focused on aviation, warnings, serving
social and traditional media and service to governmental agencies, while the core production
of forecasts are highly automated.
Other significant changes in the value chain for weather forecasting over the past two decades
include co-production of NWP with our neighbouring NMHSs (see Q9), co-production and in
some cases direct coupling of value chains with other governmental agencies in order to better
serve societal needs (see Q1 for hydrology and an example in Q8) and increased use of EPS
(including in end-user products). In the past decade, it is to a large extent the post-production
of model data that is driving quality and perceived value of the end-user products. The
combination of highly skilled personnel with a high degree of freedom to explore new solutions,
increased amounts of data (observations and model output), new technologies and immediate
impact on end-user products (R2O) are main drivers in our innovation of new and improved
products.
Looking ahead, the requirements for more precise forecasts will continue to increase. In
particular this is driven by extreme weather events and thus the need for improved warnings.
The increased value of the forecasts may come from direct improvements in the NWP models,
but most likely the best opportunities are related to Earth System Modelling (taking a more
holistic view), use of new technologies (AI/ML, federation, new HPC architecture) along the
value chain and in particular in post processing, increased access to observation and stronger
collaboration/co-production. In Europe, The development of a digital twin of the earth is an
initiative that encompasses all of these opportunities. In addition, adding value through better
post-processing still has a high potential.
The challenges are related to understanding user needs and having access to competence
required to take advantage of the opportunities. Understanding user needs and how to solve
them requires a combination of pull and push. If we do not succeed in this process, we risk
that users select other partners than the NMHSs or that we create sub-optimal solutions which
may fail to solve the real need of the user. As an example of the need for competence, we can
consider the use of machine learning (ML) in product generation. An ML expert may create
many products that seem useful, but are not based on the physics of the atmosphere and
oceans. A domain expert may use sub-optimal ML techniques. A good combination of domain
expertise, ML expertise combined and expertise in user needs and user interaction are
required.
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For climate, some of the most significant changes over the past decade are related to climate
adaptation. Regional and local downscaling of results from global climate models have greatly
increased our ability to serve municipalities, agriculture, industry and owners of infrastructure
in their preparation for future climate. However, the requirements are higher, both in terms of
resolution of the climate scenarios and integration into the value chains of the users.
Some of the highest risks are related to the challenges mentioned above; lack of competence
available to the NMHSs and failing to understand user needs. Both of these may lead to others
taking over parts of our services. In Norway, outsourcing or other forms of collaboration with
the private sector may not solve the issue of competence. Private companies have also
challenges in recruiting competence in for instance ICT, and they may not be able to serve
the smaller customers, like an NMHS.
Another type of risk is cyber security. This is a risk that may be difficult to prevent and have to
be mitigated through collaboration between NMHS, for instance through agreements for
backup of essential production.
A third type of risk is related to our own emissions of carbon dioxide. In order to be credible
providers of weather forecast and knowledge for climate mitigation and adaptation, the
NHMSs need to take at least our share of the reduction in emissions. A large fraction of our
emissions comes from high performance computers. Adaptation to new and more energy
efficient technologies and increased co-production are essential. Similarly, developing an
observation network with minimum impact on emissions and the environment and reduction
of travelling should be high on the agenda.

Q6.
MET Norway is the only governmental provider of meteorological services and the Norwegian
Water Resources and Energy Directorate (NVE) is the only governmental provider of
hydrological services. As MET Norway has an open data policy, private companies may use
our data as a basis for commercial meteorological services and they may offer such services
to both local and central authorities, private sector and the public.
MET Norway observation infrastructure and core services to the public and governmental
agencies are covered by governmental funding, and this part accounts for approximately 60
% of our total revenue. Cost recovery for civil and military aviation accounts for 12 %. Research
is mainly funded by national and European research funders through competitive mechanisms
and accounts for 19 % of the total revenue. Deliveries to common European services
(Copernicus) accounts for 3 %. Finally, 6 % of our revenue is based on commercial services.
The governmental funding ensures that we have a high quality observation network and that
our core services to society are sustainable. We consider the competitive funding of research
to be a great advantage now, and even more so in the future. It ensures that our research
proposals are reviewed by experts prior to funding, considering both excellence and impact of
the research and our ability to successfully implement the research projects - including taking
research into operations. The weakest part of our funding model is cost recovery for civil
aviation. There is a high pressure to reduce cost and the funding model for civil aviation
services may change as a result of new legislation.
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Q7.
The core observation network for climate should be funded by the government and owned by
the NHMSs. This is important to secure the high quality of observations and the long timeseries required for climate analysis.
For other observations, in particular observations used in forecast models and postprocessing of model data, there will be a large number of different observations and service
models. Both the observations available to us and the service models will vary over time. The
NMHSs should have a clear understanding of their needs and how combinations of different
types of observations can cover the needs and close gaps. In this way we can use the
observations and services that will best complement our own infrastructure and give the
highest impact on our services to the users.
One example is our use of data from private weather stations for post-processing of model
output. These data are delivered as a service by some vendors, most notably Netatmo. This
network of observations has a high density both in space and time, and the number of stations
outweigh the number of official stations by two orders of magnitude. Through the use of
efficient algorithms for big data, these observations have proven highly useful for postprocessing. In the future there may come other data that are even more useful. It could be
data from cars or other types of IoT sensors. We do not know, but we need to be flexible and
ready to take advantage of new types of observations. Our software for handling observations
should be based on standards and preferably open source in order to avoid vendor lock-in
that could delay adaptation of new observations and service models.

Q8.
Successful engagements with other entities require common understanding on how we
together can solve the needs of society or end-users. In some cases, cooperation/coproduction and common value chains will be highly advantageous, or even required. One
example is our service to the Joint Rescue Coordination Centres and the Norwegian Coastal
Administration in case of emergency situations (drifting wessels, persons floating in the sea,
oil spill etc) at the open oceans or along the coast. Both organizations have integrated our
data and models in their systems, allowing them to run our drifting models using the most
recent model model (atmosphere, ocean, waves) and have the results presented in their own
visualizations systems.
Our use of data from Netatmo weather stations (described above) is an example of how we
use a service provided by the private sector to increase the value of our forecasts and at the
same time create enthusiasm for providing data among the weather interested public.
Norwegians owning a weather station know that their observations are used by us, and they
get the benefit in terms of better prognosis in their vicinity.
Collaboration and cooperation are key factors in finding the right balance between societal
needs and financial/human resources. One example is the public weather service Yr. Yr is a
partnership between MET Norway and the Norwegian Broadcasting Corporation (NRK) based
on a common mission (serving the need for high quality forecasts in the public) and the
expertise available in each of the organisations. MET Norway has expertise in forecasting and
data handling, NRK have expertise in communication and user interaction. Another example
is the UWC/MetCoOp co-production of NWP, outlined below.
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Q9.
Cooperation and co-production among the NMHSs is vital for serving our mission, contributing
to the broader societal missions and increasing value for our users. The most important
cooperations will be those that are directly related to our value chain.
Since 2014, the Swedish Meteorological and Hydrological Institute (SMHI) and MET Norway
have had joint production of NWP (named MetCoOp). We have a common model setup and
operations, HPC systems and model output. Later on the Finish Meteorological Institute and
the Estonian Environmental Agency joined the cooperation. We all benefit from joining our
resources. Together we have a larger pool of highly qualified personnel and get access to
more powerful computers than each of us can afford on our own. Such cooperation will
become more important, and in Northern Europe 10 countries have decided to join forces from
2027. One of the reasons we can establish this cooperation is the common development of
model codes in consortia such as ACCORD.
ECMWF and EUMETSAT have served the European NMHSs for decades and they are
excellent examples of what can be achieved through international cooperation. We expect that
their role will be even more important in the years to come.
EUMETNET will be important to foster collaboration between NMHSs in Europe. Some of the
EUMETNET programmes will be of interest and value to all members. However, we may see
a development where not all NMHSs take part in all activities. There are differences among
European NMHSs and we have different national priorities. The new EUMETNET agreement
opens for collaboration between subsets of members, and in my view this strengthens the
organisation.
The role of WMO in defining common policies and strategies for members is essential for a
well-functioning global collaboration on weather, water and climate. It also helps to raise
awareness and funding for research efforts. WMO is and will continue to be of vital importance
for global collection and exchange of observations, joint research efforts, development of
services and competence building. The Unified Data Policy, GBON and SOFF are excellent
examples of recent WMO achievements.
Finally, we expect collaboration on regional service deliveries, such as the Copernicus
services, to have an increasing role in the coming years.

Q10.
MET Norway has based its collaboration with developing countries on ownership and visibility
of the local NMHS, collaboration between project teams comprising members from both
countries, synergies between several partner countries and open source, open research and
open data. In more detail, our collaboration model is based on the following
Building competence in the areas of
-

digital technology (data, formats, operating systems, installations, maintenance,
operations)

-

verification (NWP models, observations)
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-

ocean and wave modelling and use of leeway models

-

climate adaptation, use of empirical statistical downscaling

Tools
-

all tools are based on open source and they are developed at MET Norway (possibly
in collaboration with other NMHSs) and used in daily operations at MET Norway

-

all tools are available in Gitlab

-

the tools are documented and we have build a library of training videos

Data
-

use of MET Norway weather (Digital Public Goods)

-

use of ECMWF data where available for use in the collaborating countries

-

making data from local models available through APIs

While this approach has turned out to be highly successful in many countries, there are
certainly some risks:
-

local conflicts in the collaborating country

-

poor and/or expensive internet connection

-

lack of a common language

-

lack of basic competence (ICT, weather, ocean, climate)

-

challenges related to sustainability, in particular for short-term projects

-

as a result of the pandemic several staff members are reluctant to travelling, and not
all parts of competence building are suited for digital communication

Q11.
In order to ensure and empower talent, we will strengthen some elements of our existing
culture and practices and introduce some new strategic elements. Some of the measures are:
-

Improve collaboration with other NMHSs, governmental agencies and also
organisations that have competence which complement our in-house competence.

-

Empower our employees, based on common understanding of goals and freedom to
find solutions. Typically, this is implemented through projects.

-

Short path from research and development to operations, it is motivating when your
results are implemented in operations and you get immediate feedback from users.
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-

Be an equal opportunity employer, giving opportunities to all employees and recruiting
from all over the world

-

Open data - open source - open science and building Digital Public Goods

-

Continue to attract staff that are motivated by our societal mission; to protect life and
property

Q12.
In 2030, an idealized NMHS are actively contributing to the prioritized societal missions, such
as
-

reducing impact of extreme weather events through efficient and user-oriented
warnings

-

adaptation to climate change and other societal changes

-

restore oceans and waters

-

build smart cities

-

healthy soil and sustainable agriculture

In order to get there, the NMHS are taking part in national and international collaborations and
cooperation that will improve its services to end-users and to other governmental agencies.
The NMHS has a thorough understanding of its users and how they use data from the NMHS
and allows itself to be challenged by the users and stakeholders. The funding of the NMHSs
has a competitive element, in order to secure quality and impact of the research and
development.
The NMHS contributes to developing NMHSs in other countries through long-term
cooperation, competence building and investments in Digital Public Goods. The outcome of
the cooperation should benefit both countries and be available to the rest of the world. WMO
supports this model, coordinates the cooperation and helps in raising funds.
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A.R. Subbiah
Director, Programme Unit, Regional Integrated Multi-Hazard Early Warning System for Africa
and Asia (RIMES)

Q4.
Convening/ coordinating skills of the NMHS Director more essential than ever before
Director’s ability to reach out to, and engage with wider range of sectoral agencies and nontechnical agencies to understand their perspective, and need for NMHS products and potential
offerings
Articulates and cements NMHS position as an enabler/ facilitator in helping stakeholders
understand value of NMHS data and services for enhancing their regular planning and
implementation as well as during severe/ extreme events, i.e., both resource and risk
management
Seen as key stakeholder in helping Member States safeguard sustainable development gains/
fast-track accomplishment of SDG, articulates and reinforces centrality of NMHS in guiding
decisions on urgent climate actions and disaster risk reduction

Q5.
The institutional landscape is changing- private sector as a competing source of information,
challenging NMHS as the sole authoritative source of information. This is both a challenge
and an opportunity- for co-opting the drive, agility and resources of the private sector in this
vital area. But this needs to be regulated via appropriate legal provisions that delineate NMHS
roles and responsibilities vs private sector entities, wherein public safety related services are
sole responsibility of NMHSs, and value-added services for resource (and risk) management
relating to economic activities are provided by private sector through an enterprise model.
Private sector draws upon NMHS data (and forecasts if available) to provide these services
on a cost-sharing basis, ensuring both remain viable in the changing context.
User institutions- their exposure/ vulnerability and resultant increasing impacts from weather
and climate- has modified their expectations from NMHSs to manage resources and risks
more effectively and wholistically
Technology advances have meant increasing reliance on machines and computing, changing
the nature of the work resulting in various new skill sets and human resource requirements
than before. Multi-disciplinary teams are the new normal.
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DSS- integrated approach co-production with user sectors and institutions is the future, rather
than only generating forecasts
Technology improvements have also meant higher resolutions of regional and global models
are possible- making national models redundant or unnecessary, and posing increasing
demands on NMHSs to interpret downscaled forecasts for specific sectors or administrative
levels, or basins or urban locations.
These are disruptive changes- this transformation driven by technology is hence expected to
lead to a massive redesign within the NMHS for it to remain relevant and address the emerging
needs and challenges. NMHSs in current form are not equipped to cope with these changes
immediately and require necessary support to make the transition smoothly.
The SAHF is seized of the transition requirements and has initiated a regional approach to
assist in transforming NMHSs through a transition process. This transition is already being
institutionalised in South Asia- where we can witness the necessary adjustment and
alignments are already taking place, eg: IMD-RIMES Unit in India, RIMES Integrated National
Climate Applications Centres in Sri Lanka and Bangladesh, and elsewhere- eg: RIMES
Integrated Multihazard EW Centre in Papua New Guinea

Q7.
NMHS should remain the focal point for basic infrastructure, even if the private sector and
academia supplement the observation and telecommunication networks. Data from these
networks should also flow freely to the NMHSs, as they will also enable NMHSs to serve core
public interests more effectively, while the private sector can make use of these and other data
from NMHSs to provide value-added services commercially. A share of the profits should be
ploughed back to NMHSs, to enable it to continue improving its basic infrastructure and core
services.

Q8.
RIMES assists NMHSs to overcome initial inertia to go beyond core public safety focus or oneway information dissemination model. RIMES assists NMHSs to embrace engagement with
sectoral institutions as well as NDMOs through various institutional mechanisms such as the
Monsoon Forums to understand user needs, co-design value-added resulting in co-production
of services and Decision-support Systems. 11 modules of the TNSMART/ SATARK - an
outcome of co-development efforts of RIMES, and IMD with the State Disaster management
authorities are in full operational use of the SDMAs. This demonstration has led to national
level acceptance and replication by IMD throughout the country. Engagement via the monsoon
forums led to demonstrations undertaken jointly by RIMES and NMHSs, and the positive
outcomes from the demonstrations resulted in policy changes that subsequently created the
BANCA.
The engagement process also has the potential of creating “Friends of NMHSs” across the
government and society, who could advocate on behalf of and with NMHSs having directly
benefited from its services.
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Q9.
Regional institutions, especially intergovernmental organizations owned by Member States
have the main responsibility to assist Member States by complementing their skills, resources
and expertise, while additionally helping Member States address their concerns on sustaining
progress or accomplishments from external projects or limited duration engagements. Over
13 years of sustained engagement by RIMES with its Member and Collaborating Countries
upholding centrality of NMHSs has led to recognition of the value of role of such regional
institutions and resultant enhanced cooperation with WMO. WMO and RIMES are now codesigning a Joint Strategy and Action Plan built around the centrality of NMHSs to address
the emerging challenges around urgent climate action, DRR and Sustainable Development
Goals, with activities jointly funded by RIMES and WMO aimed at addressing the key priorities
and needs of the NMHSs.

Q10.
This is already addressed in previous responses to Q# 5, 7 and 8

Q11.
This is already addressed in previous responses to Q# 5, 7 and 8

Q12.
Centrality of NMHSs in a whole of society and whole of government approach with active
involvement with the private sector and civil society is the vision, as articulated in the draft
illustration developed jointly by RIMES and WMO (RAP and Office for Africa) enclosed
overleaf.
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Ken Takahashi Guevara
Former Permanent Representative of Peru with WMO; Former Chief Executive Officer,
National Service of Meteorology and Hydrology of Peru (SENAMHI)

Q1.
The National Meteorological and Hydrological Service of Peru - SENAMHI was created in
1969 by the Decree Law No. 17532. According to the Peruvian Law No. 24031, approved in
1984, SENAMHI has the purpose of planning, organizing, coordinating, regulating, directing
and supervising meteorological, hydrological and related activities, through scientific research,
carrying out studies and projects and the provision of services in matters within its
competence. This law establishes among its main functions to organize, operate, control and
maintain the National Meteorological, Hydrological and Agrometeorological Station Network,
in accordance with the technical standards of WMO, and to dictate rules and regulations
regarding the installation, operation and maintenance of such stations and others for specific
purposes; as well as to centralize and process the meteorological, hydrological,
agrometeorological and specific-purpose information for its users, to certify and authorize the
use of meteorological and hydrological for official applications and the calibration of the
associated instruments. Additionally, SENAMHI is in charge of organizing, regulating and
promoting an atmospheric watch system in the country against the hazards of air
pollution. SENAMHI is charged with the representation of Peru with WMO. In 2013, the Law
No. 30102 mandated SENAMHI to inform the UV radiation levels to prevent negative health
effects.
The regulations of the Law No. 24031, approved with Supreme Decree 005-85-AE in 1985,
makes precisions to the functions of SENAMHI. In particular, it establishes that SENAMHI is
responsible of maintaining a National Station Registry, of assessing the national climate, of
emitting national meteorological forecasts and of informing the National Disaster Risk
Management System about meteorological and hydrological phenomena that could result in
disasters.
When it was created in 1969 by Decree Law No. 17532, SENAMHI was under the control of
the Prime Minister. In 1981, it initially joined the Aeronautical sector (Law No. 24031) and in
2007, by Law No. 29075, it became part of the Defense sector. Finally, in 2008, with the
creation of the Ministry of the Environment through Legislative Decree No. 1013, SENAMHI
was established as a government executing entity attached to this Ministry.
The regulations of the organization and functions (ROF) of SENAMHI, approved by Supreme
Decree 003-2016-MINAM in 2016, establishes its four Directorates: i) Observational Networks
and Data (DRD), ii) Meteorology and Atmospheric Environmental Assessment (DMA), iii)
Hydrology (DHI), and iv) Agrometeorology (DAM). Furthermore, SENAMHI has regional
offices (Zonal Directorates) that are responsible of the stations, as well as delivering products
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and services, within their geographical domains. The ROF further details the functions of
SENAMHI, such as ensuring the interoperability of the National Station Network with the
National Environmental Information System, the National Water Resources Information
System and the National Disaster Risk Management System, among others, producing
climate and hydrological predictions, developing and updating the national climate change
scenarios, performing research on solar and wind energy potential, monitoring of ultraviolet
radiation and atmospheric ozone, developing agrometeorological modeling and crop impact
predictions.

Q2.
In 1984, as indicated above, the Law No. 24031 and its regulations, approved with Supreme
Decree 005-85-AE in 1985, established the functions of SENAMHI, including to:
•
•
•
•
•
•
•
•
•
•

Organize, operate, control and maintain the National Meteorological, Hydrological and
Agrometeorological Station Network, in accordance with the technical standards of
WMO,
Regulate the installation, operation and maintenance of such stations and others for
specific purposes; as well as to centralize and process the meteorological,
hydrological, agrometeorological and specific-purpose information for its users,
Organize, regulate and promote an atmospheric watch system in the country to prevent
the effects of air pollution.
Maintain a National Station Registry
Assess the national climate
Generate and disseminate meteorological forecasts at the national level
Inform the National Disaster Risk Management System about meteorological and
hydrological hazards, i.e. warnings.
Certify and authorize the use of meteorological and hydrological information for official
applications
Certify the calibration of meteorological and hydrological instruments
Represent Peru with WMO.

In 2009, the Water Resources Law No. 29338 created the National Water Resources
Management System under the direction of the National Water Authority (ANA) and its
regulations were approved in 2010 by Supreme Decree No. 001-2010-AG. SENAMHI is part
of this System and provides it with hydrological information, which is then published by ANA
in this context.
In 2011, the National Disaster Risk Management System - SINAGERD was created by Law
No. 29664 and its regulations approved by Supreme Decree No. 048-2011-PCM, which
established the National Early Warning Network (RNAT) under the leadership of the National
Institute for Civil Defense (INDECI). In the context of RNAT, SENAMHI chairs the
subcommittee responsible for coordinating the implementation of early warning systems
associated with hydrometeorological hazards.
In 2013, the Law No. 30102 mandated SENAMHI to inform the UV radiation levels to prevent
negative health effects.
In 2016, the regulations of the organization and functions (ROF) of SENAMHI were approved
by Supreme Decree 003-2016-MINAM. With respect to the 1985 regulations, in these case
the following specific functions were included among others:
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•
•
•
•
•
•
•
•
•
•
•
•

Participation in the WMO Global Telecommunication System and Global Dataprocessing System
Participation in the Global Atmospheric Watch program.
Short and very short term meteorological monitoring
Monitoring of climate variability and change
Numerical modeling, data assimilation and remote sensing in support of weather,
climate and hydrological forecasts
Atmospheric chemistry modeling for simulation and prediction
Climate change scenarios, including effects on hydrology and agriculture
Assessments of solar and wind energy potential and of water resources from coastal
fog
Monitoring of ultraviolet radiation and atmospheric ozone
Phenological monitoring of the main crops in the country
Develop models and methods for crop forecasts and early warning
Assess agricultural and livestock potential at the regional level using
agrometeorological/climatic methods

In 2017, after the severe "coastal El Niño", the Multi-sectorial Commission charged with the
National Study of El Niño Phenomenon (ENFEN), originally created in 1977, was updated by
Supreme Decree No. 007-2017-PRODUCE. The ENFEN Commission is composed by
relevant technical national institutions including SENAMHI and Its purpose is to assess and
forecast of atmospheric, oceanographic, biological/fisheries, ecological, marine and
hydrological conditions associated with "El Niño" for risk management.
In 2018, the Law No. 30754 on climate change was approved and its regulations, approved
with Supreme Decree No. 013-2019-MINAM in 2019, established that regional and sectorial
studies for climate change impacts, vulnerability, risk and adaptation shall be based on the
climate information and guidelines provided by SENAMHI.
In 2020, the Presidency of Council of Ministers, head of SINAGERD, approved the "Protocol
for the emission of warnings, alerts and alarms for heavy rainfall and associated hazards" by
Ministerial Resolution No. 049-2020-PCM, prepared jointly by SENAMHI and INDECI, which
defines the associated actions and responsibilities of the entities involved, in order to
safeguard the lives and livelihoods of the population in the areas at risk. Particularly, it
specifies the role of SENAMHI in emitting warnings associated with heavy rainfall, river floods
and flash floods/debris flows ("huaycos").
In 2021, the regulations of Law N°24031 were ammended by Supreme Decree No. 027-2021MINAM to explicitly include the competency to the modeling of the processes of the dispersion
of air pollutants and create a new service that SENAMHI provides exclusively to evaluate
technical documents on this topic. Furthermore, approval of the technical documents by this
service is mandatory for their consideration in administrative procedures that requires them,
e.g. for the authorization of economical activities that produce air pollution that could affect the
population.
Although in general it is difficult to predict how the legislative framework will evolve, the
establishment of the new version of the National Station Registry - RENAMHI and of new
exclusive services such as the one above that operativize some of the functions of SENAMHI
will be approved by the government by Supreme Decrees. Additionally, the operation of the
early warning systems could require updating some aspects of the regulations of organization
and functions of SENAMHI in the near future for efficiency and clarification of roles.
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Q3.
In 2017, the "National Government Open Data Strategy of Peru 2017 - 2021" and the
"Government Open Data Model of Peru" were approved by Supreme Decree No. 016-2017PCM, having as objectives to:
•
•
•
•
•
•

Promote the opening and reuse of open data of public information that according to
the rules on transparency and access to public information and complementary rules
guarantee the rights of citizens.
Strengthen governance and trust in public administration entities through open data to
improve decision-making and the provision of public services.
Encourage citizen participation in the public policy cycle and citizen collaboration for
the co-creation of public value
Encourage with open data the innovation and use of information and communication
technologies to contribute to social and economic development, the information
industry and competitiveness.
Promote public-private alliance through the opening and reuse of open data with
economic and / or social impact.
Encourage the development of the open data ecosystem that guarantees its
sustainability.

In 2018, the Legislative Decree No. 1412 approved the Law of the Digital Government, which
has open data by default, available immediately, as one of its guiding principles. It establishes
that government entities manage their data as a strategic asset, ensuring that they are
collected, processed, published, stored and made available for as long as necessary and
when appropriate. The Regulations of this Law, approved in 2021 by Supreme Decree
No. 029-2021-PCM, established that government entities publish the data that is produced,
processed, stored and / or collected on digital platforms, whose publication is not excluded by
specific rules on transparency, in open formats in the National Open Data Platform, prioritizing
those that are of national or strategic interest for the implementation of State policies and
government policies, and that they are human and machine readable. It also established the
National Georeferenced Data Platform (GEOPERÚ), by which government entities share and
/ or publish georeferenced data and georeferenced information services in order to guarantee
the availability of the data necessary for making strategic decisions.
In the case of SENAMHI, the Law No. 24031 establishes as part of its functions to:
•
•

Centralize and process meteorological, hydrological, agrometeorological and specificpurpose information, for its respective analysis and timely application by the
corresponding agencies, under responsibility;
Grant conformity to meteorological and hydrological information to be used in the
country for the preparation of projects, execution of works or other activities that are
related to research, trade, industry or other productive purposes or not, which will
require said authorization expressly.

The processed station and georeferenced data produced by SENAMHI is freely available
online. Based on the recent national legislation and the new WMO Data Policy, SENAMHI
aims to standardize and centralize the Earth system data that is produced in the country
through the establishment of the National Meteorological, Hydrological, Agrometeorological
and Atmospheric Watch Station Registry (RENAMHI), which would be compulsory for the
public sector, as well as to the private sector in case they requires conformity to their data for
official use. According to current legislation, this data will be published openly, although the
official granting of conformity itself would have an associated processing fee. Diverse data
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generators and users in Peru have manifested their interest and support of the implementation
of RENAMHI, which will be an important tool for enhancing the data quality and availability
and implementing the WMO data policy in Peru.

Q4.
In Peru, according to Law No. 24031, SENAMHI has as one of its main functions to organize,
operate, control and maintain the National Meteorological, Hydrological and
Agrometeorological Station Network, in accordance with the technical standards of WMO, as
well as to dictate rules and regulations regarding the installation, operation and maintenance
of such stations and others for specific purposes. Furthermore, Law No. 24031 charges
SENAMHI with the national representation with WMO. Particularly, according to the
institutional Regulations of Organization and Functions, approved with Supreme Decree 0032016-MINAM, the Permanent Representation is a function of the Executive President of
SENAMHI.
The Executive President of SENAMHI and its personnel maintain frequent contact with
relevant authorities for the implementation of actions in the framework of the national systems
of disaster risk and water resource management, as well as climate change and others,
including WMO-specific issues.
WMO decisions are highly technical, which is why the WMO Convention establishes that the
Member's principal delegate at the WMO Congress should be the Director of its Meteorological
or Hydrometeorological Service. The implementation of these decisions in the intersessional
periods, however, is primarily through the work of the Permanent Representative and the
NMHS of which they are typically the directors, particularly since the Congress decisions are
not legally enforceable against the Members. Although PRs coordinate with their respective
Ministries of Foreign Affairs, it would be more effective that close coordination were
recommended explicitly in the Regulations so that the Ministry takes more ownership of the
implementation of the WMO decisions, as well as of the inability to do so.

Q5.
SENAMHI was created in 1969 and its main specific roles and functions were detailed in the
Law of SENAMHI (No. 24031) and its regulations in the mid 1980s, such as the responsibility
of the National Meteorological, Hydrological and Agrometeorological Station Network and the
associated data, issuing of national weather forecasts, issuing of meteorological and
hydrological warnings, climate characterization, quantitative and qualitative assessment of
water resources, forecasts for agricultural planning, air pollution monitoring, certification of
meteorological and hydrological information for official use and the calibration of the
associated instruments, and scientific research, among others. Substantial progress has been
made in the implementation of these roles and functions. For instance, since the 2000s, the
automatic meteorological and hydrological station network was established, currently with 300
stations, while numerical meteorological, hydrological, air quality, and crop models were also
implemented. Diverse new services and products, such as climate change scenarios, storm
nowcasting, agrometeorological risk predictions, national hydrological forecasts, drought
indices, among several others, have been developed. The implementation of "climate
services" has had substantial progress with the WMO-sponsored and Swiss-funded
Climandes projects, which have enhanced the way SENAMHI delivers services to the end
users.
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As SENAMHI becomes stronger in the service and product provision, the legislative and
institutional framework may be updated (see question 3). For instance, SENAMHI has
consolidated its role in early warning systems in recent years in the framework of the National
Early Warning Network (RNAT), particulary with the approval by the Government of the
"Protocol for the emission of warnings, alerts and alarms for heavy rainfall and associated
hazards", under which SENAMHI began providing warnings of conditions for potential flash
floods/debris flow (known locally as huaycos) based on gridded precipitation estimates
produced by SENAMHI from station data. Another example is the approval in 2021 of a service
exclusively provided by SENAMHI to evaluate studies of modeling of dispersion of air
pollutants, which is a requirement for authorization of economic activities, that has
strengthened the positioning of SENAMHI as a scientific entity in the environmental sector.
The ongoing implementation of early warning systems and the first operational meteorological
radars in the National Meteorological Radar Network will produce a qualitative change in how
SENAMHI operates. In terms of funding, most of the activities of SENAMHI are funded through
the budgetary program PP068 for Disaster Risk Management and issues such as huaycos
and forest fires have been explicitly incorporated into the program, which provides a route for
sustainability and for the clarification of institutional roles.
For 2030+, several drivers and trends are expected to produce substantial changes in the
users requirements and the way SENAMHI operates. The effects of climate change (IPCC
2021), including the increasing frequency and intensity of extreme events, such as floods
associated with El Niño and droughts in the Andes and Amazon, including the potential for
ecosystem collapse in the latter through interactions with deforestation and forest fires,
produce urgency for the implementation of adaptation measures, which in turn must be
informed by the information generated by SENAMHI. This is further emphasized by the ranking
of the top 10 global risks with highest both probability and potential impacts for the population
of Peru in the next 10 years (CEPLAN 2020a), in which climate is clearly a dominant factor
(this ranking was produced before the pandemic):
1. Environmental damage and man-made disasters
2. Water crisis
3. Serious losses of biodiversity and collapse of ecosystems
4. Incidence of major natural disasters
5. Incidence of extreme climate events
6. Failure of mitigation and adaptation to climate change
7. Failure of national governance
8. Failure of urban planning
9. Deep social instability
10. Food crisis
Increased concern with climate change and worsening extreme events, particularly as recent
events in 2021 have made vulnerabilities apparent even in developed countries, is likely to
increase support from international funding agencies, as well as increased need for
information, including new services, from the government for planning and decision making,
as well as by other users for their own applications or for generating their own products and
services.
With respect to global oportunities, the top ten identified for Peru are (CEPLAN, 2020a):
1.
2.
3.
4.
5.
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Greater development of the digital economy
Technology and innovation in education
Greater demand for organic products
Technology and innovation in health
Big data and artificial intelligence

6. Internet of things
7. Improved information security
8. Greater security of transactions
9. Greater development of air transport
10. Exploitation of alternative minerals
Particularly, the digitilization of the economy, big data, artificial intelligence and the internet of
things are oportunities directly related to the activities of SENAMHI. The WMO white paper on
the future of forecasting (WMO 2021) discusses how the nature of the forecast activities and
service provision will probably change in response to advances in these topics.
For SENAMHI, a particularly relevant trend (CEPLAN 2020b) is the masification of use of
internet in Peru. For instance, the population that used internet increased from 3.1% in 2000
to 52.5% in 2018, and this is expected to accelerate towards 2030. However, broadband
connectivity was still on the order of 7% in 2019, while mobile internet connectivity was 132%,
which means that personalized digital service and product delivery to the general population
would be largely done via their mobile phones in the next few years. Although science,
technology and innovation in Peru is generally weak, information and communication
technologies (ICT) and internet penetration provide an enormous opportunity for extending
information service delivery to a large fraction of the population, particularly via mobile
applications (currently only 0.03% of the population have downloaded the SENAMHI mobile
app).
The Observing System is expected to grow in diversity and comprehensiveness, as well as
efficiency, in response to increasing needs and increasing partner contributions. New
technologies are expected to result in high-quality data at lower costs, not only of the
instrumentation itself but also in the needs for maintenance. Increased connectivity, including
the implementation of the National Fiber Optic Backbone Network and increasingly available
satellite internet services, will allow for increasing the real-time availability of observational
data from the National Station Network. Also, more information will be increasingly available,
particularly model and satellite data from external providers in the context of the new WMO
Data Policy. Furthermore, the interaction with users will be more dynamical, forming part of a
community that contributes information that can enhance the services and products, e.g. with
photos, videos and comments, as well as data from low-cost instruments.
Increasing data volumes, particularly due to higher spatial and temporal resolutions, require
much more efficient processing, with optimized processes that are automated as much as
possible. This applies for instance, for observing station management, data quality control,
model output postprocessing and even the generation of reports, and machine
learning/artificial intelligence (ML/AI) is expected to be a central element.
Science will have a more pronounced role in the improvement and innovation in product and
services, as well as the optimization of operational processes. Automation can lead to loss of
expertise if the forecasters become disconnected from the generation process, so forecasters
and other operational personnel will require practical knowledge of ML/AI and stronger
research capacities, as well as strong collaborations with the scientific community, to critically
monitor and improve the automated systems. Very high-resolution modeling will demand
much higher computing capacities. In the case of unfrequent applications, such as research
and climate change scenarios, this could be done in the cloud, but for mission critical
applications such as short-term forecasting and warnings, cloud computing would be a
contingency measure.
Despite the changing global landscape, it seems unlikely that the business model of public
entities such as SENAMHI will change substantially, given the substantial resources required
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to maintain the provision of public goods such as the observational data, forecasts and
warnings. Innovation in governmental funding mechanisms that ensure their sustainability is
a priority. However, enhanced partnerships with the academic and private sector, national and
international, will be an increasingly important support for research and for operational
activities in limited contexts.

Q6.
In Peru, the national meteorological service and the hydrological service are both the same
institution, SENAMHI, which by law is responsible at the national level of monitoring, forecasts
and warnings. In the public sector, other entities produce information for their particular needs,
such as CORPAC for aeronautical meteorology, the Peruvian Navy for marine meteorology,
the National Water Authority (ANA) for water resource management. Although by Law No.
24031 the official use of such information requires explicit authorization by SENAMHI, the
centralization and processing of this information is currently in implementation in the context
of the National Station Registry (RENAMHI). In the case of meteorological and hydrological
warnings, SENAMHI is the only authorized agency.
The government of Peru organizes itself in National Systems for different issues. For instance,
SENAMHI participates in the National Disaster Risk Management System (SINAGERD),
which is directed by the Presidency of the Council of Ministers and includes the National Early
Warning Network (RNAT) that coordinates early warning activities, considering all hazards of
hydrometeorological origin, such as heavy rain, floods, debris flows, El Niño, agroclimatic
hazards, forest fires, etc. SENAMHI also participates in the National Water Resource
Management System under the direction of ANA and is its main provider of hydrological
information, although ANA is in the process of extending the hydrological monitoring network.
Most of the operational activities of SENAMHI are funded through the budgetary program
PP068 for disaster risk management of SINAGERD, while water resource management does
not have an explicit budgetary program and is funded through the agricultural sector. The
operation of the early warning systems that are currently being implemented in Peru, including
the first contributions to the National Meteorological Radar Network, will be sustained through
the PP068 program.
A minor component of the funding is channeled through the budgetary program PP096 for air
quality, under the Ministry of Environment, and provides limited support for the sustainability
of the air quality station network that SENAMHI operates only in the city of Lima. For fulfiling
its mission of monitoring and warning about hazardous air quality at the national level,
SENAMHI is establishing its National Station Registry (RENAMHI) that will incorporate the
third-party stations, including by local governments, and will centralize all of the associated
data.
Private companies can provide meteorological information and services to private users, for
which they use the information from SENAMHI and their own. In the past, data sales were an
important source of revenue for SENAMHI, but since the establishment of policies of open
data, the processed data in SENAMHI is now freely available online, although the certification
of data, if required, remains a paid service. With the establishment of the National Station
Registry (RENAMHI), automatic station data with preliminary quality control will be published
freely in near-real time. Registration of a station in RENAMHI will be a requisite to be eligible
for its data to be certified by SENAMHI for official use. Starting in 2021, the studies of
atmospheric dispersion of pollutants using numerical modeling required for the authorization
of economical activities require the technical approval of SENAMHI. Both registration in
RENAMHI and the approval of these studies are paid by the users, but these would cover
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minimally the actual expenses. In particular, the monitoring of the third-party stations
registered in RENAMHI to ensure continued compliance with the technical specifications and
its financing will be responsability of SENAMHI.
The budget of SENAMHI is primarily provided by the national government and is generally
lower than required, with a negative trend since 2020 associated with COVID-19. Fees paid
by users for services such as data certification, studies, technical assistance and others
amount to around 2-3% of the total budget. In 2021, a new service that is exclusively provided
by SENAMHI was established for the approval of studies of air pollution dispersion, which is
required for the approval of economic activities. Such services, that can be mandatory for
some users, is a mechanism that SENAMHI is just beginning to use by which the fees can
provide sustainability and growth of services that are currently provided in a limited fashion.

Q7.
Peru is a tropical country with diverse geography and climates, broadly consisting in a cold
and productive ocean, an arid and highly-populated coast, the Andes Mountains that contain
approximately 70% of the glaciers in the tropics, and the warm and humid Amazon forest.
Currently SENAMHI operates a network of around 600 conventional meteorological and
hydrological stations and 300 automatic stations, although the distribution is not homogenous,
with higher density in the coast and lowest in the Amazon.
Considering the need for high frequency station data, particularly for monitoring of extreme
events but also in the context of the likely approval of the WMO GBON specifications, the
conventional stations, which measure at three synoptic times in the case of meteorology and
twice a day in hydrology, will have to be complemented or replaced by automatic stations.
Although substantial progress has been made with the near real-time transmission of the data
from conventional stations using cellphone applications, the automatic stations still largely
transmit using the NOAA GOES satellite, which has a substantial delay that is not suitable for
early warning applications, so as wireless internet connectivity increases in the country, the
automatic stations would be switching to GPRS transmission or other. The completion of the
National Fiber Optic Backbone Network is an important opportunity for enhancing
connectivity.
In 2021, the Peruvian government initiated the implementation of early warning systems
(EWS) in the regions in the arid northern and central coast of Peru that were affected by the
severe rainfall, flooding and debris flows during the 2017 "coastal El Niño". In these systems,
the monitoring, forecasting and warnings component will be the responsibility of SENAMHI
and will include the first meteorological radars in our envisioned National Meteorological Radar
Network, as well as strengthening the processing capability at the regional and central offices.
The sustainability of the operation and maintenance of these systems is contemplated in the
national budgetary program PP068 for disaster risk management. Other EWS and are being
planned for other regions in the country. Particularly, in the largely inaccessible and sparsely
populated Amazon region, meteorological radars will close the monitoring gap for extreme
hydrometeorological event and water resource monitoring most efficiently.
The observing system has evolved, from the conventional station network, to incorporating
automatic stations in the early 2000s, including GOES satellite receivers and international
global numerical weather prediction model data. Soon, meteorological radars and lightning
detection systems will be incorporated in the OS, as well as third-party stations. The latter will
be formally incorporated into the observing system in the context of the ongoing
implementation of the National Meteorological, Hydrological, Agrometeorological and
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Atmospheric Watch Station Registry - RENAMHI, which will be the main tool for ensuring that
the stations, primarily automatic, comply with the regulations established by SENAMHI based
on WMO recommendations, as well as for centralizing their information in real-time, for their
free publication according to Peruvian legislation and transmission through the WMO
Information System. Registration in RENAMHI will be compulsory for government entities and
will be a requirement for any private entity that requires certification of their data by SENAMHI.
This will be an important way to enhance the coverage of the station network with no operation
and maintenance cost to SENAMHI, although it will remain responsible of supervising that the
technical requirements continue to be satisfied. Furthermore, relevant private and public
institutions, as well as station tenders, have manifested support of this initiative, including
oceanographic institutions that would share ocean variables, thus contributing to the
implementation of the Earth system approach of the new WMO data policy. The
implementation of RENAMHI will be accompanied by an overhaul of the information
management systems in SENAMHI, based on a business architecture design, with an
optimized database system, including metadata management and integration with
administrative information (e.g. inventory and human resources), which is needed to efficiently
manage the enhanced OS and supervise the third-pary providers.
The 2030+ vision for the observing system is integrated, multi-tier, multi-purpose, and
optimized. Given the current challenges for the sustainability of the current OS, a redesign
process has been initiated, that will leverage new technologies so that the OS to respond to
the diverse and emerging demands, but at the same time is more efficient for the generation
of observational products and services. Internal processes at SENAMHI are also being
optimized for efficiency and quality assurance and geographical presence in every department
of Peru, will allow more effective management of the OS. The OS redesign will be based on
the three-tiered structure in the vision for WIGOS and WIS 2.0. The reference tier will be
prioritized in terms of funding to ensure the quality and continuity of the information, which will
serve demanding applications such as climate change monitoring and the atmospheric watch,
while also providing relevant information for other areas, as well as serving as regional field
laboratories for testing other existing or new instrumentation. The rest of the existing OS will
correspond to the basic tier. New types of information will be incorporated into the integral tier,
particularly stations or sensors that do not necessarily satisfy the representativity or accuracy
required for the basic tier, as well as non-traditional data, e.g., images, videos, comments from
users. Machine learning/artificial intelligence (ML/AI) methods are starting to be developed in
collaboration with the academic sector for supporting the processing of the increasing amount
and diversity of data. International collaboration and technological transfer, particularly
promoted by WMO, is expected to accelerate this development.
At present, the operation and maintenance is challenging, primarily due to limited financial
resources provided by the government, which is by far the main contribution to the budget of
SENAMHI, particularly for personnel for taking the observations in conventional stations and
streamflow measurements, for the maintenance of both conventional and automatic stations,
and for laboratory work; for the replacement sensors and related instruments; and for the field
expenses, particularly considering that many stations are in remote locations, in some cases
inaccesible by land. Although the budget of SENAMHI has grown over the past few years due
to the importance the contribution of SENAMHI to disaster risk reduction, the budget remained
insufficient. With the pandemic, the trend reversed and the funding for the observing system
is in a critical situation. An additional recent problem is that changes in labor legislation impede
the replacement of observing personnel after retirement or resignation. Models such as
infrastructure- or observation-as-a-service are not currently seen as a feasible option for the
OS in Peru due to the much higher costs and the volatility of the annual budget, so SENAMHI
should maintain ownership and operate mission critical assets, i.e. the backbone of the OS,
and outsource for limited-time applications, for instance during an extreme climatic event that
exceeds current capacities, or for providing services to specific users. We believe that if users
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become more reliant on better and more diverse services, e.g., a reliable real-time information
stream on which the users build their own applications, products or services, as well as having
services exclusively offered by SENAMHI to be requirements by other government authorities,
their advocacy would help with the prioritization of funding for the OS by the government.

Q8.
Disaster risk reduction (DRR) is the main topic for which the government funds SENAMHI
through the budgetary program PP068. The main operational activities, particularly associated
with the observing system, monitoring, forecasting and even research and new services such
as those associated with agroclimatic risk, forest fires and others, are developed in this
context.
The Authority for the Reconstruction with Changes (ARCC) is responsible for the ongoing
implementation of hydrometeorological early warning systems (EWS) in regions affected by
the 2017 "Coastal El Niño", for which SENAMHI provides technical assisstance in the
framework of an agreement between the two entities, after which SENAMHI will receive the
associated monitoring and forecasting infrastructure. The implementation of EWS is generally
regulated by the Institute for Civil Defense (INDECI) through the National Early Warning
Network (RNAT), within which the interinstitutional coordinations have resulted in the
prioritization of interventions that could be funded through a special fund for DRR managed
by INDECI.
SENAMHI has historically close collaboration with the Ministry of Agriculture and a concrete
achievement was that the National Plan for Competitivity and Productivity includes the
implementation of Agroclimatic Management Platforms (PGA) as one of the policy measures
and more than 12 PGA are expected to be implemented by 2030. In this context, an
interinstitutional agreement was signed between SENAMHI, the National Agricultural Health
Service (SENASA) and the private Exporters Association (ADEX) to provide agroclimate
information services for improving competitivity and productivity. Such agreements could be
used to leverage some funding from the private sector.
Agreements with public entities also help develop new services that can be jointly provided,
like the case of the Ministry of Health and the National Institute of Health for the joint
development for research and climate services for health. Once such services are shown to
be valuable, it is necessary for mechanisms for sustainability to be established, such as the
possibility of funding to be transfered from the health sector to SENAMHI, which has to be
authorized by law.
A new service is being provided exclusively by SENAMHI since 2021 for the approval of
studies of air pollution dispersion modeling that are required by the competent authorities for
the approval of users' activities such as biomass burning or mining activities. This new service
establishes clear rules for such approval and ensures a timely response to the users, which
then expedites the approval of their activities, for a fee that allows SENAMHI to sustain this
service. The expansion of services exclusively provided by SENAMHI as the technical
authority that grants rights to the users are an opportunity to enhance the positioning of
SENAMHI and to secure funds.
Alliances with large international corporations that aim to integrate or strengthen
meteorological and hydrological services in their portfolio in developing countries is an
opportunity that has to be carefully developed, as it also contains potential threats. Such
corporations might have their brands well positioned internationally and have strong
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dissemination tools at their disposal, which NMHS struggle to achieve. However, they would
depend on access to the backbone information or products of the NMHS on which to build
their products. From the perspective of the users, however, this last aspect might not be
apparent, and it may produce the misguided impression that comparatively the NMHS do not
generate value. Thus, it is necessary that such asymmetric partnerships respect and protect
the roles of NMHS, specially with respect to warnings and the Observational System. WMO
should play the necessary role of providing guidelines and accompanying to NMHS in such
cases in order to ensure win-win relationships.
Research collaboration with the national academic community is primarily developed in joint
competitively-funded projects or through interinstitutional agreements. For instance, in 2021 a
nationally-funded applied research project lead by SENAMHI in collaboration with the Artificial
Intelligence Group of the Pontifical Catholic University of Peru (IA-PUCP) and the National
Institute for Glacier and Mountain Ecosystem Reseach (INAIGEM) is exploring machine
learning/artificial intelligence technique for innovating monitoring and forecasting processes of
SENAMHI, such as lightning nowcasting, NWP data postprocessing, quality control of
automatic weather station data, cloud type classification from images, as well as the testing of
low cost automatic weather stations built with 3D printing and open software/hardware.

Q9.
Considering the rapid technological changes and increasing needs and demands from the
users, for NMHNs to keep up or even anticipate the required innovations, it is necessary to
have international technical assistance and collaborations with support of organizations such
as WMO and other networks, as well as bilateral collaborations, particularly in developing
countries. In the case of SENAMHI, however, we aim more towards collaboration than
assistance, as we consider that the technical innovation itself is not the only goal, but also to
strengthen the national capacities to avoid creating dependence and that the results of the
collaborations can be further developed and expanded nationally, as well as to create new
innovations in response to the changing global context.
On the other hand, since weather and climate is global, it is important that the NMHS focuses
on those aspects in which they should be autonomous and in which they should rely on the
international community. For instance, it would be cost-ineffective for SENAMHI to implement
and maintain a global high-resolution numerical weather prediction model and, as the
increasingly high-resolution outputs from international modeling centers become available in
real-time, even the limited-area modeling might seem unnecessary as machine
learning/artificial intelligence approaches could be much more efficient (WMO, 2021).
However, it is important that SENAMHI strengthens its expertise in numerical modeling, not
only for critically assessing the internationally-provided outputs, but because regional models
could still be the only way to correct relevant global model biases. Particularly, despite
decades of improvements in physical schemes and higher resolution, global climate/Earth
system models maintain a strong wet bias in coastal Peru associated with the double ITCZ
syndrome, which can nonlinearly affect climate predictions, so regional modeling will likely be
a necessity for climate prediction and climate change scenarios in at least the next decade.
Furthermore, very high-resolution numerical models with radar data assimilation will be
needed for short time prediction of locally-initiated convective systems in the Peruvian Andes
for early warning purposes.
International projects for improving climate services in Peru (e.g. CLIMANDES,
Pachayachay/Pachayatiña) and the region (e.g. the upcoming BRAVA), with coordination
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support from WMO and international funding (e.g. Swiss SDG and EUROCLIMA+) are very
valuable for demonstrating how these services could work, but the upscaling and sustainability
of such initiatives requires establishing institutional and financial mechanisms at the national
level, including public-private partnerships, as in the case of the Agroclimatic Management
Platforms.
Collaboration, sharing of experiences and technical assistance in the context of the work of
WMO bodies, particularly the Technical Commissions, Research Board and the Working
Groups of the Regional Associations, or others such as IHP-UNESCO is also of great value.
In the context of the new WMO data policy, the GDPFS is expected to easily allow NMHS to
freely and readily access all of the model output data that could be relevant for generating
their own products, including through regional modeling, in a seamless fashion across timescales, from minutes to decades. In the case of decadal prediction and climate change
scenarios, the increasing availability of global Earth system model runs with higher resolutions
implies higher computing demands for the regional climate modeling efforts, which could be
alleviated through regional partnerships among neighboring countries and the WMO Regional
Climate Centers to coordinate and execute simulations for their territories that produce a more
comprehensive and efficient ensemble.
SENAMHI and its national partners, should be the scientific leaders on those issues that are
relevant to Peru but that the international community is not focused on. For example, the 2017
"Coastal El Niño" event, which corresponded to the original El Niño type as observed in 1891
and 1925, was not recognised as such at the time by the international community, including
WMO, but after incidence of Peruvian scientists in the international community, the "Coastal
El Niño is now being considered as part of ENSO diversity, e.g. in the recent AGU monograph
on "El Niño Southern Oscillation in a Changing Climate" (Chapter 4, Capotondi et al., 2021)
and the FAO document on ENSO effects on fisheries and aquaculture (Bertrand et al., 2020).
Yet, the need for enhancing the prediction skill for the "coastal El Niño" persists and it is
necessary that Peruvian scientists leverage the international community for this purpose,
taking advantage of the stronger focus of WCRP on regions and society. Long-standing
scientific collaborations between Peruvian research institutions and the French IRD is an
excellent example of this. Joint projects with international funding can be a powerful means
for this purpose, but it is essential that the Peruvian scientific counterpart has sufficient
"weight" to ensure that the national needs are properly attended to.

Q10.
NMHS provide the basic data and products on which private, academic, and other public
partners can build their own applications. The partners can in turn help with their own data, as
well as helping visibilize and advocating for the need to sustain the NMHS. The role of NMHS
as authority for issuing warnings needs to be protected for the sake of the citizenship. Private
actors in the weather enterprise can be much more effective in positioning their own products,
particularly large international corporations, which could give decision makers (including
governmental funding agencies) the misguided impression that the NMHS do not provide
valuable services, thus threatening their sustainability.
For SENAMHI, the approach towards the academic sector plays a preponderant role in
relation not only to achieving qualified human resources, but also to be able to promote and
support the development of undergraduate and postgraduate research in which the
hydrometeorological information generated provides knowledge and possibility of continuous
improvement in social and economic development, both locally, regionally, nationally and
internationally.
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We will seek the articulation of our professionals in the academic world not only for their
training and updates, but for themselves to support in the training of new generations of
scientists. This task has to be done at the local, regional, national and international level.
The formation of academic and business clusters will help us promote articulation and
participation in productive and economic development, generating technological innovation
that will be put at the service of different public and private sectors, both nationally and
internationally, generating sustainable business models and compatible with the environment.
For them it is essential, the strengthening of alliances, agreements, cooperation, participation
and collaboration, in the development of knowledge to generate strategies in the face of
climate change, which leads us towards a sustainability of socio-natural disasters, also
impacting food security, water security, energy security, productive security.
SENAMHI being part of the OMM and IHP-UNESCO, needs to strengthen our actions in these
organizations, not only accompanying the technical committees, but also promote our
presence through the articulation and integration in the development of shared knowledge that
helps to improve prevention.
Some possible actions around this component are identified below:
Academia
•
•
•
•
•

Support research at the undergraduate and graduate level in universities
Develop joint research with universities
Generate strategic alliances for the development of technologies
Develop agreements with universities for internships
Collaborate with the university in the transfer of knowledge

Public and private sector
•
•
•
•
•
•

Develop tailor-made climate services
Propose of public necessity the use of hydrometeorological information
Promote the development of investigations for payment of tribute
Develop business models to promote local, regional and national economic
development
Promote the formation of business clusters that use hydrometeorological information
Information dissemination workshops in companies

Society
•
•
•
•
•

Support the culture of prevention against socio-natural disasters
Disseminate and socialize scientific technical information in society
Promote social participation in local, regional and national hydrometeorological
monitoring
Generate a greater approach of SENAMHI to society
Incorporate rites and knowledge to improve service to society
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Q11.
The ongoing technological revolution centered on data implies new ways in which SENAMHI
will generate and deliver products and services. Large amount of data will require processing
to be converted into such products and services, which will require new skills. According to
the WMO whitepaper on the future of forecasting (2021), "many of the tasks performed
currently by a human forecaster are likely to be replaced by automated processes" and the
forecaster will play a larger role as a communicator. However, this misses the need for the
forecaster to remain an expert on those issues that are automated, so the forecasters need to
not only understand meteorology or hydrology, but also have a practical understanding of how
the AI/ML systems make their predictions. In fact, this is also true of numerical prediction
models, which may have biases that the forecasters must know.
SENAMHI's human resources must have a solid knowledge of atmospheric sciences,
hydrology, agrometeorology, environment and access specialized and continuous training that
allows them to stay updated in their areas of action, both for operational activities and for
investigation, but they must be able to handle methods and tools for the use and processing
of such information. They must be able to adapt to new technologies with the speed with which
they are updated, to generate information, process it and turn it into specific services at the
opportunity and in a personalized way for sectors and society.
On the other hand, according to the World Economic Forum (2020), the top 10 jobs with
increasing demand are:
1. Data Analysts and Scientists
2. AI and Machine Learning Specialists
3. Big Data Specialists
4. Digital Marketing and Strategy Specialists
5. Process Automation Specialists
6. Business Development Professionals
7. Digital Transformation Specialists
8. Information Security Analysts
9. Software and Applications Developers
10. Internet of Things Specialists
Of these, SENAMHI will need data analysists and scientists, AI/ML specialists, big data
specialists and process automation specialists in addition to the specialists specific to the
domain of SENAMHI. Thus, SENAMHI must become competitive enough to secure such
talent, work in partnerships with universities to develop and take advantage of the young
talent, and/or upskill existing personnel such as forecasters.
To ensure human resources in SENAMHI, the main threats that currently affect the retention
of good technicians and professionals should be evaluated and strategies that allow the
retention of suitable personnel, as well as recruit the best, should be generated.
To secure the human resources, it is necessary to generate the feeling of institutional identity
and commitment in relation to the important role they play in guaranteeing the provision of key
services and decision-making for the benefit of society. Institutional identity is achieved by
fostering opportunities for professional development, adequate remuneration, a work
environment based on meritocracy, stability and professional recognition. The implementation
of the new labor regime of the public servant (Law No. 30057) in SENAMHI in the next few
years is a great opportunity in this sense, although SENAMHI needs to explore and establish
other budgetary and regulatory strategies.
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The personnel should have the possibility of joining multidisciplinary teams that allow them to
identify the needs of the different types of public and private users, understand their demands
and build the required services with users.
On the other hand, the technical training acquired will promote innovation in each of
SENAMHI's technical areas, developing its own technologies adapted to the national and / or
local context.
The involvement of human resources on a rotating basis in the design, coordination and
execution of technical projects will allow greater spaces for the development of ideas and
interdisciplinary technical proposals, which will contribute to the continuous improvement of
the technical capacities of human resources and therefore Of the entity.
An important strategy is the strengthening of spaces and alliances with different sectors of the
national and international scope, which contributes to strengthening the talent in Senamhi:
•

•

•

The WMO Regional Training Center: SENAMHI, by being a member of WMO and
being an RTC component in Peru, accesses specialized courses provided by RTCs
globally. They also promote the exchange of experiences with professionals from other
meteorological services.
The universities / research institutes: They are the providers of the new human
resources that could be incorporated into the entity, which would have the new
competencies demanded. In the case of the National Agrarian University (UNALM), a
university that trains meteorologists and in recent years updated the syllabus of the
career, strengthening programming skills among other topics. They are partners for
the development of research and innovation initiatives in matters of competence of the
entity.
Public authorities: Financing of specialized technical studies, which serve as a
framework for the application of scientific knowledge for the benefit of a sectorial or
territorial public need

Next, specific measures are proposed, aimed at ensuring and empowering human talent in
the three stages of people management:
Talent Attraction: Aspect where SENAMHI becomes the reference organization for
professional development professional development, for which the following actions and / or
conditions are envisaged:
•
•
•
•
•
•
•
•

Positioning of SENAMHI in the fulfillment of its mission
Economic compensation according to the labor market
Training programs for undergraduate and postgraduate students with future job
opportunities for SENAMHI and its strategic actors
Boost to the Regional Training Center
Opportunity for international training activities
Incorporation in the educational curriculum of climate - environmental issues
Opportunity to access knowledge of innovative technologies - emerging
Opportunity to access stable employment

Talent Loyalty: Aspect where the work environment at SENAMHI promotes professional
progression in equal opportunities, for which the following actions and / or conditions are
envisaged:
•

Be part of a leading entity
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•
•
•
•

•
•
•
•
•

Promotion of the transition to the Civil Service labor regime
Promote working conditions with equal opportunities, which allows professional
development.
Promote the meritocracy of the civil servant
Adequate remuneration, constant training, constant visits, visits to other leading
meteorological centers, space for staff to present their ideas or research projects,
assessment of the work carried out by staff, strengthening the identification of staff with
the institution
Internal pay equity
Financial incentives for the researcher, in jobs outside the working day and
multidisciplinary teams
Support in the dissemination and publication of research
Promotion and recognition of the development of improvement actions
Adequate working environment

Talent Development: Aspect that seeks to generate the conditions to develop professional
potential in SENAMHI, for which the following actions and / or conditions are envisaged:
•
•
•
•
•
•
•

Intensify the people development plan to close gaps with emerging needs
Generation of new products and services to meet the diversified demand
Serving scientist: improvement of the economic compensation of position types of
researchers
Boost competitiveness
Rotating responsibilities in project management
Instrumentalize performance evaluation, associated with the improvement of
processes to promote the development of competencies.
Generation of spaces for staff to present their ideas or research projects, assessment
of the work carried out by staff, strengthening the identification of staff with the
institution

Q12.
By 2030+, the Earth system information, services and knowledge provided by SENAMHI are
fundamental, and are valued as such by the Peruvian society, authorities, and users in general
to make decisions, generate public and private services, and deepen their scientific knowledge
related with weather, water, climate and the atmospheric environment, contributing to their
well-being and the sustainable development of the country. SENAMHI is recognized by the
citizenship as the leader in meteorology, hydrology, agrometeorology, and the atmospheric
environment, with strong scientific and technical capabilities that responds rapidly to changing
needs and demands. Its personnel are committed to the institutional mission, are recognized
as experts and leaders in their fields, have competitively salaries, are permanently upskilled
and advance professionally based on merit and regard SENAMHI as an excellent workplace.
SENAMHI has presence in every region of the country and is committed to the fulfillment of
its mission to generate and provide knowledge and information products and services to the
Peruvian society in a timely and reliable manner, with quality assurance, operational efficiency,
a strong scientific basis and constant innovation, with effective interactions with the users,
ensuring accessibility and inclusivity, considering their diversity in culture, gender and others,
and leveraging partnerships with the academic, public and private sector, as well as
internationally, for continuous improvement, in a dynamical, complex and increasingly
interconnected global context, including increasing meteorological and hydrological hazards
with climate change.
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Tran Hong Thai
Permanent Representative of Viet Nam with WMO; Administrator, Viet Nam Meteorological
and Hydrological Administration (VNMHA); Vice-President, Regional Association II (Asia)

Q1.
According to Decision No. 03/2018/QD-TTg dated January 23, 2018, of the Prime Minister
promulgating the Decision defining the functions, tasks, rights and organizational structure of
the Viet Nam Meteorological and Hydrological Administration (VNMHA) under Viet Nam
Ministry of Natural Resources and Environment (MONRE).
VNMHA is an organization under MONRE, performing the function of advising and assisting
the Minister of Natural Resources and Environment in state management and law enforcement
on hydro-meteorology throughout the country, as well as managing and organizing public
service activities within the scope of the Administration's state management in accordance
with law.
VNMHA has advised the Government, the Prime Minister and MONRE to promulgate legal
documents regulating hydro-meteorological activities, to issue responses to the agencies,
organizations and individuals related to difficulties and inadequacies in the process of
implementing the law in the field of hydro-meteorology. In addition, VNMHA promulgates
documents guiding, inspecting and organizing the implementation of legal documents,
mechanisms, policies, strategies, plans, programs, projects, and tasks in the hydrometeorological services under the management of VNMHA.
According to the provisions of the Law on Hydro-meteorology 2015, hydro-meteorological
activities include the following fields: management and operation of the station network; hydrometeorological forecasting and warning; hydro-meteorological information and data; hydrometeorological services; climate change monitoring impacts on weather, in which:
- Contents of management and exploitation of hydro-meteorological station networks:
+ To formulate and submit to the Government, the Prime Minister and the Minister of Natural
Resources and Environment for promulgation legal documents providing for the management
and operation of the network of hydro-meteorological stations; development of Master plans
for the national network of hydro-meteorological stations; plans to develop the network of
specialized hydro-meteorological stations of ministries, branches and localities; hydrometeorological observation; establishment, relocation, dissolution of hydro-meteorological
stations; technical corridor of hydro-meteorological works; protection of hydro meteorological
works; survey of hydrometeorology; quality management, inspection and calibration of hydrometeorological measuring instruments.
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+ To guide and approve plans and monitor the implementation of hydro-meteorological
observation, investigation and survey activities; monitor the operation of hydrometeorological
stations at constructions required to observe and provide hydro-meteorological information
and data.
+ To appraise the hydro-meteorological components in planning and design of national key
construction investment projects in accordance with law, projects on building, renovation and
upgrading of hydro-meteorological constructions of the Ministry of Natural Resources and
Environment.
+ Providing guidelines for the construction and setting of landmarks on the technical corridor
of hydromet projects
+ Developing plans to protect hydromet constructions, corridors which are under the national
hydro-met network
- Hydro-meteorological forecasting and warning:
Forecasting and warning are the central tasks of hydro-meteorological agencies in all
countries, playing a particularly important role in economic and social activities, especially in
the prevention and against natural disasters. Currently, in addition to the national system of
hydro-meteorological forecasting and warning under the Viet Nam Meteorological and
Hydrological Administration (VNMHA), there are also hydro-meteorological forecasting and
warning activities of organizations and individuals that meet the capacity, expertise,
professional standards and conditions on appropriate facilities according to the item of the
license issued by the state agency. However, the Law also clearly stipulates that only natural
disaster forecast and warning bulletins of the national hydrometeorological forecasting, and
warning system can be officially used for national disaster prevention.
In addition, the responsibilities of the national hydro-meteorological forecast and warning
system in Clause 3, Article 24 of the 2015 Hydro-met Law as follows:
a. Issuing hydro-meteorological forecast and warning bulletins and hydro-meteorological
disaster forecast and warning bulletins nationwide;
b. Issuing marine hydrological forecast and warning bulletins according to the responsibility of
a WMO member;
c. Participating in hydro-meteorological forecast and warning activities and exchanging hydrometeorological forecast and warning information and products with other NM(H)s, regionally
and globally in accordance with law.
d. Receiving domestic and international hydro-meteorological information and data;
Transmitting and broadcasting Vietnam's hydro-meteorological information and data
internationally in accordance with treaties to which the Socialist Republic of Vietnam is is a
signatory;
đ. Providing, guiding the exploitation and use of information, data, forecasting products
prescribed in Clause 1, Article 27 of this Law.
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e. Development of radio, television and news broadcasts to accurately, fully and timely
disseminate hydro-meteorological forecast and warning information to the community in
accordance with this Law and the press law;
g. To comply with and regularly update technical regulations on, professional processes of,
and the regulations on hydro-meteorological forecast and warning;
h. Quality assessment of the hydro-meteorological forecast and warning;
i. Storage of hydro-meteorological forecast and warning information, data and bulletins.
- Hydro-meteorological information and data:
Hydrometeorological information and data are currently organized, exploited and used in the
following directions:
“Products of hydro-meteorological activities are classified into two categories: Public service
and natural disaster prevention are provided free of charge and widely disseminated,
specialized services shall be considered as circulating goods and must fulfill tax, charge and
fee obligations according to current regulations”.
- Hydro-meteorological services:
VNMHA implements the policy of socializing hydro-meteorological activities, recovering part
of the costs for the Vietnam hydro-meteorological activities for reinvestment, reducing
pressure on the state budget as well as encouraging organizations and individuals create
added chain value. These have brought increasing economic benefits from hydrometeorological information and data, and were institutionalized in the Law on Hydrometeorology 2015.

Q2.
1. The achievements
Hydro-meteorological activities have been present in Vietnam since 1891. The history
of Vietnam's hydro-meteorological service is determined from October 3, 1945 with the event
that President Ho Chi Minh signed and promulgated Decree No. 41 bringing the Department
of Hydro-meteorology and Phu Lien Astronomical Observatory are under the Ministry of Public
Works and Transport with the name Department of Meteorology, marking the historic event of
merging the Hydro-meteorological Department under the Government of the Democratic
Republic of Vietnam. In 1975, Vietnam became an official member of the World Meteorological
Organization (WMO) - a specialized agency of the United Nations.
Over the past 130 years, hydro-meteorological work has made an important
contribution to the construction and defense of the country. Today, with the continuous
operation of a network of 1613 hydro-meteorological stations and measurement points,
together with the efforts of more than 2,900 officials, civil servants, employees, Vietnam's
hydro-meteorological service has been participating effectively serving socio-economic
development, resource management and natural disaster prevention, ensuring national
defense and security. Qualification and capacity of Vietnam's hydro-meteorological service
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has approached the leading position in ASEAN. The important results of hydro-meteorological
work are as follows:
- The role of hydro-meteorological service in sustainable development, ensuring
national defense and security is increasingly strengthened: Hydro-meteorological information
and data play an important role and influence to 11/17 Sustainable development goals (SDG),
it’s also the "input" database of most industries, economic fields, and social life, especially for
disaster prevention. Hydro-meteorological information plays an important role in all three
stages of operation: prevention, response and recovery of consequences of natural
disasters.
In addition, hydro-meteorological service also plays a particularly crucial role,
contributing to ensuring national defense and security in different periods. Hydrometeorological information is always considered as one of the factors that are "timely",
decisive in contributing to important military victories. During the war years as well as today,
the hydro-meteorological network stations have been located in high mountainous areas,
gateway areas, key border areas and islands, helping to monitor continuously to ensure
national defense and security, such as: floating beach Huyen Tran, Truong Sa, Song Tu Tay,
Muong Te, Hoang Su Phi... At the same time, as the representative of Vietnam with WMO,
Viet Nam Meteorological and Hydrological Administration (VNMHA) under the Ministry of
Natural Resources and Environment (MONRE) has implemented obligations of WMO member
countries, proactively sharing data at Vietnam's Truong Sa and Hoang Sa meteorological
stations for international press distribution, reporting, and using legal charts and maps in
accordance with international law.
- The Communist Party of Vietnam guidelines and viewpoints and the system of
policies and laws on hydro-meteorology have been strengthened: The Communist Party of
Vietnam and State have promulgated many guidelines and policies with the aim of promoting
and improving the quality of hydro-meteorological activities. The system of policies and laws
on hydro-meteorology has been gradually strengthened, especially since 2015, after the
National Assembly passed the Law on Hydro-meteorology. Up to the present time, there are
59 legal documents with a scope of regulation directly related to the audit work.
- Deploying the state management, expertise and professional activities on hydrometeorology has achieved many important achievements: Hydro-meteorological information
and data have become an indispensable foundation for planning and implementing strategies,
planning, and development of socio-economic infrastructure. The organizational structure was
initially consolidated, the state management ensured its effectiveness and efficiency; quality
of staff is improved; products and services have gradually met the basic requirements of
society, step by step according to the needs of people and businesses; science and
technology are enhanced; international cooperation has been expanded, gradually deepened,
and substantially contributed to raising the country's position in the international arena.
The national network of hydro-meteorological stations has been paid attention and
invested by the Party and State. The reliability of meteorological forecasts and warnings has
been increasingly improved, typhoon and flood forecasting has gradually approached the level
of advanced countries in the region, forecasting some types of natural disasters with accuracy
up to 70-90%. WMO has selected the VNMHA as the Regional Forecasting Support Center
(RFSC Ha Noi) for Severe Weather Forecasting Programme in Southeast Asia (SWFPSeA)
and Southeast Asia Flash Flood Guidance System (SEAFFGS) for ASEAN.
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2. Future development orientation
a) Hydro-meteorological work is an important, regular, long-term, specific, interregional, inter-sectoral, cross-border task, which plays an important role in the cause of
national construction and defense, requiring the attention of all levels, sectors and the whole
society. Hydro-meteorological information and data is an important input for the realization of
goals and requirements for the development of socio-economic sectors and fields, ensuring
national defense and security as well as practically serve the people's daily life.
b) Developmental investment in hydro-meteorology, which should be carried out
synchronously and centrally, in conjunction with increasing state budget expenditures,
diversifying domestic and foreign capital investment sources for hydro-meteorological work;
and prioritizing the allocation of regular budget expenditures to ensure the rapid and stable
maintenance and operation of the national hydro-meteorological system.
c) The hydro-meteorological services are responsible for providing information and
data to serve the formulation of development strategies, master plans, natural disaster
prevention, and national defense and security; encourage, expand socialization, and create
all favorable conditions that attract organizations and individuals to participate in hydrometeorological activities, serve the needs of socio-economic development, and be connected
in a unified and synchronous manner with national and international hydro-meteorological
activities; promote effective cooperation between the state and the private sector to enhance
and improve the quality of hydro-meteorological work.
d) Completing the system of institutions, mechanisms and policies to improve the
effectiveness and efficiency of state management; developing high-quality human resources
with innovative and creative thinking, proactively updating and making effective use of the
achievements of the Industry 4.0.
dd) Modernize observation and information systems, enhance forecasting technology
capacity, and carry out digital transformation of hydro-meteorological tasks based on
synchronization, automation, and multi-objective integration; strengthen the potential of
science and technology, promote international cooperation, effectively exploit and selectively
apply the progressive results of hydro-meteorology in the world, contributing to the promotion
and development of the Vietnam hydro-meteorological services.

Q3.
Our data policy has been development under the Law on Hydro-meteorology 2015.
Hydro-meteorological monitoring information, data should be provided to national
hydro-meteorological forecasting and warning system and national hydro-meteorological
database as defined in article 29-article 34 in the Law.
- The Law regulates contents of hydro-met information and datathe ; Archive of hydrometeorological information and data; National hydro-meteorological database; Exploitation
and use of hydro-meteorological information and dat; and Climate change monitoring
database.
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Article 29. Contents of hydro-met information and data
i. Observation, investigation and survey information and data on hydro-meteorology
and air and water environment.
2. Hydro-meteorological information and data collected from foreign countries and
international agencies and organizations.
3. Satellite charts, maps and photos; films and photos on objects of hydrometeorological research.
4. Hydro-meteorological forecast and warning bulletins; hydro-meteorological situation
notices.
5. Technical records of hydro-meteorological stations, works and measuring
instmments.
6. Dossiers of grant, extension, invalidation and revocation of hydro-meteorological
forecast and warning activity licenses.
7. Results of scientific research, programs and projects on hydro-meteorology; weather
modification plans and results.
8. Legal documents and technical guidelines on hydro-meteorology.
Article 30. Archive of hydro-meteorological information and data
1. Hydro-meteorological information and data shall be preserved and archived for a
long term.
2. Archive of hydro-meteorological information and data is a specialized archive which
must comply with the law on archive.
3. Hydro-meteorological information and data prescribed in Clauses 1, 2 and 3, Article
29 of this Law shall be checked, classified and qualitatively assessed by state management
agencies in charge of hydro-meteorology before being put into archive.
4. Hydro-meteorological information and data classified as state secrets shall be
protected in accordance with the law on protection of state secrets.
5. The Ministry of Natural Resources and Environment shall organize archive and
preservation of hydro-meteorological information and data in accordance with law.
Article 31. National hydro-meteorological database
1. The national hydro-meteorological database is a collection of all information and
data prescribed in Article 29, and Clause 2, Article 34 of this Law nationwide, standardized
according to national standards and digitalized for updating, management and exploitation via
information technology systems.
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2. The Minister of Natural Resources and Enviromnent shall prescribe datasets and
standards and organize the building and management of the national hydro-meteorological
database.
Article 32. Exploitation and use of hydro-meteorological information and data
1. Agencies, organizations and individuals may exploit the national hydrometeorological database in accordance with this Law and relevant laws.
2. Hydro-meteorological information and data used in socio-economic development
programs, master plans, plans and projects must be of clear origin, provided and certified by
agencies, organizations and individuals prescribed in Article 39 of this Law, or provided from
the national hydro-meteorological database.
3. Competent state agencies shall, when appraising, verifying and assessing socioeconomic development programs, master plans, plans or projects using hydro-meteorological
information and data, appraise and verify the origin ofhydro-meteorological information and
data prescribed in Clause 2 of this Article.
4. Agencies, organizations and individuals exploiting hydro-meteorological information
and data shall pay charges in accordance with law, except the cases prescribed in Clause 5
of this Article.
5. State agencies may exploit for free hydro-meteorological information and data for
the following purposes:
a. Announcement in the mass media not for profit;
b. Support of natural disaster prevention and combat and assurance of national
defense and security;
c. Exchange with foreign countries and international organizations under treaties to
which the Socialist Republic of Vietnam is a contracting party;
d. Other purposes at the request of competent state agencies.
6. The Government shall detail this Article.
Article 34. Climate change monitoring database
1. The climate change monitoring database is a collection of all information and data
on climate change monitoring and a component of the national hydro-meteorological
database.
2. Contents of climate change monitoring information and data:
a. Hydro-meteorological information and data in the past and at present from the
observation at national and exclusive-use hydro-meteorological stations;
b. Information and data on impacts of hydro-meteorological disasters and climate
change on natural resources, the environment, eco-systems, living conditions and socioeconomic activities;
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c. Information and data on greenhouse gas emissions and socio-economic activities
related thereto;
d. Information and data from the observation of ozone, ozone layer protection and
management of ozone layer-depleting substances;
đ. The standard national climate set;
e. Results of assessment of national climate;
g. Climate change scenarios in different periods;
h. Technical records of climate change monitoring stations;
i. Results of scientific research, programs and projects on climate change monitoring;
k. Legal documents and technical guidelines on climate change monitoring.
3. Climate change monitoring information and data shall be archived, exploited and
used under Articles 30 and 32 of this Law.

Q4.
Vietnam meteorological and hydrological services have been playing an important role on
natural disaster risk reduction and contributing to national socio-economic development. One
of the goals of VNMHA in its development strategy 2021-2030 is to provide more products
with higher quality for natural disaster risk reduction and socio economic development
activities. In order to do that, the role of the administrator of VNMHA would change in the
future as follow:
•

•

The Administrator of VNMHA should get involved more in national socio-economic
developments planning. In fact, since early 2021, the Administrator has been assigned
by the government to be members in varios committees related to socio-economic
development planning.
The information of natural disaster forecasting and warning has been contributing
importantly to disaster risk reduction. However, the role of the NHMS was not paid
adequately attention in DRR. Previously, the sole member of Ministry of Natural
Resources and Environment (MONRE) in Central Steering Committee for Natural
Disaster Prevention and Control was a Vice Minister of MONRE. However, recently,
the government has recognized the important contribution of NHMS to the DRR,
hereby, the administrator of VNMHA has been assigned as member of the Central
Steering Committee of Natural Disaster Prevention and Control. In the future, the role
of VNHMA should be better recognized and enhanced in this Central Committee.

Q5.
In the coming years, in order to face the challenges of humanity such as climate change
and the development requirements of the 4.0 revolution adaptation, Vietnam will have to
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continue to make more efforts to meet the needs of socio-economic development and natural
disaster prevention, defense and security protection. In order to be more proactive in the
service of natural disaster prevention and control as well as modernize in the field of hydrometeorology, Vietnam will continue to implement the following principles:
- Institutional strengthening, capacity building, and implementation support
- Modernization of observation infrastructure and forecasting.
- Enhancement of the service delivery system.
- Continue to be proactive in international cooperation activities, making efforts to share
and contribute to the development of the hydro-meteorological community in the world.

Q6.
VNMHA will still be the management govermental organization on meteorolical and
hydrological service in Vietnam. Therefore, one of the most important task of VNHMA is to
provide public services on hydro-met. However, VNHMA will keep promoting the services for
socio-econmonic development.
- Public service: Part of the basic systems, including the national monitoring system, data
collection and correction, and hydro- meteorological forecasting, are usually "subsidized" by
the State for the entire operation, ensuring maintenance. and system development, meeting
the requirements of public service, prevention and mitigation of natural disasters, national
defense and security.
- Development service: the hydro-meteorological service part meets development needs,
including specialized needs, using products from the base system (international survey data,
model products, general forecast bulletins) to create individual products suitable for specific
audiences. This is the process of adding value to the general product. This activity, in addition
to the state's investment to perform assigned tasks, can be commercialized in many stages
and different types of services, in order to increase revenue for the State. Currently, according
to the provisions of the 2015 Law on Hydrometeorology, Chapter 6 provides for hydro-met
services. This chapter provides a legal framework aimed at creating mechanisms and policies
to attract organizations and individuals to participate in hydro-met activities; creating
conditions for public non-business organizations in hydrometeorology to carry out a number
of hydro-met service contents in order to recover part of the costs for the state's hydrometeorological activities for reinvestment, reducing pressure on the budget state, and at the
same time encourage organizations and individuals to create added value and bring more and
more economic benefits from the hydro-meteorological information and data. The nature of
the socialization of hydro-meteorological activities is to attract the contribution of resources
from all social classes in order to join hands and contribute together with state agencies and
organizations on hydrometeorology to carry out hydro-meteorological activities, prevent,
reduce natural disasters, protect community interests. However, due to the characteristics of
most of hydromet activities, it requires certain qualifications and skills, and must be trained at
specialized training institutions. Therefore, the socialization of hydro-meteorological activities
can only be done in a few simple tasks, mainly in the construction and exploitation of
specialized hydro-meteorological stations for economic and scientific organizations;
participate in monitoring some simple items for individuals.
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Q7.
For Vietnam, infrastructure development and the achievement of sustainable
development goals are always two parallel, vital, key and central factors in strategies,
programs and plans. the country's socio-economic development plan through development
stages; especially development of hydrometeorological infrastructure in a sustainable way.
Specifically, in order to modernize the hydrometeorological monitoring system, it is
necessary to develop a synchronous network of automatic monitoring stations for
hydrometeorology, rain, radiation, agriculture, and saltwater intrusion in the direction of
increasing the density of automatic stations by 70% compared to the existing number. Priority
should be given to development in the mountainous areas of the North and Central regions;
especially in areas prone to frequent storms, storm surges, flash floods, landslides, droughts,
and saltwater intrusion.
The NMHSs should/will adapt their operations to preserve the core public interest and
stimulate progress, recognizing emerging Infrastructure-as-a-Service including Observationas-a-Service and other services by the private sector.
In the future, beside the governmental investment, we are looking forward to more
involvement of the private sectors and other stakeholders than governmental organizations in
hydromet infrastructure development. The involvement of private sector and other
stakeholders could leverage the expansion of the hydroment observation networks and
providing more resources for maintenance of hydromet observation and infrastructure. The
partnership of pulic- private could make the sustainability of infrastructure

Q8.
VNMHA has strong and reliable relationship with ministries, agencies, provinces and
individuals, such as Vietnam Disaster Management Authorities, Ministry of Finance, Ministry
of Defense....
For the disaster prevention and control: VNMHA has strong and reliable relationship
with ministries, agencies, provinces and individuals, such as Vietnam Disaster Management
Authorities, Ministry of Finance, Ministry of Defense....VNMHA disseminates and provide
bulletin, information of disaster forecasting and warning to the Central Committee of natural
disasters prevention and control which include….. organizations when a disaster occurs.
For development activities; VNHMA has provided different weather and disaster
forecasting and warning products, hydro met information to various sectors.
Hydrometeorological information and data have become an indispensable foundation for
planning and implementing strategies, master plans, plans, and building socio-economic
infrastructure.
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Q9.
In the period of 2010-2020, Vietnam has actively strengthened international
cooperation activities in hydro-meteorology with multilateral, bilateral partners, and other
international organizations. With the support from international partners, VNMHA has
mobilized significant resources in terms of technology, finance, information exchange, and
staff training to develop and modernize hydrometeorological services for serving natural
disaster prevention, national defense and security, human-life protection, sustainable socioeconomic development as well as to establish its role in the region and globally.
In the coming years, to face the challenges of humanity such as climate change and
the development requirements of the 4.0 technological era, Vietnam will have to continuously
make more efforts to meet the needs of socio economic development, natural disaster
prevention. In order to be more proactive in natural disaster prevention and preparedness as
well as modernizing in the field of hydrometeorology, Vietnam would like to seek the need to
strengthen mobilizing and promoting public resources from organizations, enterprises, and
WMO’s members. Vietnam continuously wishes to receive assistance from WMO, WMO’s
Members, international organizations, and other partners in the period 2021 to 2030. Vietnam
is willing to share experience, knowledge and expertise to support other developing members,
especially RA-II Members, in order to contribute to the sustainable development of
international hydro-meteorology community.

Q10.
In the field of hydro-meteorology, it is advisable to cooperate in modernizing the hydrometeorological monitoring network, increasing the sharing and synchronization of hydrometeorological data for the purpose of forecasting and warning of natural disasters to ensure
inter-sectoral integrity. NMHSs coordinate with universities, research institutes on the
implementation of training and capacity development for forecasters and observers as well as
move towards digitizing all hydro-meteorological observations and allow private partners to
participate in the development and modernization of the hydro-meteorological services to
ensure that these goals comply with the principles of sustainable development set forth by the
Government. In addition, adcademic areas can supports the NHMs in development R&D to
create more useful and better products to improve the capacity of forecasting, data
transmission and processing and observation serve better the DRR and socio economic
development. Besides, NMHSs and the private and civil sectors could implement a variety of
business models, such as public-private partnerships, PPE, capital contributions,
concessional loans, etc. The final cooperation component is building service, institutional and
legal frameworks so that all parties can participate and contribute the roles and responsibilities
of each party when participating in the field of hydro-meteorology.
- The risks that may be encountered are the differences in the working environment,
qualifications, and technology between the parties. If this distance is too far apart, it will be
difficult for the receiving party to grasp and effectively promote what is shared from the
supplier.
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Q11.
- Promulgating a mechanism of remuneration, attracting talents, giving priority to the
development of a contingent of experts to meet the requirements of modernization and
international integration of the hydrometeorology sector; develop an adequate scholarship
policy to train hydrometeorological personnel in countries with advanced science and
technology; develop policies to attract and provide special treatment to hire the world's leading
experts and scientists in hydrometeorology to work in Vietnam. - Strengthening the capacity
of hydrometeorological training institutions, diversifying training types associated with
renovating programs, contents and methods in line with new technology development trends
and meteorological contents. advanced hydrology with high technology content; focus on
training in the use and exploitation of hydro-meteorological information in relevant industries;
develop plans for training, retraining and capacity building for officials in charge of state
management of hydrometeorology in the locality; focus on retraining and fostering capacity,
expertise, professional skills and labor skills for technical staff of the hydrometeorology sector.

Q12.
By 2030: The science and technology of VNMHA would reach the level of top countries on
hydrometerological services in Asia; be capable of providing adequate, reliable and timely
hydro-meteorological information and data to meet the requirements of socio-economic
development, natural disaster prevention, adaptation to climate change, ensuring national
defense and security; forming a service market, hydrometeorological technology serving multipurpose and multi-field.
By 2045: To develop Vietnam's hydrometeorology sector with the same level and capacity as
developed countries in the word.

148 | P a g e

Vladimir Tsirkunov
Lead specialist, Hydromet Program, Global Facility for Disaster Reduction and Recovery
(GFDRR), World Bank Group

Q3.
What we see in many developing countries is various forms of restricting free dissemination
of NMHSs data as a way to compensate government underfunding of NMHSs. In many
countries national legal acts or regulations require payments for basic weather, climate and
hydrological data available in NMHSs. This creates lose-lose situation: total NMHS income
from selling data is very low (usually below 3-5%) which does not help much to improve quality
of data and services, while many clients are trying to minimize use of hydromet data which is
necessary for their business, avoid buying NMHSs data (which is often of inadequate quality)
and building their own networks which often lead to ineffective use of resources on the national
level. Hopefully by 2030 all governments will recognize the national benefits of free and
unrestricted access to NMHSs public data and will provide sufficient financial, human and
technical resources to allow NMHS to fulfil one of this their main functions.

Q4.
The role of NMHS directors should be elevated in line with more challenging tasks they have
to address, representing not just NMHS but all national stakeholders dealing with weather,
climate and hydrology. In other words, directors should try to be leaders of national weather
enterprise representing public, private and academic interests of the sector.

Q5.
There are very significant and arguably accelerating changes in NMHSs business based on
the ongoing ICT revolution. Unfortunately, a bulk of NMHSs in developing countries are
notable to cope with these changes due to lack of financial, technical and human resources.
The remuneration system in most developing countries does not allow NMHS to hire and retain
sufficient amount (or in some cases, any) qualified ICT specialists, high-tech engineers and
research scientists. This creates conditions leading to increase of technological gap between
NMHSs in developed and developing countries. Without greater government attention to
NMHSs, elevation of NMHSs institutional status/visibility and increased resource allocation to
NMHSs, this gap will continue to grow leading to the reduction of NMHSs role in coming years.
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Q7.
This is another systemic challenge in developing countries’ NMHSs. The problem is that most
NMHSs in developing world are trying to follow the same development path which the
developed NMHSs managed to implement two-three decades ago by introducing automatic
observing, data communication and ICT systems. Directing their limited national or/and
available international investments to such modernization of basic infrastructure, most NMHSs
in developing countries are not aware of financial, technical and human requirements needed
for sustainable operation and maintenance of such systems. In most cases NMHSs can’t
comply with these requirements and as the result, most of these modernized systems are
poorly functional and short lived. NMHSs seeking partnerships with private sector and testing
new business models (infrastructure as a service and observations as a service) may help to
improve sustainability of their national infrastructure.

Q8.
There are multiple cases of NMHS interactions with government counterparts in agriculture,
transport, water resources management and irrigation and other sectors, most of which
consider NMHSs a source of information required for their public functions. In case NMHSs
are able to provide specialized services (transport safety, agromet advisories, etc.) sectoral
agencies may provide compensation for such services regulated by the government. In my
experience there were few cases when NMHSs in developing countries have business
relations with private sector. [Air traffic regulated by ICAO is a special case.] There are many
obstacles for such cooperation in developing world such as lack of developed private sector
in many countries, lack of financial resources in NMHS and in some cases, lack of NMHS
willingness to cooperate with private sector which is considered as a potential rival for their
business.

Q9.
There is considerable underexploited potential of regional and international cooperation.
Region VI may serve as the case to follow for other regions. There are promising
developments in South Asia within the South Asia Hydromet Forum supported by UK FCDO
and the World Bank.

Q10.
There any some opportunities for such cooperation particularly in more advanced developing
countries (for instance, outsourcing observation and ICT infrastructure to private companies;
provision of specialized services such as lightning detection, etc.). There are some
opportunities of co-production between NMHS and private sector of specialized services
which should be supported and expanded where feasible. Eliminating existing obstacles for
such cooperation and creating of enabling environmental for PPE will be necessary to expand
such opportunities. There are multiple risks of such cooperation as PPE arrangements are
new for both sides, can significantly vary and require specialized experience which is largely
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missing in developing countries. Piloting of small-scale PPE initiatives with the help of
development partners may help to reduce risk in the future. OCP and Global Weather Enter
Forum activities may also reduce such risks.

Q11.
This is one the most challenging areas for the future of NMHSs in the developing world. There
are very limited opportunities at NMHSs’ disposal to significantly improve the situation in
getting and retaining the work force matching high qualification requirements of the future
NMHSs. Some improvement can be reached by very proactive interactions between NMHSs
management and universities/academic institutions, but without available competitive
remuneration and modern technological environment (which is largely missing in NMHSs), the
prospects of growing and attracting talents are slim. Targeted government policies supported
by specialized funding should be developed to initiate improvement in this critical area.

Q12.
In my view there are high risks for NMHSs in developing countries of further lagging behind
their peers in developed world. Joint efforts of development partners led by WMO (such as
the Alliance for Hydromet Development), other global and regional initiatives aimed to
communicate and convince the governments of the growing significance of NMHS for fulfilling
their national public and international obligations are required.
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Louis W. Uccellini
Former Permanent Representative of the United States of America with WMO; Former
Assistant Administrator for Weather Services, National Oceanic and Atmospheric
Administration (NOAA), and Former Director, National Weather Service

Q1.
The United States National Weather Service (NWS) mission is to “Provide weather, water and
climate data, forecasts, warnings, and impact-based decision support services for the
protection of life and property and enhancement of the national economy.” NWS’ vision is “A
Weather-Ready Nation (WRN),” where society is prepared for and responds to weather, water,
and climate-dependent events.
NWS is proud to have one of the strongest observing and modeling capabilities in the world,
paired with accurate forecasts and warnings, and a robust dissemination infrastructure. NWS
provides data, forecasts and warnings on scales ranging from minutes to years which are
more accurate than was thought possible even a decade ago. As those forecast and warning
capabilities have rapidly advanced, it has become increasingly clear that the key to building a
Weather-Ready Nation is to realize the full intrinsic value of forecasts and warnings through
impact-based decision support services (IDSS). IDSS is defined as “The provision of relevant
information and interpretative services that enable partners to prepare for and respond to
extreme weather, water, and climate events for the protection of lives and livelihoods.” IDSS
and the physical presence of specialized staff with established relationships in local
communities is the lynchpin which connects NWS’ considerable science, technology,
warnings and forecasts to actions which influence public safety. It is at the local level, and
through complex intra-governmental coordination in the runup to extreme events where the
crucial decisions are made based on NWS data that influence the lives and livelihoods of
Americans. The United States’s decentralized democratic model means that in each state and
locality public safety authorities are organized differently, meaning there is no centralized or
one size fits all solution to decision support that could supplant this local presence.
New advanced computing, artificial intelligence, and cloud architectures will by design allow
for a trend towards automation and centralization of some parts of the forecast process. But
the opposite will be true for service delivery - as urbanization, societal shifts, and climate
change make high-impact extreme events more likely, it will be ever-more important that NWS
has specialists working with core partners within all government levels and within communities
to provide IDSS that are designed to influence decision making related to public safety and
mitigating property loss. As we have seen in the extreme rainfall and flooding events in the
summer of 2021 in the United States in the States of Tennessee, Louisiana, and New York,
and also in Germany and China, accurate forecasting without a societal and localgovernmental understanding of pending risks and needed action will not keep people out of
harms’ way. The need for IDSS as the appropriate decision-making levels is made all the more
important when climate change drives new weather, water, and climate extremes in areas
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where residents have no frame of reference to conceptualize the severity of a pending event
and related risks the magnitude of which they have never experienced before.

[Figure 1: Showing the two pieces of the hourglass which go into realizing the intrinsic value
of the NWS forecast]
NWS cannot realize the WRN vision alone; it requires cooperation and mutual support from
government entities at the tribal, local, state, and national levels, as well as from academic
institutions and private companies in the Weather, Water, and Climate Enterprise. Gaining
trust from these disparate stakeholders and building a practice of mutual respect and
coordination has taken time and effort. The job is not complete, but over the last decade, the
level of coordination and collaborative communication within the Enterprise and with decision
makers across the communities threatened in the run-up to extreme events such as hurricanes
or severe winter weather has increased. Through collaboration technologies such as “NWS
Chat” (NWS’ internal collaboration software for forecasters and external users), now broadcast
meteorologists, NWS specialists, private-sector companies, and emergency managers can
discuss pending events and impacts relevant to them, ensuring consistency and situational
awareness which saves lives. Maintaining this diverse ecosystem requires effort and
continuing refinement of the boundaries between all stakeholders. The benefit means the
whole is greater than the considerable sum of its parts: improved societal response to
forecasts and a greater number of tailored, effective products for commercial applications.
How NWS is Organized
The National Weather Service (NWS) is an agency of the United States Federal
Government that is tasked with providing weather forecasts, warnings of hazardous
weather, and other weather-related products to organizations and the public for the
purposes of protection, safety, and general information. It is a part of the National Oceanic
and Atmospheric Administration (NOAA) within the Department of Commerce and the
Executive Branch of the United States Government, NWS is headquartered in Silver Spring,
Maryland, within the Washington metropolitan area.
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The NWS performs its primary task through a collection of national and regional centers,
and 122 local Weather Forecast Offices (WFOs). Internally, NWS is organized into 6 budget
and program portfolios which cover the value chain of the forecast and service provision
process:
1. Observations
2. Central Processing
3. Analyze, Forecast, Support
4. Dissemination
5. Science and Technology Integration
6. Facilities
NWS coordinates weather, water, and climate modeling, forecasting, and prediction in
partnership with other offices within NOAA and across the military and civilian arms of the
U.S. Government focused on environmental science, services, monitoring, and regulation.
The primary legislative authority is the Weather Service Organic Act (15 U.S.C. § 313)
which assigns weather and meteorological reporting and forecasting responsibilities to the
Secretary of Commerce; as well as monitoring and recording climatic conditions.
A number of subsequent and notable legislative acts authorizing other NWS activities,
including tsunami warning, data collection and distribution, aviation weather, and water
forecasting among others, are noted in detail below. We have also included a subset of
relevant NOAA policies related to NWS activities in data sharing and partnerships.
A recent and critical piece of legislation for the National Weather Service that requires
mention in detail is the Weather Forecasting and Innovation Act of 2017 (15 U.S.C. Chapter
111). This Act was subsequently re-authorized in 2019. The Weather Act, as it is known, is
wide-reaching and visionary in the direction it sets for a weather enterprise of the future.
The Act tasked NOAA with making focused improvements in its observing, computing, and
forecasting enterprises, and challenged NOAA to build a community approach that would
harness the best of government, academia, and the private sector in advancing
environmental modeling. The Act saw the important linkage between effective weather
forecasts and the increasing need for effective subseasonal, seasonal, and beyond climate
services, and the importance of understanding the particular needs of specific communities,
including urban characteristics, while designing new predictive products.
Perhaps most importantly for the National Weather Service, the Act for the first time
authorized NWS to prioritize the provision of Impact-Based Decision Support Services
(IDSS) at every Weather Forecast Office through the placement of Warning Coordination
Meteorologists, unique NWS specialists responsible for liaising with and coordinating
support for local partners, the Emergency Management Community, and the public. The Act
called upon NWS to provide these services to partners at the National, State, Local and
Tribal levels. This was a critical acknowledgement that the job of the National Weather
Service does not end with the provision of a forecast and warning, but that NWS personnel
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must connect with decision makers at every governmental level, and especially at the local
level where all decisions are made with regards to public safety.

NWS Authorizing Legislation:
Weather Service Organic Act - 15 U.S.C. § 313
Weather and meteorological reporting/forecasting responsibilities assigned to the
Secretary of Commerce; as well as monitoring and recording climatic conditions.
Note to Weather Service Organic Act - 15 U.S.C. § 313
Purchase Atmospheric Wind Data - Pub. L. 101–595, title III, § 320, Nov. 16, 1990;
Hurricane Reconnaissance Program - Pub. L. 102–567, title I, § 107, Oct. 29, 1992;
Weather Service Modernization - Pub. L. 102–567, title VII, Oct. 29, 1992;
Study of Thunderstorms and Atmospheric Disturbances - Act June 16, 1948, ch.
483, 62 Stat. 470, as amended Oct. 19, 1980, Pub. L. 96–470, title I, § 103(b).
Weather Research and Forecasting Innovation - 15 U.S C. Chapter 111
Subchapter I—United States Weather Research and Forecasting Improvement - 15
U.S.C. §§ 8511 – 8521
Subchapter II —Weather Satellite and Data Innovation - 15 U.S.C. §§ 8531 – 8533
Subchapter III—Federal Weather Coordination - 15 U.S.C. §§ 8541 – 8550
Space Weather Authority - 15 U.S.C. § 1532
Authority to: conduct research on all telecommunications sciences, including wave
propagation and reception and conditions which affect such; prepare and issue
predictions of electromagnetic wave propagation conditions and warnings of
disturbances in such conditions; research and analysis in the general field of
telecommunications sciences in support of other Federal agencies; investigate
nonionizing electromagnetic radiation and its uses; compile, evaluate and
disseminate general scientific and technical data.
Cooperative Agreements to promote science and education - 15 U.S.C. § 1540
Authorizes Cooperative Agreements to promote scientific and educational activities
to foster public understanding of NOAA or its programs; and solicit private donations
to support such activities.
15 U.S.C. § 1540 note
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Authorizes cooperative agreements with the Joint and Cooperative Institutes as
designated by the Secretary of Commerce to use the personnel, services, or
facilities of such organizations for research, education, training, and outreach.
National Climate Program Act - 15 U.S.C. § 2901 et seq.
Authorizes a National Climate Program.
Global Change Research Act - 15 U.S.C. § 2931 et seq.
Authority for the development and coordination of a comprehensive and integrated
United States research program.
Land Remote Sensing Policy Act of 1992 - 15 U.S.C. § 5601 et seq.
Authority to license private (commercial) remote sensing satellite space systems.
Falsifying Weather (Criminal Statute) - 18 U.S.C. § 2074
Criminal Penalties for knowingly issuing or publishing counterfeit weather reports,
falsely representing such to have been issued by the NWS or U.S. Government.
Flood Control/River Forecasting Authority - 33 U.S.C. § 706
Authorizes agency expenditures in support of flood control, rivers and harbors and
related purposes, as well as for the establishment, operations, and maintenance by
the NWS of the Hydroclimatic Network (information service on precipitation, flood
forecasts and flood warnings.)
Survey Act - 33 U.S.C. § 883d and § 883e
33 U.S.C. § 883d - Authority to conduct investigations and research in geophysical
sciences.
33 U.S.C. § 883e - Authority to enter into cooperative agreements with, and to
receive/expend funds made available by State/Federal agency, as well as any public
or private organization or individuals.
Tsunami Warning and Education Act - 33 U.S.C. § 3201 et seq.
Authority to operate a Tsunami Forecasting and Warning Program.
Authority to establish Tsunami Warning Centers.
Authority to integrate the tsunami forecast system with other U.S. and global ocean
and coastal
observations systems, the global earth observing system, global seismic networks,
and the Advanced National Seismic System.
Authority to conduct a community-based Tsunami Hazard Mitigation Program;
maintain a Tsunami Research Program to develop detection, forecast,
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communications and mitigation science technology, including advanced data
collection analysis and assessment techniques; provide technical assistance and
training as part of a Global Tsunami Warning and Mitigation Network; and operate
an International Tsunami Information Center in cooperation with the IOC.
America COMPETES Act - 33 U.S.C. §§ 893, 893a & 893b
NOAA education authority. Authorizes establishment of a coordinated program of
ocean, coastal, Great Lakes, and atmospheric research and development in
collaboration with academic institutions and other non-governmental entities.
Further authorizes formal and informal educational activities to enhance public
awareness and understanding.
Meteorological Services to Support Aviation - 49 U.S.C. § 44720 and § 48105
49 U.S.C. § 44720 - Authority to provide and support international aviation
meteorological services. Programmatic authority to promote the safety and
efficiency of air navigation by making observations, measurements, and studies of
weather conditions, including storms and lightning strikes.
49 U.S.C. § 48105 - Reimbursement for Weather Reporting Services. Authority for
the Secretary of Transportation to reimburse the Secretary of Commerce for
meteorological services provided in support of aviation.
Relevant NOAA Policies:
•

NAO 216-112: NOAA Policy on Partnerships in the Provision of Environmental
Information.
•

NAO 212-15: Management of Environmental Data and Information

Q2.
The National Weather Service was founded in 1870 and celebrated its 150th birthday in 2020.
A more detailed description of NWS history can be found below, and a comprehensive timeline
of NWS activities, innovations and achievements is catalogued here.
NWS maintains the authority for providing watches and warnings of weather phenomena and
provides aviation weather forecasts for civil aviation as a service in agreement with the U.S.
Federal Aviation Administration (FAA). NWS meteorologists are also embedded in the FAA’s
national operations center, contributing constantly to the efficient use of the National Airspace
System.
As part of that partnership NWS maintains a network of terrestrial weather stations and
weather radars across the country and provides information from these networks freely and
openly to all. NWS also provides free and open access to all of its other surface, marine, and
satellite-based observations collected as well as forecast products and model outputs itself or
via other NOAA offices. Historical data is archived as part of the NOAA National Centers for
Environmental Information (NCEI) and is available by request.
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NWS is unique in that it resides within NOAA, an organization whose vision of “Science,
Service, and Stewardship” encompasses a mission to “understand and predict changes in
climate, weather, oceans, and coasts, to share that knowledge and information with others,
and to conserve and manage coastal and marine ecosystems and resources.” Incorporating
NWS into an environmental intelligence organization whose remit stretches from the surface
of the sun to the depths of the ocean means NWS contributes to and benefits from a
multidisciplinary earth systems approach to environmental prediction. NWS benefits from
advances in coastal, ocean, and climate science in other NOAA line offices, and can contribute
its widely-distributed observation network, modeling capacity, and local presence for service
delivery. As NWS transitions to a coupled weather-water-climate continuum of services, the
“One NOAA” approach becomes ever more important.
Since its inception as the weather Signal Service within the U.S. Army Signal Service “for the
benefit of commerce”, NWS and its predecessor organizations understood that weather
prediction services benefit public safety and enhance the national economy. NWS approaches
these dual roles by providing broad forecasts, warnings, and related information geared
towards maintaining public safety and coordinating with the weather, water, and climate
industry, academic institutions, and other federal agencies collectively known as the “Weather
Enterprise” who develop and provided more tailored products and services for commercial
and private use based wholly or in part on NOAA foundational data and products.
The history of the National Weather Service since its founding in 1870 and its evolution to go
beyond forecasts and warnings to provide IDSS to core partners in the public safety arena to
build a Weather Ready Nation is covered in the recent article by Uccellini and Ten Hoeve in
the Bureau of the American Meteorological Society, and not covered here.

Q3.
NWS data provision policies adhere to NOAA Administrative Order 212-15: Management of
Environmental Data and Information, which directs the organization, stewardship, and
management of environmental observations, products, and services. NOAA maintains a policy
of free and open access to environmental information in accordance with WMO and GEO
resolutions.
Community Development: EPIC and UFS
As outlined in the Weather Forecasting and Improvement Act of 2017, NWS is moving towards
a community-development strategy for environmental modeling. The Weather Forecast and
Improvement Act Reauthorization as part of the The National Integrated Drought Information
System Reauthorization Act of 2018 instructs NOAA to establish the Earth Prediction
Innovation Center (EPIC) to accelerate community-developed scientific and technological
enhancements into the operational applications for numerical weather prediction (NWP).
EPIC will advance weather modeling skill, reclaiming and maintaining international leadership
in the area of Numerical Weather Prediction, and improving Research to Operations (R2O)
by:
•

Leveraging the weather enterprise to provide expertise on removing barriers to
improving NWP;
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•

Enabling scientists and engineers to effectively collaborate in areas important
for improving operational global NWP skill, including model development, data
assimilation techniques, system architecture integration, and computational
efficiencies;
•

Strengthening NOAA’s ability to undertake research projects in pursuit of
substantial advancements in weather forecast skill;
•

Utilizing and leveraging existing resources across NOAA’s enterprise; and

•

Creating a community global weather research modeling system.

•

Provide a portal that facilitates the connectivity with the larger research and
technology community in order to optimize the R2O process directed toward
improving the operational weather modeling system.
EPIC supports the Unified Forecast System (UFS), a community-based, coupled,
comprehensive Earth modeling system. The UFS numerical applications span local to global
domains and predictive time scales from sub-hourly analyses to seasonal predictions. UFS is
designed to support the Weather Enterprise and to be the easy to access source code for the
model forecast system for NOAA's operational numerical weather prediction applications.
Other Notable Data Laws, Regulations and Policies:
•

The Foundations for Evidence-Based Policymaking Act of 2018 calls upon
government agencies to use data and evidence to make decisions on policies or
actions affecting Americans.
•

The Open Government Data Act of 2017 sets a presumption that all
government data will be free and openly available and machine-readable.

•

The NOAA Big Data Program (BDP) provides public access to NOAA's open
data on commercial cloud platforms through public-private partnerships. These
partnerships remove obstacles to the public use of NOAA data, help avoid costs
and risks associated with federal data access services, and leverage operational
public-private partnerships with the cloud computing and information services
industries.

Q4.
NWS Director as an Enterprise Leader
Currently the NWS Director leads the National Weather Service, and supports crossgovernmental coordination of meteorological services through support of the Interagency
Council for Advancing Meteorological Services (ICAMS). As leader of the foundational
observing, modeling, and dissemination infrastructure for the United States, the NWS
Director plays a key role in providing thought leadership to the entire governmentalacademic-private Weather, Water, and Climate Enterprise and guiding the further
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development of the sector to the benefit of the United States and its economy. The NWS
Director, through NWS, does not have any formal regulatory responsibilities.
The NWS director has a mandate to serve all with weather, water, and climate data,
products and services but has no regulatory or enforcement authority for the provision of
such services by other entities. This limits the Directors’ influence on meteorological
activities outside NWS; the Director must use policy direction, NWS-centric investment
decisions, and targeted engagement in the broad community to influence the overall
weather and climate enterprise. The lack of regulatory power by the NWS Director has
not hindered the development of the US Weather, Water and Climate Enterprise in the
past; in fact it may be a reason for the U.S. sector’s resilience and growth. NOAA has
grounded its interaction with the public, private, and academic partners through the
development and refinement of a Partnership Policy that outlines how NOAA benefits from
the contributions of public, private, and academic entities in the provision of environmental
information, and that NOAA has a responsibility to ensure the stable growth of that sector
when planning and executing its mission. This policy provides clarity on ‘rules of the road’
in these interactions, and when paired with constant outreach to enterprise partners from
NWS, has resulted in remarkable increases in the diversity and capability of private and
academic environmental information observing and forecasting capabilities in the United
States.
The role of the NWS Director as a leader and participant in Weather, Water, and Climate
Enterprise must continue to evolve and grow. The interdependency between NWS and
the Enterprise must increase as societal need diversifies and increases the demand signal
for data and forecast products and services that meet a wide and diverse set of community
needs. Using its Partnership Policy, NWS has been successful in addressing this
interdependency as a ‘frontier’ that continues to move as capability among enterprise
participants increases along with new market opportunities.
As this frontier continues to move, future NWS Directors may also need to revise their
engagement strategy to match, and revisit the NWS Partnership Policy. The NWS and US
Government may need to consider strengthening or augmenting coordinating and
consulting capabilities to NWS to ensure a broad view of enterprise, and add to NWS
mission more explicit focus on serving public safety requirements as a function of national
resilience and security. As the nation continues to face extreme weather, water, and
climate events, NWS must use existing and expanded mandates to cultivate a strong
environmental information and services sector to complement NWS and national efforts,
and which can provide a basis for the growing public, private and academic enterprise.
This would be a logical evolution of the current strategy, especially as NWS resides within
The U.S. Department of Commerce whose goal is growing the US economy.
Moving forward, the NWS Director must be increasingly aware of the evolving capabilities
and needs of the private and academic sector of the Enterprise when making investment,
R&D, and policy decisions for NWS: NWS-centric decisions on what technologies to
develop, which products or applications to emphasize for which populations, or what types
of modeling approaches to adopt have significant downstream impacts.
The Era of IDSS and Building a Weather-Ready Nation:
As NWS has shifted to its strategic vision of Building a Weather-Ready Nation, the role of
the NWS Director has evolved to focus on maintaining progress towards this significant
transformation. This emphasis should continue. This may involve increasing resources on
research and development, as well as social and behavioral science, and closer
collaboration with academic and private-sector partners to understand and plan for
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meeting societal needs. NOAA, with direction from the Biden Administration, is placing
renewed emphasis on addressing the climate crisis and on social equity. For NWS, this
means moving forward on developing new and enhanced climate forecasts and services
on timelines ranging from nowcasting to seasonal, subseasonal, and beyond. It also
means understanding the reach of our products and services, and adapting them to
ensure we are serving all Americans, in particular those in vulnerable, minority, or
disadvantaged populations who may have been overlooked in the past. A full
transformation to go beyond the provision of forecasts and warnings to providing IDSS to
core partners in public safety and national security will require the NWS to evolve as an
organization. It will require the NWS to move toward a more customer-centric service
delivery model through changes to NWS operations, systems, workflows, culture, and
workforce skill sets, all rooted in sound science and engineering. The transformation will
also require building and sustaining relationships with key governmental partners in
emergency management, water resource management, and public safety and serving
their needs through accurate and consistent forecasts and warnings across all levels of
the organization.

Q5.
We are in an era of rapidly-improving forecast and modeling capabilities paired with a
commensurate increase in the demand for actionable forecast information by the public
and businesses. In addition to managing these increases, the most important element of
operations over the last ten years has been internalizing that the forecaster’s job does not
end with the model guidance or the issuance of a forecast or warning. A forecaster’s job
ends when people make decisions based on the information and recommendations they
provide. In order to realize its mission of protecting lives and property, NWS must work
with public safety decision makers at every level of government to provide effective
impact-based decision support services tailored to the needs of the community. Beyond
the immediate decision-support services, NWS must collaborate with its partners in
government, as well as partners in the public-private Weather, Water, and Climate
Enterprise, to ensure communities are ready and responsive to extreme events through
preparedness and resilience activities. Building these ongoing partnerships,
understanding communities, and building resilience will be the most important aspects of
NWS’ job in the coming years.
Recent decades have seen massive improvements in modeling capabilities, computing,
observing technologies and communications technologies. These technological
advances, in concert with commensurate advances in the Earth Sciences, have driven
considerable forecast improvements. For example, over the past 30 years for hurricane
forecasts, the 24-72 hour track forecast errors have been reduced by 70 to 75%. Track
forecast error reductions of about 60% have occurred over the past 15 to 20 years for the
96- and 120-hour forecast periods. This means that the track error now at 72 hours is as
accurate as it was at 48 hours about a decade ago, giving the public another day of
actionable forecast information. This improvement in foresight has driven an explosion in
the economic value of forecasts: with accurate forecasts coming days earlier, agriculture,
aviation, terrestrial shipping, maritime commerce, and numerous other sectors can plan
their activities to mitigate anticipated weather impacts where only years ago commerce
would have to halt or weather-related damages would bring significant and costly delays.
Increasingly-accurate tropical weather forecasts improve the ability to plan evacuations of
vulnerable cities, saving lives. Equally importantly, those accurate hurricane forecasts
indicate which areas do not need to evacuate, saving millions of dollars in avoided
evacuation costs and keeping citizens off the roads. Accuracy and innovation are driving
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new applications and improving safety but commensurate investments in improving
service delivery and societal response are still catching up.
Moving forward, the demand for high resolution, high confidence weather, water, and
climate information across multiple timescales for both public and private applications will
continue to increase. Corporations, their shareholders and their regulators will
increasingly demand information on sensitivity of business models to climate/weather
events. This will generate high demand for more accurate information. This will spur new
questions about the role of the public vs private sector - who has the responsibility for
providing authoritative weather, water, and climate information for commercial risk
exposure? On shorter timescales, rapidly-advancing high-bandwidth communications
systems (i.e. 5G and beyond) and cheaper observing systems will drive micro-scale
weather forecasting capabilities - imagine automobiles communicating with one another
down a highway about incoming precipitation. The capabilities for weather forecasting will
expand into new industrial sectors, spur innovation, and change the position of publicsector weather services. While the private sector is unlikely to obviate the need for public
sector weather services, the integration and symbiosis between these sectors will become
more complex, and put increasing pressure on all Weather, Water, and Climate Enterprise
members to deliver the information needed for the future.
These increasing demands will come when forecasters grapple with predicting a changing
climate. Predictability is more difficult when the baseline climate is rapidly changing, as is
happening with climate change. Extreme rainfall, hurricanes with rapid intensification
quickly moving forest fires - these are all forecast challenges. What makes this even more
challenging is that these changes to the physical environment are not in line with current
structures/processes in our social and built environment. Cities need MORE time to
evacuate as populations grow, but hurricanes can more quickly intensify. Wildfires are
now burning hotter and moving faster as drought and rainfall patterns change, while the
demand for affordable housing is pushing construction into the wildlife-urban interface
(WUI) which also acts to increase the vulnerability of communities to wildfires. Climate
changes are altering where crops can grow or fish are caught, but human populations
cannot move en masse on such short timescales, location and timing of extreme rainfall
is difficult to predict, leaving few options for those impacted. These societal impacts from
a changing climate will likely have an equal or larger impact on the operations of the future
National Weather Service than technological advancements.
In February 2020 NOAA announced a significant upgrade to computing capacity, storage
space, and interconnect speed of its Weather and Climate Operational Supercomputing
System (WCOSS). The upgraded system is expected to be operational and ready to
implement model upgrades by early 2022. The increase in high-performance computing
will triple the capacity and double the storage and interconnect speed, allowing NOAA to
unlock possibilities for better forecast model guidance through higher-resolution and more
comprehensive Earth-system models, using larger ensembles, advanced physics, and
improved data assimilation.
The new computers will provide operational capacity to implement research and
development advancements made under NOAA’s emerging Earth Prediction Innovation
Center (EPIC) to make the U.S. Global Forecast System the best model in the world. EPIC
is a joint effort across the Weather Enterprise to advance operational modeling skill by
making it easier for developers across all sectors to collaborate on improving the nation’s
weather and climate models. This approach leverages combined skills and resources, and
lowers barriers for interaction and shared ideas through the use of cloud computing and
a community modeling approach called the Unified Forecast System.
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Q6.
Resources:
NWS 2018 IDSS Service Description Document (SDD)

The National Weather Service is completely funded by the U.S. government. We do not think
in terms of revenue or business model, but rather a service model. Our goal is to protect lives
and property by providing weather information in a timely manner such that people and
organizations can take preventive action. We refer to this concept of empowered, prepared
communities as “Weather-Ready Nation” and we refer to the information we share with
emergency managers and other key stakeholders as “Impact-Based Decision Support
Services” (IDSS).
The prospects for the future of the NWS “business” model are excellent. NWS IDSS provided
for federal, state, local, tribal, and territorial governments is essential to meet our mission to
save lives and property. This is an inherently governmental function and NWS is positioned
and supported by Congress to continue providing weather, water, and climate forecasts and
warnings, and Decision Support Services, for the protection of life and property and
enhancement of the national economy.
NWS provides weather, water, and climate data, forecasts, warnings and impact-based
decision support services for the protection of life and property and enhancement of the
national economy. NWS data and products form a national information database and
infrastructure which can be used by other governmental agencies, the private sector, the
public, and the global community. However, the NWS cannot complete its mission alone and
works closely with other government agencies to continue to advance science and service
delivery. The NWS is a Line Office within the National Oceanic and Atmospheric
Administration (NOAA) within the US Department of Commerce. NOAA Line Offices work
together to support NOAA’s mission to understand and predict changes in climate, weather,
oceans and coasts and to share that knowledge and information with others.
NOAA’s Oceanic and Atmospheric Research (OAR) provides the research foundation for
understanding the complex systems that support our planet. Working in partnership with other
parts of NOAA, OAR enables better forecasts, earlier warnings for natural disasters, and a
greater understanding of the Earth. Our role is to provide unbiased science to better manage
the environment, nationally, and globally. OAR’s Weather Program Office’s (WPO) Programs
work closely with the NWS to develop and transition weather research to improve knowledge
about tropical cyclones, severe storms, extreme precipitation, air pollution, and social science,
and to integrate weather, water, and climate forecasting and mitigation. OAR Laboratories
conduct an integrated program of research, technology development, and services to improve
the understanding of Earth's atmosphere, oceans and inland waters, and to describe and
predict changes occurring to them. The laboratories have established formal collaborative
agreements with universities/non-profit research institutions to form joint research institutes
that are centers of scientific excellence pertaining to the earth's oceans, inland waters,
intermountain west, atmosphere, and arctic environment.
NOAA’s National Environmental Satellite, Data, and Information Service (NESDIS) provides
timely access to global environmental data from satellites and other sources to monitor and
understand our dynamic Earth. NESDIS manages the Nation's operational environmental
satellites and delivers data and information services such as Earth system monitoring and
official assessments of the environment. 95% of the data used in weather forecasting models
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comes from satellites. NESDIS operates the Nation’s weather satellites around the clock, 365
days a year. NESDIS also maintains international data-sharing agreements that provide the
U.S. with access to global data. NESDIS is home to the National Centers for Environmental
Information (NCEI), the Nation’s leading authority for environmental data. NCEI manages one
of the largest archives of atmospheric, coastal, geophysical, and oceanic research in the world
and NCEI products include climate data and monitoring.

Q7.
NWS infrastructure consists of observing systems with terrestrial, marine, space-based
and airborne components, terrestrial, satellite, and cloud-based dissemination systems
for data and products, cloud-based and “hard iron” owned and leased supercomputing,
150+ offices serving communities from Puerto Rico to Guam, and 4,300+ highly-trained
scientists, communicators, and administrators. This holistic system is essential for NWS
realizing its life-saving mission. This infrastructure was built over decades with
considerable public investment and is the most comprehensive environmental modeling
and predicting infrastructure in the world. NWS maintains some of this infrastructure itself,
and other parts, such as the weather satellites and airborne observing platforms, are
maintained by other NOAA line offices and other US and foreign governments (i.e.
environmental and meteorological satellite observations). NWS purchases a subset of the
data it requires from private companies. Currently this includes from Mesonet terrestrial
observing systems, airborne instruments placed on airliners, marine observations on
commercial ships, and some satellite atmospheric sounding data via NOAA’s
Environmental Satellite, Data, and Information Service (NESDIS).
As these interlocking systems age, reinvestment and recapitalization is a significant cost
and mission risk. NOAA line offices set multi-decade development and investment plans
to ensure continuity of observations. For NWS-maintained systems such as the NextGeneration Weather Radar System (NEXRAD) the Automated Surface Observing System
(ASOS), and coastal, ocean, and tsunami-warning buoy arrays, NWS builds investment
profiles stretching into future decades to ensure parts availability and funding for repairs
as individual systems begin to age or degrade.
For computing and dissemination systems, NWS uses systems engineering principles to
determine requirements, scope system capabilities, and then determine how to build or
acquire necessary capabilities. For example, NWS now leases computing capacity from
private vendors for modeling and high-volume processing requirements - this gives NWS
the best mix of high reliability, competitive cost and advancing computing speeds. NWS
is moving its legacy data dissemination systems from single-point of failure server farms
run close to original in-house development teams to a mix of public and private cloud
architecture running a mix of in-house software and commercial off the shelf systems,
designed to provide enhanced access to users with full backup and high reliability. This
change matches a shift within the telecommunications providers NWS works with from
legacy analog copper communications lines to digital, internet-based and cloud-based
high-bandwidth systems. NWS will continue to pursue a strategy of building and buying
computing and dissemination infrastructure to ensure high security and high reliability
while enjoying the technological and cost advantages of commercial options when
appropriate.
For the foreseeable future NWS will continue to maintain its large terrestrial and marine
observing systems since there are no other organizations which operate systems with the
required observing capacity or geographic reach. Some observing technologies, including
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satellite-based observations and local or hyper-local (i.e. mobile phone) environmental
monitoring technologies will continue to advance in capability and affordability. They have
the potential to help advance current weather, water, and climate forecasting capabilities.
NOAA will continue to monitor this sector for candidates to augment or replace current
observing systems. The main considerations for whether NOAA will acquire new private
observing capabilities will be cost, whether they meet an established requirement,
whether they meet standards for quality, timeliness, and reliability, and whether data
access and sharing fits with NOAA’s needs.

The challenges of maintaining the observing, computing, and dissemination
infrastructures are linked. These capabilities are interdependent and have separate
timelines for development and refresh but when revising one part of the system the other
components must be taken into account, including how future capabilities may need to be
accommodated. Computing and dissemination systems are being planned to anticipate
rapidly-increasing volumes of observing data to come from environmental satellites. For
example, the Advanced Baseline Imager on the current GOES-R series of geostationary
satellites collects three times more data and provides four times better resolution and
more than five times faster coverage than previous GOES imagers. NOAA anticipates that
observations will continue to increase in number and volume in current years.
As the capability of the private sector advances, NWS will need to constantly balance what
services it provides (i.e. observations, modeling, software, etc) and which ones it can
purchase, or rely on other Enterprise participants to provide in complement to NWS. NWS
must not cede the responsibility for providing accurate and timely forecasts and warnings
to all Americans - no other organization has the mandate, the infrastructure, the
geographic reach or the funding to equitably serve every locality in the US. Accordingly,
NWS must maintain the personnel, the geographic footprint, the technical capability, and
the scientific capacity to meet its core mission moving into the future. NWS can stimulate
the growth of the private weather, water, and climate sector through being transparent
about its future observing, computing and modeling requirements and acquisition
timelines to ensure private sector actors can invest in developing capabilities that meet
NWS requirements. NWS then benefits from advancing capabilities developed externally
which meet NWS budget, timelines and requirements. Private sector entities are then also
able to leverage those investments to produce additional value-added products and
services which go beyond NWS’ mission and can add value to the economy. NWS can
share its development activities with the community as much as possible. An example of
this approach is the Earth Prediction Innovation Center (EPIC), which provides the
community access to weather model development. NWS will leverage the innovation of
the entire weather modelling community on improving its next-generation environmental
model, and the community will be able to leverage that collective effort for value-added
products and services alongside the core NWS mission.
In the United States, this model of partnership within the Weather, Water and Climate
Enterprise has been successful, and NWS enjoys robust support from members of the
Enterprise for its mission and for further investments in the support of its core
infrastructure.
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Q8.
NWS Partnership Strategy
The United States has benefited from a thriving weather services industry since the late 1940s,
delivering forecasts and alerts integrated with business-relevant data sources to provide
value-added information to a variety of sectors including the agriculture, energy, retail,
transportation, and financial sectors, and supported by foundational observations, data,
forecasts, and warnings provided by NOAA and the NWS. Over the last decade, the industry
has entered all aspects of the weather, water, and climate value chain including observations,
data analysis, environmental modeling, and service delivery, and is now valued at ∼$10 billion
and growing 10%–15% annually (NWS 2017a, Uccellini and Ten Hoeve, 2019).
The NWS must continue to harness external capabilities through new, innovative partnerships
to provide the foundational observations, data, science, technology, forecasts, and warnings
that underpin the NWS mission and enable a large segment of the enterprise. Because the
majority of the American public does not receive NWS information directly from the NWS,
America’s weather, water, and climate industry is absolutely critical to building a WRN through
the dissemination of NWS forecasts and warnings but also the provision of additional products
and services that help save lives and protect property. In addition, America’s weather industry
provides tailored forecasts for a variety of weather-sensitive economic sectors, including
transportation, health, agriculture, energy, insurance, etc. These forecasts generate high
levels of economic value for the Nation and protect business interests from extreme weather.
There is every reason to assume that this critical partnership will, and must, continue into the
future. Continued progress will require a strong public sector and private sector operating in
tandem and effectively working through challenges to meet the increasing weather, water, and
climate needs of the nation.
The NWS must also work to strengthen partnerships with the academic sector to foster new
innovations and collaboratively develop new numerical models, observations, and other
scientific advances to improve our forecasts. NOAA is taking a large step in this direction
through the establishment of the Earth Prediction Innovation Center, which will accelerate
advancements in numerical earth system prediction using a community-based modeling
approach. NWS supercomputing and dissemination infrastructure can be bolstered by cloud
computing procured as a service, increasing flexibility as demand changes. In terms of
observations, NOAA and NWS will continue to pursue next-generation technology that can fill
critical gaps in the nationally-supported observations infrastructure. From small satellites to
ocean gliders, the Enterprise will develop new observational platforms at a much quicker pace
and at sometimes a lower cost than existing systems (e.g. drones that can replace expensive
buoys in some cases).
One way the National Weather Service has connected with the enterprise and beyond to
organizations that are users of weather information across the nation is through the WRN
Ambassadors Initiative, created in 2013. The WRN Ambassadors Initiative weaves the entire
weather enterprise into the fabric of local, regional, and national communities of decisionmakers: addressing and ensuring awareness, preparedness, and responsiveness to extreme
weather, water, and climate events, an essential step for public safety, mitigating property
loss, and accelerating recovery efforts after the event. The number of WRN ambassador
organizations has steadily increased over the years, helping to ensure the WRN initiative
touches every county in the United States, every day. The heart of building a Weather-Ready
Nation is taking action and improving decision-making in the face of extreme weather, water,
and climate events. WRN ambassadors act as force multipliers, not only serving as an
example themselves, but also engaging others to know their risk and support informed
decision-making. Success stories are numerous because the initiative taps into what each
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ambassador organization does best. Television stations, for example, are able to access WRN
outreach material and share it with their viewers. Public safety officials (e.g., police, fire, and
first responders) can encourage best practices across their communities, such as having
multiple sources to receive weather warnings. Working together with our WRN ambassadors,
and through a whole-community approach, NWS can raise the level of preparedness and
decision-making and realize the strategic outcome of a Weather-Ready Nation.
Finally, NWS understands that to meet the challenges of the future, NWS must be able to
attract, train, and retain critical skill sets in AI/ML, data assimilation, software engineering, and
data science. These skill sets are in high demand, which makes it all the more important to
develop student programs to encourage students to join NOAA after they graduate, and to
also partner with industry and academia to tap into scientists and engineers with these skill
sets outside of government.

Q9.
Cooperation through the WMO allows National Meteorological and Hydrological Services
(NMHS) to gain access to real-time, unrestricted exchange of weather-related data, products,
and services that are critical to national interests in public safety, and the protection of life and
property. The WMO is the international standards setting body for weather, water, climate
and related environmental information. NMHSs rely on this information as critical input into the
global and regional, multi model ensembles which Members use to produce local, regional
and national forecasts and warnings. Without the data, products, services and information
exchange coordinated through the WMO, NMHSs could not provide as accurate and/or
reliable forecasts and warnings to its citizens and global, regional and national stakeholders
placing society at greater risk to severe weather and environmentally-related disasters.
As the WMO and its Members move towards a fully-coupled modeling environment, with
services along the weather, water, climate continuum, expectations are high for this
collaboration to continue. Members can’t do it alone. There is an expectation that
reciprocity between data exchange and model output/guidance products continues to
increase. Multi-model ensembles require partnerships, require global data. The data
allows Members to serve global and regional roles (GPCs or RSMCs) which in turn
produce products and services that benefit all Members.

Q10.
As extreme weather becomes more common and damaging due to a confluence of physical
and socioeconomic factors, citizens and decision-makers are turning to the National
Meteorological and Hydrological Services to provide actionable weather, water, and climate
observations, forecasts and warnings to protect life and property. This shift in needs from
society and NMHS stakeholders will require a shift from individual performance to a more
collaborative operational model, whereby the collective wisdom and operations of the broader
international enterprise are brought to bear on significant weather, water, and climate
challenges. It will require the application of new science, tools, and technologies to process
and communicate critical forecasts, warnings, and hazards. We will need to use nimble and
effective approaches to keep workforce skills current and ensure that we can meet future
customer needs. Cooperation with the private-, academic-, and civil-sector partners can assist
NMHS with observational data, global and/or regional products, and model output to form the
basis for forecasts to support NMHS service delivery. While advances in technology such as
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AI/Machine Learning, better model skill, some opportunities for automation, the role of the
human forecaster is growing in importance in order to deliver impact-based forecasting
services as well as communicate risk and environmental intelligence. NMHS forecasts add
value by understanding local conditions and how they affect the forecast, and by best
understanding the communities and decision makers they serve that would need to act on this
information. This cannot be replicated by an automated process, nor can it be fully replaced
by contracting out or outsourcing weather services.
Opportunities to engage the wider global weather enterprise in identifying gaps, solutions
and advances in science and technology through the WMO’s Open Consultative Platform
but in order to fully realize the spirit of partnership captured in the Geneva Declaration, we
need to look to the restructured WMO Constituent Bodies and associated governance
processes. WMO Members are representative of the wider weather, water, climate
community in their member state, therefore, inviting private-, academic-, and civil-sector
partners more readily into our new Technical Commissions and other relevant bodies could
serve to improve dialogue along each point in the value chain and potentially lead to great
opportunities for partnership.
Another area for opportunity is capacity development. The needs of Members is greater than
can be met by government investment alone. Leveraging global funds with projects that
include private-, academic-, and civil-sector partners, could increase the capacity of NMHS
to move towards an impact-based forecasting approach. Direct assistance can also support
Members. Projects such as Weather Ready Nations build capacity within NMHS’ to produce
reliable and specific forecasts that integrate human, economic, cultural, risk and uncertainty
criteria for weather-related events that impact safety, health, the economy, and environment;
understand socioeconomic impacts of how and what we forecast and warn to target those
at risk and communicate information in ways people fully understand and respond to; and,
engage with sectors whose safety, health, productivity, or security is at-risk; transportation
and public health officials, water resource managers, natural resource managers and other
stakeholders.

Q11.
NWS is in the midst of a sea change in how we do business. With the strategic vision of a
Weather Ready Nation, we are moving beyond providing a forecast to ensuring
community preparedness and resiliency, by providing Impact -based Decision Support
Services at the local, State and Federal Government levels.
To ensure effective community response to weather, water and climate threats, we are
building an organization of scientists conversant in communications and social science,
and which is diverse and representative of all the communities we serve. We are investing
in a human capital strategy focused on becoming the employer of choice in meteorological
sciences and public service. Our strategy includes ongoing training for current employees,
emphasizing belonging, inclusion, and diversity as part of improving the employee
experience, seeking new diverse and well-rounded candidates through supporting
minority-serving institutions, and cultivating a diverse and progressive leadership cadre
through mentoring, professional development, and succession planning. NWS
emphasizes these changes through its Strategic Plan (2018), Strategic Human Capital
Plan (2019), Organizational Health Action Plan (2020), and Diversity and Inclusion
Implementation Plan (2020).

168 | P a g e

Affecting community response to pending weather, water and climate risks comes with a
number of unique challenges from a workforce and culture perspective. NWS must
become increasingly engaged with advancements in physical science, technology
advances, and social science for the design of products and services. Having a holistic
understanding of meteorology, technology, and social and behavioral science are the key
to effectively connecting with diverse and vulnerable communities, in particular as climate
change, population shifts, and changing risk preferences may leave communities at risk
to new extreme weather, water and climate events. Through its Hazard Simplification
Program, NWS is using social science and community feedback to redesign its products
to more clearly communicate risk to users/
Highly trained scientists are becoming community science resources and communicators.
Credibility is reinforced through a demonstrated science capability paired with presence
and the ability to influence community response. This means specialists embedded in local
communities, with established relationships with community figures and decision makers,
conversant in local languages and cultural issues, credible by virtue of their expertise and
membership in the community. Attracting, training, and retaining employees who meet
these changing needs will require NWS to cast a wider net for future employees, and for
universities training the next generation of meteorologists to more effectively integrate
traditional meteorological sciences courses with social science, communications, and
emergency management material.
In 2021, NWS performed an internal Service Equity Assessment to assess whether
underserved communities and their members face systemic barriers in accessing its
products and services. The analysis reviewed significant NWS programs on community
impact and IDSS such as the Warning Coordination Meteorologist, StormReady program,
and Weather Ready Nation Ambassadors, and surveyed local NWS employees in
communities across the United States. The Assessment provided four broad
recommendations:
1. NWS needs to work toward a community integration mindset.
2. NWS must actively cultivate a wide range of community partners outside of
traditional core partners.
3. NWS needs to grow its capacity, resources, skill sets and structures to perform
community engagement with vulnerable populations.
4. NWS needs to update outreach and community engagement programs and
strategies
NWS is using this assessment and its recommendations to plan future-year investments
in outreach, product design, language translation and staffing to better reach vulnerable
populations.

Q12.
Becoming a Weather Ready Nation through the provision of IDSS to emergency
managers, water resource managers and all other public safety officials AT EVERY
GOVERNMENT LEVEL for all communities is still our strategic vision for the United
States. We have come to realize that the essential need for forecasters to go beyond the
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forecasts and warnings and to provide IDSS is not only the lynchpin for building a Weather
Ready Nation but is essential for us realizing the mission of the NWS for “the protection
of life and property....”. As such in 2021 we included “Impact-based Decision Support
Services” in the NWS Mission Statement, which not only recognizes what we have learned
from our ten-year effort to connect our products and services to decision makers at every
level of government. Codifying IDSS is a commitment to ensure every community, every
person is provided relevant information driving their decisions before, during and after
extreme events. To meet this commitment we must acknowledge and address the
challenge of equitable provision of IDSS to populations which are widely divergent in their
geography, vulnerabilities, culture, and needs.
Perhaps the biggest challenge we face is the influence of climate change on extreme
events like increased rainfall rates, related flash flooding at record heights, more extreme
droughts, hotter and faster moving fires destroying entire towns, heavier snowfall crippling
communities, all occurring at levels or magnitudes never observed before. We are already
seeing how the changing climate is challenging local government, emergency managers,
and safety officials who try to prepare for events without an adequate frame of reference.
A changing climate means communities cannot visualize their new risk, and collective
response plans as well as individual behaviors turn out to be woefully inadequate, even
when based on decades worth of local community experience. This dynamic is further
exacerbated by population shifts into weather-sensitive regions, old and decaying
infrastructure, and overlapping disasters extending community recovery at the expense of
preparedness and resilience.
To address the IDSS need and the challenges of a changing climate, NWS must evolve
to provide more actionable information. As we evolve to improve our information provision,
we will also be under pressure to increase our products and services as social and
economic development drive increasing demand for weather, water, and climate
information based on new and more specific requirements. Addressing the growing IDSS
need alongside better forecasts and niche products will require better predictions, at
longer lead times, and with a more realistic assessment of uncertainty. The future NWS
will be increasingly integrated with public safety and government structures at all levels,
enabling it to pair improved predictions with data about the built environment and human
ecosystems to effectively influence decisions, from preparedness to response. This
includes a better understanding of communication and decision science, as well as
sociology and anthropology, to effectively reach all populations. As a core partner for
government at all levels, NWS will help advocate for more forward looking resilience
investments to ensure weather-ready communities, such as new building standards,
weather shelters, and emergency warning dissemination systems.
NWS will continue to maintain a comprehensive observing, computing, and dissemination
infrastructure for the benefit of the public and the Weather, Water, and Climate enterprise.
For the foreseeable future, the private sector cannot bear the cost of an effective
nationwide observing and modeling infrastructure, and public safety and economic
development would be better served by the Enterprise continuing to innovate on the
foundation of the publicly-provided infrastructure for the benefit of society.
NWS expects that in the future, society will continue to pay increasing attention to the
condition of the Earth and well-being of its people, moving from an information age to an
environmental information age. NWS will play a central part in that shift.
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Guoutai Zhuang
Permanent Representative of China with WMO; Administrator, China Meteorological
Administration

Q1.
The Notice of China State Council on the Institutional Establishment (GF [1998] No. 5)
stipulates that the China Meteorological Administration (CMA) is a public entity directly under
the State Council that is authorized by the latter to function as an administration of
meteorological matters across the country, including meteorological disaster prevention and
reduction, meteorological infrastructure, meteorological forecasting and warning, climate
change science, exploitation and protection of climate resources, meteorological science and
technology, and meteorological foreign affairs. The Meteorology Law of the People’s Republic
of China (hereinafter referred to as the Meteorology Law) enforced in 2000 states that the
meteorological service is fundamental and public-oriented by nature, with its primary task
being to deliver free public meteorological services. It also defines the mandates of
governments and relevant authorities at all levels for meteorology, including legal institutions
for the deployment and management of meteorological facilities, meteorological
observation/detection, meteorological forecasting and severe weather warning,
meteorological disaster prevention, and exploitation and protection of climate resources, legal
responsibilities, etc. CMA collaborates with other sectors and stakeholders in a paradigm
featuring government stewardship, trans-sector cooperation and social participation.
According to the said law, the public, enterprises and other social actors are encouraged and
guided to carry out meteorological activities in conformity with legal provisions and subject to
the regulation and guidance of the competent meteorological authorities.

Q2.
As defined in the Notice of China State Council on the Institutional Establishment (GF [1998]
No. 5) and the Meteorology Law, CMA operates within the following mandates and
responsibilities. The CMA headquarter oversees meteorological matters across and
throughout the country, while the local services fulfil their responsibilities within their respective
jurisdictions under the leadership of both meteorological authorities at higher levels and the
people’s governments at the corresponding levels. The meteorological offices and stations
operated by other relevant authorities of the State Council and other relevant authorities of the
people’s governments of provinces, autonomous regions and municipalities directly under the
central government are subject to the guidance, supervision and management by the
competent meteorological authority at the same level.
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(1) In the future, CMA will pay more attention to aviation meteorological operation and service,
especially general aviation meteorological services. In 2016, CMA and the Civil Aviation
Administration of China (CAAC) signed a strategic cooperation agreement to promote the
capacity-building of general aviation meteorological services, co-develop meteorological
service products for different types of general aviation needs, including particular products for
low altitude flight-oriented weather services.
(2) CMA is the absolute authority in public meteorological forecasting and severe weather
warning. (a) Article 22 of Chapter IV of the Meteorology Law stipulates that the meteorological
offices and stations operated by the competent meteorological authorities at all levels shall, in
accordance with their mandates, issue public meteorological forecasts and severe weather
warning to all walks of life, keeping them updated with timely supplements or revisions
according to the changing weather, a service in which no other organization or individual is
allowed to deliver. (b) Article 44 of Chapter VIII of the Meteorology Law stipulates that if any
provisions of an international treaty on meteorological activities concluded or acceded to by
the People’s Republic of China are different from those of this law, the provisions of the
international treaty shall apply, with the exception of those on which the People’s Republic of
China has declared reservations.
(3) CMA is and will be the regulator and promoter of meteorological infrastructure, information
and services. In the future, with the increasing social observation, it will not be the only provider
of some of the infrastructure. In addition, in response to WMO’s initiative, it will promote the
Public-Private Engagement (PPE) in the field of meteorology. Therefore, in terms of
meteorological services, the market will also become a robust provider.

Q3.
Under the legislative framework of Chinese government, CMA enforced a unified opening data
policy with an open data list. The real time or historical data within the data list are free of
charge to the public/private entities and individuals, via FTP, API or online data analysis
deployed on public cloud. CMA formulates its own open data license rather than adopting the
open-source license like CC, ODBL, PDDL, considering the potential risk of violating personal
privacy by aggregation and analysis of multi-source big data.
CMA welcomes the wider range of global data exchange through WMO unified data policy,
while respecting national legislative regulations on data. CMA established a Center for Earth
System Monitoring and Prediction in September 2021. CMA will benefit from and make further
contribution to the global sharing of earth system data. The biggest challenge is how to
translate the huge amount of Earth system analysis and prediction data into risk-based
warning and impact-based forecast. Cooperation with digital government and commercial
cloud-service provider will help deliver the value of earth system data to public/private sectors.

Q5.
Since its establishment more than 70 years ago, CMA, as a public institution directly under
the State Council, has been the regulator and provider of meteorological infrastructure,
observation data, forecast and services. According to the Meteorological Law of the People's
Republic of China and the Measures for the Administration of Meteorological Information
Services, only the National Meteorological Services at all levels have the authority to issue
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public meteorological forecasts, severe weather warnings and early warning signals of
meteorological disasters to the public. In recent years, with the increasing demand for
information/services and the rapid progress of technology, private enterprises such as "MoJi
Weather" and "Caiyun Weather" have appeared in China to carry out professional
meteorological information services. CMA also encourages meteorological information service
units to carry out meteorological information services in accordance with the relevant laws and
regulations, in order to guide and attract private capital to support the development of the
meteorological information industry.
In the next 5-10 years, disaster prevention and mitigation together with the high-quality life of
the public will put forward higher demands on meteorological services such as refinement,
individuation and diversification. The new generation of information technology will provide
opportunities for the profound transformation of NMHSs’ meteorological service technology
and the optimization of meteorological service supply structure. NMHSs will face more
challenges and opportunities. In the future, private enterprises will have strong impact on
meteorological business and service by virtue of their advantages of widely distributed
collection of socialized data, rapid application of new information technology and close
integration with the market. Emerging information technology and socialized observation data
will influence NMHSs in many ways. There will be more private sectors offering observation
data services (i.e. " observation-as-a-service ") rather than just selling hardware. Technologies
such as big data and AI are likely to provide new methods for weather forecasting, and private
companies have the potential to become forecast providers. For meteorological services,
private enterprises will enrich the pattern of China's meteorological service industry with the
rapid use of the new generation of information technology. In addition to National
Meteorological Services at all levels, private enterprises will also become powerful providers.

Q7.
Observation and high-performance computing are a bedrock for weather and climate
numerical prediction, and their sustainability is a great challenge and opportunity for NMHSs.
At present, improving observation instruments, various observation methods and rapidlyenhanced high-performance computing capacity provide good basis for the future of weather
and climate prediction.
In terms of observation infrastructure, it is necessary to prepare a national master-plan as a
starting point, based on which financial, technological, political and human support should be
put in place. Firstly, at the national level, underpinned with CMA’s existing operations and
associated establishments, we will further ensure the stable and sustainable source of
investment that goes, in particular, to major infrastructure such as meteorological satellites,
weather radars and key observation stations/networks to maintain a good operation of
conventional observation systems. Secondly, more private actors will provide observations
and services (“observation as a service”) under a single framework of standards and practices.
The miniaturized satellites and their instruments also provide a better choice for the improved
global observing system. At the same time, more and more “unconventional” observations
(such as mobile wearable device based-meteorological observation and video device-based
observation) will help to fill the gap in existing observation data by providing more detailed
atmospheric conditions in time and space. The CMA-hosted platform or channel empowered
with the mobile terminals of the general public and the automatic meteorological observation
of all walks of life makes it possible to collect meteorological data and directly report an
ongoing disaster with high precision, wide coverage and strong timeliness. In this context,
support should be given to developing countries to scale up their capabilities via such
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mechanisms as Voluntary Cooperation Program (VCP) and Systematic Observations
Financing Facility (SOFF).
In terms of high-performance computing, the current high-performance computers are not only
no longer powerful enough in hash rate to support the operation of the next generation weather
and climate numerical models, but also more difficult to support the earth system model that
is likely to be mainstreamed as a leading player in the future. Therefore, the high-performance
computing system is calling for upgrades and revamps. CMA will speed up the upgrading of
supercomputers by improving their operation and maintenance mechanism, and making full
use of the established National Supercomputing Center. At the same time, with cloud
computing solutions used during the transitional period and data security ensured as a
prerequisite, it is possible for the computing power of model development to be addressed by
social high-performance computing service providers. The adjustment and upgrading of the
core algorithm of weather and climate prediction models will be facilitated to improve the
calculation efficiency, while all walks of life will be mobilized to improve the code adaptability
and algorithm flexibility.

Q9.
1. As an authoritative specialized agency of the United Nations in weather, climate, water and
related environmental issues, WMO should play a greater leading role in these fields,
strengthen cooperation with other international/regional intergovernmental and nongovernmental organizations related to WMO’s mission by means such as signing cooperation
agreement, and encourage relevant organizations to deeply engage in the formulation and
implementation of WMO global and regional programs.
2. As regional programs and activities become more important after WMO reform, regional
and sub-regional joint activities should engage more relevant organizations with regional
advantages. For example, the United Nations Economic and Social Commission for Asia and
the Pacific (UN ESCAP), which works in disaster prevention and mitigation, typhoons, space
applications and capacity development in the Asia Pacific Region, is closely related to WMO
in the latter’s regional activities. The cooperation between the two organizations will help better
implement the WMO regional programs.
3. The needs of users in developing countries make it necessary to make use of such
international or regional mechanisms as the World Meteorological Center (WMC) to enhance
exchanges among developing countries in forecasting technology and system. To this end,
efforts should be made to enable future forecasting systems to provide more targeted services
to developing countries, and to continuously strengthen regional meteorological cooperation
by a closer strategic alignment among developing countries. All of this is aimed at improving
performance in regional meteorological disaster monitoring, prediction and warning and
contributing to the sustainable global economy and society.

Q12.
The Digital China, an initiative launched in our country in the context of the global digital drive,
is calling for the digital transformation of meteorology. Two core business goals are found in
CMA’ roadmap for next 15 years: One is to operate a world-class national Center for Earth
System Modelling and Prediction, and the other is to operate a seamless and accurate
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prediction system of full coverage from local to global and from zero time to inter-decadal
scales. Both goals need an atmospheric digital model with spatio-temporal resolutions and
various elements that can truly reflect the historical and realistic atmosphere, a reference that
the seamless earth system will take in its development and operation. In this regard, CMA has
proposed to develop the Digital Twin Atmosphere to improve the atmospheric simulation and
analysis and promote the digital transformation in the fields of forecasting and services for an
improved intelligent digital forecasting system, a digital and intelligent transformation of
meteorological services, and the integration of meteorology into digital life.
The data for Digital Twin Atmosphere must be close to the real atmosphere in scale and
element. At the national level, it is necessary for the observing system to meet the needs of
basic weather and climate operations and services and of NWP and nowcasting, as well as
the needs of the forecasting and application in the fields of ocean, agriculture, aviation, space
weather, atmospheric composition and so on. The specialized observation resources available
from NMHSs alone cannot meet this demand, which needs to be supplemented with social
observation in terms of spatio-temporal density and element type. The role of a NMHS is not
only a provider, but also a regulator. It should not only maintain a stable operation of its own
diverse observation systems for a long time, but also strengthen the supervision on the quality
of the observation data from the private sector.
The emerging Digital Twin Atmosphere will help integrate and share the meteorological data
resources distributed inside and outside the department and in all walks of life to connect the
information, system and operation, accelerate scientific and technological innovation and
operational progress, and coordinate the growth of the meteorological enterprises. The
initiative will also help improve the reallocation of resources, release the potential of data as a
factor of production, stimulate the vitality of data resources across sectors and fields, and
promote stakeholders to support the development of NMHSs.

In fact, the observation data of one country alone obviously cannot truly reproduce the
global Digital Twin Atmosphere, which necessitates WMO to strengthen international
cooperation among Members. Moreover, digital transformation needs to be led by the
new generation digital technology and industrial innovation and development, with
developing countries to be supported by WMO with technology, platform, and valuable
experience of other Members.
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