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FOREWORD
Driven by growing socioeconomic needs, and scienti
fic and technological advancements, National Mete
orological or Hydrometeorological Services (NMSs)
have evolved and provided systematic groundwork
in establishing and improving their infrastructure and
systems. This has improved delivery of their national
obligations and enhanced international cooperation,
within the framework of WMO.
As public sector institutions (with only a few exceptions),
NMSs have been working with stakeholders from the
private sector and with academia. Recently, the term
“weather (and climate) enterprise” has gained popularity
to describe this public–private–academic community
that participates in all elements of the value chain for
meteorological services. The roles and shares of the
three main sectors in the enterprise have been evolving
over the years. In June 2019, WMO launched the Open
Consultative Platform (OCP), Partnership and Innovation
for the Next Generation of Weather and Climate
Intelligence. OCP has shared the view that clarifying the
roles of NMSs and other stakeholders is a key challenge
that will shape the common vision for the future of the
weather, climate and water enterprise in the coming
decade and beyond.
This OCP White Paper on the Future of National
Meteorological or Hydrometeorological Services:
Evolving Roles and Responsibilities has therefore
been produced as a collective endeavour of a group of
world-leading experts to analyse trends, challenges and
opportunities in a dynamic environment. It is focused on
evolving roles, responsibilities, operational scenarios and
partnership mechanisms that define the future and work

of NMSs as national institutions and key participants
in the global weather, climate and water ecosystem of
stakeholders. The primary objective of this White Paper
is to inform key decisions on the future development of
NMSs, consider risks, opportunities and scenarios for
the foreseen institutional, technological and operational
changes, and enable better governance choices to
mitigate possible negative impacts. Another objective of
this paper is to help set direction for WMO in its strategic
planning process, with the recognition that NMSs play
a decisive role for achievement of long-term goals and
strategic objectives.
I am pleased to present the White Paper on the Future
of National Meteorological or Hydrometeorological
Services: Evolving Roles and Responsibilities to the
global audience, and to encourage the use of its findings
and key messages by decision makers, practitioners and
scientists from all sectors of the weather and climate
enterprise. I would like to acknowledge, with much
appreciation, the work done by Professor Gerhard Adrian,
President of WMO, as the lead author and coordinator of
the group of worldwide experts who contributed to the
paper. I would also like to express my sincere thanks to
all the contributing authors and reviewers for devoting
their time and sharing their knowledge and foresight for
the benefit of the whole enterprise.

Prof. Petteri Taalas
WMO Secretary-General
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EXECUTIVE SUMMARY
National Meteorological or Hydrometeorological
Services (NMSs) have been key institutions for
realization of major WMO programmes and the global
system of systems coordinated by WMO. The day-today activities of Meteorological Services around the
world, taken together, comprise hundreds of thousands
of people involved in the staggeringly ambitious task
of observing the weather and forecasting the state of
the atmosphere many hours in advance. NMS activities,
underpinned by extensive public resources, are a major
contribution to the accumulation of knowledge of the
Earth system, and the application of this knowledge in
essential services for society and national economies.
In May 2021, the second High-Level Session of the WMO
Open Consultative Platform (OCP), emphasized that the
changing conditions in the weather, climate and water
services community will have an impact on the roles and
operations of all stakeholders including NMSs. Drivers for
change include the growing demand for information and
services stimulated by rapid scientific and technological
advancements, constant pressures on public budgets,
and increased capabilities and involvement of the private
sector in the value chain.
This is the second OCP White Paper addressing the
biggest challenges facing the global weather and climate
services community. The envisaged evolution of NMS
roles, responsibilities and operations necessitates a
comprehensive review of global, regional and national
factors. A common challenge for NMSs will be how
to engage with other stakeholders in a multisector
enterprise, to better serve society and better use available
resources.
Following the established mechanism for developing
OCP White Papers, a drafting group of leading experts
from all regions was set up under the leadership of WMO
President, Prof. Gerhard Adrian. The WMO Secretariat
consolidated the contributions from all members of the
drafting team into a synthesis, which was consequently
reviewed by more than 10 independent experts. Thus, this
White Paper represents a wide spectrum of views and
opinions based on different national and professional
experiences and interests.
In the future, NMSs will continue to play a major role
as national institutions designated to serve societies
and economies with essential Earth-system information
and services dedicated to the safety and well-being of
people. They will also provide key decision support to
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governments in the crucial endeavours of climate change
adaptation and mitigation. NMSs will also continue to
be the backbone of the global system of systems for
monitoring and predicting Earth-system conditions.
However, the way in which NMSs have been operating
over many decades will likely be changing more rapidly
in the coming years. This will necessitate a much stronger
focus on mid- to long-term strategic planning and change
management. This paper is aimed at helping these efforts
by outlining trends, expectations and scenarios based
on the analysis and experiences of a globally balanced
group of experts.
Chapter 1 of the paper sets its objectives and scope. It
defines working terms and definitions and emphasizes
the need for elaborating a common vision for the NMS
in 2030. It also explains the methodology for collecting
author contributions and the stepwise review process
through which the final consensual text has been
prepared.
Chapter 2 provides a historical perspective of NMS
development over more than 150 years. It is remarkable
that NMSs have been established as national institutes.
Their objectives and operations from their early stages
have been the subject of international coordination
due to the inherently cross-border nature of Earthsystem studies and operational practices. The role of
global coordinator played by WMO (and before 1951,
by its predecessor, the International Meteorological
Organization), has had a profound impact on harmonizing
the core role and functions of NMSs in all countries.
The chapter provides a brief look at the evolving WMO
guidance on the role and operation of NMSs from the
1990s to the present.
Chapter 3 briefly explains the current landscape of the
role and operation of NMSs, and the so-called “2021
baseline”. It covers all essential elements of NMSs as
national entities, starting with institutional arrangements
(legal frameworks, organizational types, mandates and
functions), through essential policies (such as data
policy), services and infrastructure, to relationships with
stakeholders from the research and private sectors.
The chapter also outlines some major trends expected
to affect the future evolution of NMSs, concluding that
the change is likely to be a “major transformation”. A
list of characteristics illustrating typical current NMS
roles, functions and operations is presented at the end
of the chapter as a baseline, to serve as a reference in
the description of expected changes in the following
chapters.

Chapter 4 describes expected major changes in the role
and operation of NMSs, and discusses the related needs
for planning and adapting to those changes to avoid
possible disruptions. Acknowledging the significant
national variations of institutional arrangements,
possible changes in the key roles and functions of
NMSs are outlined, such as the increasing regulatory
function of some NMSs. Special attention is given to
the NMS role as the authoritative voice for warnings for
hydrometeorological hazards. NMS business/operating/
funding models are categorized and trends defining
their evolution are analysed in this chapter. Marked
innovations and technological drives will change the
operational environment of NMSs and their functions
along the value chain. Major sustainability issues related
to the basic infrastructure will be addressed through
innovative solutions, such as cloud technologies or
integrating non-conventional observational data into
numerical weather prediction. Furthermore, NMSs will
face the need to expand their services portfolios, to meet
the diverse user demands. The demands will lead to an
expanding weather and climate services market, with
the private sector having a strong presence in service
delivery.
Chapter 5 deals with the changing partnership patterns in
the weather, climate and water enterprise. A general trend
of increasing and diversifying NMS partnerships with
public, private, academic and civil society sector entities
is observed due to the multidisciplinary, multisector and
multi-stakeholder realm of the enterprise. Partnerships
are discussed in the WMO context and in the various
forms of regional and subregional relationships. The
public–private engagement approach consistent with

the Geneva Declaration of 2019 is also seen as a change
factor for NMSs. Special focus is placed on partnership
approaches in capacity development to boost the
resolution of long-standing NMS performance gaps in
developing countries.
Chapter 6 discusses human resources conditions in
NMSs. It builds on the understanding that excellent
people and culture are a core pillar of NMS performance.
The evolving skills and competency requirements dictated
by the rapid technological advancements will need to be
met through relevant staff development planning and
strategy. NMSs will face choices about what expertise
needs to be maintained in-house and what could be
contracted or outsourced. Examples of national good
practices are given to help inform such choices. A section
is devoted to the changing role of NMS Directors and
related changes in their skills and competence.
Chapter 7 elaborates on the common vision for NMS
evolution towards the end of this decade. Examples of
vision statements of NMSs from different countries are
provided to help identify common elements. One of the
important messages of the paper is in the formulated
elements of a vision of an idealized NMS in 2030+.
Chapter 8 summarizes key messages from the preceding
chapters into a set of conclusions and recommendations.
They cover the main aspects of the envisaged evolution
of NMS role and operation in the fields of institutional
strengthening, changing operational environment and
business models, enhanced and diversified partnerships,
international cooperation, and human and organizational
excellence.
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1. INTRODUCTION
National Meteorological, Hydrometeorological and
Hydrological Services are a fundamental element of
the WMO system. Coordinated by WMO, the global
system of systems is built upon the commitment of
WMO Member States and Territories to cooperate
in the monitoring and prediction of the atmosphere
and hydrosphere of the planet. Member National
Meteorological and Hydrological Services (NMHSs)
are key national participants in this global effort.
Over the years, and within the framework of WMO,
NMHSs have evolved and provided systematic
groundwork in establishing and developing
infrastructure and systems, to improve delivery of
national obligations, and to enhance international
cooperation. Economic, societal or policy changes, and
scientific and technological advancements, have guided
and necessitated this evolution. NMHSs have faced
intense changes, especially in the last few decades.
These have provided opportunities and risks. Following
the changes in the global agenda and priorities, WMO
has maintained policy-level guidelines to help NMHSs
cope with the new requirements and challenges.
This White Paper focuses on the evolving roles,
responsibilities, operational scenarios and partnership
mechanisms that define the work of NMHSs as national
institutions and key participants in the global weather,
climate and water ecosystem of stakeholders. It follows the
overall approach of the Open Consultative Platform (OCP)
mechanism of analysing drivers and trends, identifying
risks and opportunities, and providing a decadal vision
based on consensus among representatives of the main
stakeholder groups.

1.1 Terminology and definitions
It is important to introduce here the definitions of main
terms – to be clear about the scope and avoid confusion.
Generic terms and abbreviations used for institutions
forming the national meteorological and hydrological
systems need to be specified due to the variety of
national cases.
The lack of a unique definition for National
Meteorological Service was pointed out by Zillman:
“Although both the concept and the terminology have
been well established for a long time, and the original
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1947 text of the Convention of the World Meteorological
Organization (WMO, 1990) includes several references
to the Meteorological Services of Member States,
there is no widely accepted definition of a National
Meteorological Service” (Zillman, 1999).
At the twelfth session of the World Meteorological
Congress, it was “decided that in all WMO publications,
documentation and official correspondence, the
abbreviation NMS(s) should be used to denote ‘national
Meteorological or Hydrometeorological Service(s)’, while
NMHS(s) should denote ‘national Meteorological and
Hydrological Service(s)’. The acronym NHS(s) should
be used to denote ‘national Hydrological Service(s)’”
(WMO, 1995).
The preamble of the WMO Convention includes
reference to three types of national institutions stating:
“Reaffirming the vital importance of the mission of the
National Meteorological, Hydrometeorological and
Hydrological Services in observing and understanding
weather and climate and in providing meteorological,
hydrological and related services in support of relevant
national needs …” (WMO, 2021a). More recently, the
use of “NMHS” in singular form has become common
practice to denote the central institution in a country
(the main WMO counterpart), but it masks that in most
countries, the NMS and NHS are separate entities, or
even that a single NHS institution does not exist.
This paper focuses on National Meteorological or
Hydrometeorological Services denoted with the
abbreviation “NMS”. If “NMHS” were used instead,
the paper should provide a balanced context covering
both meteorology and hydrology; however, the profile
of the contributors to the text was mostly from the
meteorological part of the weather, climate and water
community. In some places, the term “NMHSs” (plural)
is used if the context is valid for meteorological and
hydrological entities of the country.
In view of the above, the definition by Zillman (1999) can
be maintained here: “For the purposes of this paper, a
useful working definition of the NMS is ‘an organization
established and operated primarily at public expense
for the purpose of carrying out those meteorological
and related functions which governments accept as
a responsibility of the State in support of the safety,
security and general welfare of their citizens and in
fulfilment of their international obligations under the
Convention of the World Meteorological Organization’.”

© iStock

1.2 The need for a common vision
for National Meteorological or
Hydrometeorological Services
In the third decade of the twenty-first century, the world
is facing severe challenges related to the changing
conditions of the planet. The annual global risk landscape
analysed by the World Economic Forum consistently
identifies extreme weather events, failure of climate
change mitigation and adaptation, natural disasters and
water crises as being among the most critical societal
risks over the next 10 years, in terms of impacts and
likelihood (World Economic Forum, 2022). A rapid
advancement of Earth-system knowledge and related
capabilities to analyse, predict and provide services
is of paramount necessity for a successful global
response to these challenges. A significant responsibility
therefore rests on the global meteorological (including
climatological) and hydrological communities to embrace
new ways of partnership and collaboration, leading to
a next generation of weather and climate intelligence
crucially needed for a more resilient world.
WMO took a big step towards the realization of a new
level of collaboration and partnership with stakeholders
from all sectors with the adoption of a new partnership
policy expressed in the Geneva Declaration of 2019:
“Building community for weather, climate and water
actions” (WMO, 2019a). The declaration recognizes that
achieving the Sustainable Development Goals (SDGs)
(United Nations, n.d.) requires inclusive partnerships
among public, private and academic sectors, as well
as civil society, at global, regional, national and local

levels. It also reaffirms the vital mission of the National
Meteorological, Hydrometeorological and Hydrological
Services in monitoring, understanding and predicting
weather, climate and water conditions, and in providing
related information and services that meet national,
regional and global needs. The concept of public–private
engagement (PPE), developed and promoted by WMO
in broad partnership with key stakeholders from all
sectors, has been codified through the declaration and
further explained through a set of guidelines for practical
application by WMO Members States and Territories
(WMO, 2021b).
The realization of a new level of collaboration and
partnership in the weather, climate and water services
community will require a comprehensive review of
the existing roles, responsibilities, capabilities and
aspirations of the various stakeholders. As a knowledgeand technology-intensive domain, the provision of these
services is being strongly influenced by the rapid scientific
and technological developments that are reshaping the
business models in many industries, changing “who does
what and how” in the ongoing digital transformation.
There are tremendous opportunities for advancements
and efficiency gains through innovation; however,
serious risks of disruptions, conflicting viewpoints and
deepening inequalities in access to information and
services are also present.
In this dynamic landscape, the evolving weather, climate
and water services community at global, regional and
national levels will benefit from sustaining and enhancing
the role of NMSs as central national institutions in a
complex stakeholder ecosystem.
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How NMSs will sustain and improve their essential
activities and services in the coming decade1 is a key
question for the success of the WMO vision2 for a
more resilient planet. NMSs will need to embrace the
changes due to the multitude of factors and expectations
mentioned above. They will need to review their
operations and practices, consider trends happening
along the value chain and related value ecosystem, make
choices based on their resources, revisit national and
international partnership strategies, and even establish
contingency plans for their operations during crises like
the COVID-19 pandemic.

1.3 Objectives and scope
of this White Paper
This paper discusses identified issues, trends, challenges
and opportunities under the overarching question “How
do we see the NMS in 2030?”
The drivers and trends affecting the future of NMSs
are internal for the WMO community and also external,
stemming from the grand challenges facing humankind,
as well as the technological and socioeconomic
developments. It is expected that many NMSs will undergo
significant changes, but these changes will be modulated
by national circumstances that vary largely from country
to country. NMS executive managers responsible for
the short-, medium- and long-term planning of their
organizations need analytical information, vision and
guidance.

1.4 Methodology
World-leading experts were invited to contribute as
authors of this White Paper.3 The paper therefore presents the collective insight of the group of contributing
authors as to how NMSs 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.
A former WMO President, Vice-Presidents of WMO,
Presidents of the WMO Regional Associations, Presidents
of WMO Technical Commissions, the Chair of the WMO
Scientific Advisory Panel, and representatives of the
research community and the private sector have reviewed
the draft text based on the inputs from the 21 contributing
authors. Valuable comments and suggestions have
therefore further enriched the text.
The Policy Advisory Committee of the WMO Executive
Council has overseen the preparation process of this paper.
The approach adopted by WMO OCP for open exchange,
less formality and inclusiveness in expressing opinions
has been followed. This approach seeks to establish,
among all stakeholders, a common understanding of
circumstances shaping the evolution of the roles and
operations of NMSs. This White Paper therefore does
not offer a unique development path; rather it should be
seen in the context of strategic planning as a resource
supporting informed decisions on the future of NMSs
in a complex and changing environment.

The primary objective of this paper is therefore to
inform key decisions on the future development of
NMSs, consider risks, opportunities and scenarios for
the foreseen institutional, technological and operational
changes, and enable better governance choices to
mitigate possible negative impacts. Another objective of
this paper is to help set direction for WMO in its strategic
planning process with the recognition that NMSs play a
decisive role in the achievement of the long-term goals
and strategic objectives.

1 “Coming decade” refers to 2021–2030(+) in this White Paper.
2 The WMO 2030 vision statement in the Strategic Plan (WMO, 2019b): “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.”
3 Following the WMO OCP policy of inclusiveness and transparency, the original inputs of contributing authors can be accessed at the WMO library
where this White Paper will be available.
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2. HISTORICAL PERSPECTIVE
NMSs are institutions with a long history. The Palatine
Meteorological Society (Societas Meteorologica Palatina),
established in 1780 by the Mannheim Academy of
Sciences, is considered the first organized network for
simultaneous observations of the atmosphere. It was
a relatively short-lived “project” that ended in 1795.
At its peak, it encompassed 31 simultaneously recording
stations, and a total of 37 stations, stretching from
North America to the Urals. Academies, monasteries
and universities participated in the network, and
were supplied with precisely calibrated instruments,
detailed instructions and data forms at State cost
(Cassidy, 1780–1795).
The onset of national meteorological institutions across
the world took another 70–80 years. This intensified in
the second half of the nineteenth century when the
need of and benefit from systematic observations of the
atmosphere became obvious. At that time, “meteorology
had already begun to take on a universal character as a
result of the increasing demands for collection of data on
climate and weather for different practical purposes and
the development of techniques for the rapid collection
and dissemination of observations. National economies
required the development of a network of meteorological
stations and the perfecting of methods of observation.The
development of the electric telegraph greatly facilitated
the international exchange of meteorological data and
made possible the plotting of synoptic charts which
formed the basis of weather forecasts” (Daniel, 1973).
In preparing for the First International Meteorological
Congress, the organizers of the Leipzig Conference (1872)
compiled a list of 26 questions that went on to shape the
future of international cooperation and standardization in
meteorology. One of the items in the list was formulated
as: “Is it desirable that in each country there should
be established one or more Central Institutions for the
direction, collection and publication of the meteorological
observations?” (Meteorological Conference, 1873).
This was the impetus for a future NMS as a designated
national central institution to: coordinate, establish and
maintain a network of observing stations; manage the
data collection and processing mechanisms; provide
information and services required by the government
and other national users; and, subsequently, participate
in the international coordination and standardization of
all these activities.

18th World Meteorological Congress (2019), photo by WMO

At the time of the First International Meteorological
Congress (Vienna, 1873), most developed States had
established central institutes for the collection of
regular meteorological observations from a network of
stations in their countries. These early institutions had a
strong focus on collection of national observations, but
also conducted first attempts in weather forecasting4
including storm warnings and forecasts for agriculture,
which were normally limited to the next day. It was also
well understood that progress in meteorology will not be
possible without an international effort to standardize the
observational methods and instruments and exchange
data across national borders.
NMS advancement into the twentieth century was
marked by the rapid development of civil and military
aviation. The years between World War I and World War
II were particularly active, with internationalization of
commercial aviation and the need to provide accurate
information on meteorological conditions at airports and
en route. Many meteorological stations and facilities
were established during that period with a primary task
to serve air navigation.
The establishment of WMO in 1950 was a major
milestone in the development of NMSs. Activities
became coordinated by an international regulatory
framework of standard and recommended rules and
procedures adopted by the World Meteorological
Congress. Such a framework ensured the standardization
and interoperability needed for the analysis and
forecasting of atmospheric processes. This facilitated
rapid advancement in the development of applications
for various human activities.
The World Weather Watch programme, which started in
the 1960s, strengthened the global cooperation of NMSs
through three major systems: the Global Observing System

4 The terms “forecast” and “forecasting” came into use in the 1860s, most likely introduced by Admiral FitzRoy in the United Kingdom of Great Britain
and Northern Ireland. At that time, terms like “prediction”, “prognostication” and even “prophesy” were also popular for statements of future weather.
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(GOS), the Global Telecommunication System (GTS) and
the Global Data-processing System (later renamed as the
Global Data-processing and Forecasting System (GDPFS)).
All NMSs have been contributing to these global systems
to ensure collection and exchange of simultaneous
observational data in standard formats. Some NMSs
have undertaken the role of being regional nodes and
centres for collection, production and dissemination of
information and numerical weather prediction (NWP)
products. World Weather Watch was complemented by a
strong global research effort supported by NMSs (many of
which have been conducting research activities in parallel
with their day-to-day operational tasks) and partners from
the research community.
Weather forecasting has always been at the centre of
NMS activities. NWP became operational in the 1960s,
and rapidly developed as the main guidance for skilful
weather forecasters.5 Since then, NWP improvements,
along with the expanding suite of satellite meteorological
observations, have been major factors for the everimproving performances of NMSs.
Management of operational hydrology and water
resources grew rapidly in the second half of the twentieth
century. Understanding of the critical importance of the
hydrological hazards for disaster risk reduction (DRR)
and associated links to food security required building
close ties between the meteorological and hydrological
communities at national and international levels. In
countries where the NMS scope of responsibilities covers
meteorology and operational hydrology, integration of the
hydrological issues has been easier compared with in the
countries that have different government departments for
meteorology and hydrology. International hydrological
programmes, coordinated by WMO, led to consolidation of
knowledge in the hydrological community, standardization
of the monitoring methods, and advancement of the
hydrological models, forecasts and warnings.

Building climate statistics and knowledge has always
been a primary role of NMSs. Recent decades have
been characterized by the growing engagement of
NMSs in the provision of a new generation of climate
research and services. The goal has been to shape and
inform understanding of climate variability and climate
change and their impacts, including contributions to
major international climate science initiatives such as
reports from the Intergovernmental Panel on Climate
Change. In this area, the role of NMSs varies greatly from
country to country, depending on national arrangements.
Engagement of NMSs in other environmental areas,
such as atmospheric chemistry or air and water quality,
has a similar picture. WMO has been a major actor
in the integration of such new activity areas through
international programmes like the Global Atmosphere
Watch, the Global Framework for Climate Services and
other initiatives implemented through broad multiagency
partnerships.
The current WMO Strategic Plan (2020–2023) launched the
Earth-system approach and promoted the engagement of
NMSs in providing new levels of support to international
and national efforts in tackling the global socioeconomic
challenges affected by weather, climate and water (WMO,
2019b). It is recognized that the multidisciplinary nature
of the Earth-system approach will require strengthening
of existing partnerships and establishment of new
partnerships among many players from the public,
private, academic and civil society sectors.
This paper will cover the evolving situation in the 2020s,
characterized by a complex landscape of stakeholders,
growing expectations and demands, and rapid changes
in the value chain (Figure 1) for the provision of weather,
climate and water information and services. To sustain
their central role in this ecosystem, NMSs in the
2020s need clear vision, agility and thorough change
management.

FUNDING NEEDS, INVESTMENTS

Basic
Infrastructure

Observations

Data Collection
and Processing

Modelling and
Forecasting

Product
Generation

Services

Enablers and constraints
PERCEIVED VALUE BY USERS

Figure 1. A value chain for the provision of weather, climate and water information and services
Source: Based on Usher et al. (2018)

5 OCP White Paper #1 (WMO, 2021c) summarizes information about NWP developments in the past and the foreseen future.
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WMO guidance on the role and
operation of National Meteorological
or Hydrometeorological Services
Throughout the years, WMO has provided guidance on
the evolving role and operation of NMSs to reflect the
changing socioeconomic needs for weather, climate
and water information and services. Such guidance

in the form of focused statements of the World
Meteorological Congress or WMO Executive Council,
or special publications providing practical advice based
on good national practices, has been regularly updated
to reflect changing circumstances, and United Nations
and other international initiatives and policies affecting
NMS operations. Table 1 provides a chronological (but
non-exhaustive) summary of development and guidance
preceding this White Paper.

Table 1. Evolution of the WMO position and guidance on NMSs
Major global and United Nations
developments affecting NMSs

WMO guidance on evolving role and operation of NMSs

Decade: 1990s
International Decade for Natural
Disaster Reduction (1990–1999)

Resolution 30: Development of national Meteorological and Hydrological
Services (WMO, 1991)

United Nations Framework
Convention on Climate Change
(UNFCCC) (May 1992)

Resolution 40: WMO policy and practice for the exchange of
meteorological and related data and products including guidelines
on relationships in commercial meteorological activities (WMO, 1995)

Agenda 21, the Rio Declaration
on Environment and
Development (June 1992)

Resolution 25: Exchange of hydrological data and products (WMO, 1999a)

Yokohama Strategy and Plan
of Action for a Safer World
(May 1994)

The National Meteorological Services and Alternative Service Delivery:
A statement by the Executive Council of WMO on the Future Role and
Operation of National Meteorological Services (WMO, 1999b)
First Geneva Declaration (WMO, 1999a)

Decade: 2000s
Millennium Development Goals
(2000)

The Role and Operation of National Meteorological Services: A statement
by the Executive Council of WMO (WMO, 2003)

Hyogo Framework of Action
(Jan 2005)

Executive Council Statement on the Role and Operation of NMHSs
(for Decision Makers) (WMO, 2005)
WMO Convention amended (to include in the preamble the statement
on the role of NMHSs from the Geneva Declaration (1999)) (WMO, 2007)

Decade: 2010s
SDGs under the Transforming
our World: the 2030 Agenda for
Sustainable Development (2015)
Sendai Framework for Disaster
Risk Reduction 2015–2030
(Mar 2015)
Paris Agreement (Dec 2015)

WMO Statement on the Role and Operation of NMHSs for Directors
(WMO, 2011)
The Role and Operation of NMHSs: A Statement by WMO for Directors
of NMHSs (WMO, 2013)
The Role and Operation of NMHSs: A Statement by WMO for
Decision-makers (WMO, 2015)
Guidelines on the Role, Operation and Management of NMHSs
(WMO, 2017a)
Resolution 80: Geneva Declaration – 2019: Building Community
for Weather, Climate and Water Actions (WMO, 2019a)
OCP established (WMO, 2019a)

Decade: 2020s
Resolution 1: WMO Unified Policy for the International Exchange of Earth
System Data (WMO, 2021d)
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3. CURRENT LANDSCAPE AND BASELINE
3.1 Institutional arrangements
of National Meteorological
or Hydrometeorological Services
3.1.1 Organizational types
Every WMO Member State or Territory has an institution
that falls under the generic description of “Meteorological
Service” as specified in Article 3 of the WMO Convention
(WMO, 2021a). How such an institution, which in this
paper is named generically as a National Meteorological
or Hydrometeorological Service (NMS), is organized and
mandated is the prerogative of each government.
While the contributing authors of this paper represent
a small fraction of the WMO membership, the NMSs
of their countries demonstrate the variety of names
used for institutions that serve as NMSs, for example:
administration (China, Romania and Viet Nam), agency
(Japan and United Kingdom of Great Britain and Northern

Ireland), authority (United Republic of Tanzania), service
(New Zealand, Peru, South Africa and United States of
America), department (Curaçao and Sint Maarten) and
institute (Colombia and Norway). There is also a tendency
to select names of these institutions as “brands”, like
the Met Office (United Kingdom), MetService (New
Zealand), Norwegian Meteorological Institute (MET
Norway), Météo-France and Meteo Curacao. Facing this
variety, this paper looks at NMSs semantically through
the similarity of their roles, mandates and missions.
The exact positions of NMSs in government structures
also vary significantly (Figure 2). The dominant case
of “parent” government bodies are ministries or
departments responsible for the environment and natural
resources, and transport and aviation; other national
arrangements in place include ministries of agriculture
and energy, or, in some cases, NMSs report directly
to the Council of Ministers or Prime Minister. Detailed
information on NMS administrative positions in WMO
Members States and Territories is available from the
WMO Country Profile Database (WMO, n.d.a).

13%
25%
Aviation and Transport
Environment
Communication
Defence

24%

Agriculture
Energy
Other (Misc. Ministries/Departments)
Unknown

27%
4%
3%

2%
2%

Figure 2. Institutional authority over NMHSs (as reported to the WMO Secretariat in 2018)
Source: WMO (2020)
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Several studies (for example, Zillman, 1999; Rogers and
Tsirkunov, 2013; Usher et al., 2018; World Bank, 2020)
indicate typical organizational models of NMHSs such as:
• Government department (departmental unit – for
example, agency or institute)
• Contract agency
• Public body
• State-owned enterprise (SOE)
• Private company
The order of these models in the list above presents
the increasing autonomy of the organization from the
government. At present, there is no NMS that operates as
a fully private company. All other models exist in various
national realizations; they also evolve over time as
governments adopt approaches for improving efficiency
or put new policy requirements into place. In some
regions, a trend is observed towards models providing
more opportunities for revenue generation; for instance,
Regional Association I (Africa) has recommended to
its Members to consider such models, to complement
insufficient funding by governments.

3.1.2 Legal framework
As part of the public administration, NMSs operate in
accordance with an established legal framework, which
varies considerably from country to country. Over the last
two decades, countries have made a strong effort (also
promoted by WMO) to improve the existing legislation,
or create such legislation where missing, to provide

better definition and clarity of the NMS core mandate
and responsibility.
In many countries, the primary legal act (for example, law,
decree or royal decree) is about the establishment of the
NMS as an institution and its placement in the national
administrative hierarchy (enabling legislation). In the
same law or act and/or one or more sublaw instruments,
the main functions, responsibilities, competence and so
forth of the NMS are defined.
A holistic view of the legal framework for the NMS in
each country should include other national legislation
relating to matters of corporate governance, allocation
and management of budgets, access to information and
so forth. These are normally referenced in the internal
administrative layer of the NMS in the form of rules and
procedures complying with national requirements.

3.1.3 Purpose, mandate and mission
The major mandate and role of NMSs in different
countries, while spelled out in different laws, acts and
other legal documents, are well aligned across the globe.
A contributing factor for such unification was the inclusion
at the fifteenth session of the World Meteorological
Congress (WMO, 2007) of the main NMS mandates in
the preamble of the WMO Convention (Box 1).
Box 2 gives examples of defining NMS mandates,
purposes, missions and functions in national legal acts.
The core mandate of protecting life and property
through monitoring, predicting and providing warnings
for weather, climate and water (and, in some cases,

Box 1. Part of the preamble to the WMO Convention as amended at the fifteenth session
of the World Meteorological Congress
“Reaffirming the vital importance of the mission of the
National Meteorological, Hydrometeorological and
Hydrological Services in observing and understanding
weather and climate and in providing meteorological,
hydrological and related services in support of relevant
national needs which should include the following areas:
(a) Protection of life and property,
(b) Safeguarding the environment,
(c) Contributing to sustainable development,

(d) Promoting long-term observation and collection
of meteorological, hydrological and climatological
data, including related environmental data,
(e) Promotion of endogenous capacity-building,
(f) Meeting international commitments,
(g) Contributing to international cooperation,”
Source: WMO (2021a)
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Box 2. Definitions of NMS mandates, purposes, missions and functions in national legal acts
China, the Meteorological Law: This law is enacted for
the purpose of developing meteorological services,
standardizing meteorological activities, ensuring the
accurate and timely issue of meteorological forecast,
preventing meteorological disasters, properly exploiting
and effectively protecting climatic resources, and
providing meteorological services for economic
development, national defence, social development
and people’s well-being. Meteorological service is a
basic public welfare service for economic development,
national defence, social development and people’s wellbeing. Public welfare meteorological services shall be
the first priority in meteorological work. The competent
meteorological department under the State Council is
responsible for meteorological work nationwide.
Japan, the Meteorological Service Act: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.
Norway, MET Norway 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.

other geophysical) hazards has always been at the
centre of NMS national roles and responsibilities. The
development of national disaster risk management (DRM)
systems, internationally stimulated through the Hyogo
Framework for Action and the Sendai Framework for
Disaster Risk Reduction 2015–2030, has further developed
and elucidated this mandate in recent decades. NMSs
in most countries are a key party in the national DRM
arrangements as providers of crucial actionable decisionsupport information, linked to the success of the life
and property protection measures/actions. A notable
recent national case of DRM support is the Weather-Ready
Nation (WRN) (National Weather Service, n.d.) initiative
championed by NWS in the United States.
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South Africa, South African Weather Service (SAWS):
The primary mandate of SAWS is, inter alia, to:
• Provide reliable weather services to support public
good and the commercial ventures of SAWS
• Provide aeronautical and marine meteorological
services
• Provide ambient air quality services
United Republic of Tanzania, Tanzania Meteorological
Authority Act: The act mandates the Tanzania
Meteorological Authority to provide weather and climate
services to the general public and tailor-made products
to socioeconomic sectors, and also to provide regulatory
functions on all meteorological activities undertaken
by stakeholders in the United Republic of Tanzania. The
purpose of the act is to protect life and property, and
achieve sustainable development.
United States, National Weather Service (NWS) mission
statement: The 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.
Sources: Contributions to this paper, contained in the
Annex

3.1.4 Functions and scope of activities
The core functions and activities assigned to NMSs in
almost all countries include: the organization of national
observing/monitoring networks; the collection, archiving
and processing of the observational data; the forecasting
of meteorological and hydrological conditions (noting
that in many countries, hydrological and meteorological
observational and forecasting functions are delivered
by separate organizations); and the provision of public
weather, climate, water and related environmental
information and services. While assigned at national
level, these functions and activities contribute to the
global infrastructure and systems coordinated by WMO.
This inherently international element is a unique feature

of NMS activities in each country; it represents a historical
and current showcase of delivering global public goods.6

• The NMS shall be “the sole authority to issue severe
weather-related warnings”

The legal framework may assign different roles to the
NMS, which include:

• The NMS is “the absolute authority in public
meteorological forecasting and severe weather
warning”

• Regulator (authority, competent authority)
• Network/infrastructure provider
• Data and information provider
• Products/services provider
• Educator and trainer, and research entity
Each NMS carries out all or some of these roles in varying
proportions.
The scope of NMS responsibility and activities may cover
a wide range of Earth-system areas such as: meteorology
(including climatology), hydrology, seismology,
volcanology, environment and space weather. In terms of
service provision, each NMS operates a service portfolio
that may include a set of basic and advanced services
provided to a variety of users. Most NMSs make the
distinction between basic services in the public interest
and additional value added services for specific industries
and customers.

3.1.5 Core role as a “single authoritative
voice” for public warnings
Each NMS has an implicit, or ideally an explicit, mandate
from its government to act as the agency providing
“official” or “authoritative” information for a defined
set of hazardous weather, climate and water conditions/
phenomena, therefore supporting the government’s
responsibility for the protection of life and property.
WMO policies and strategies have promoted the single
authoritative voice (SAV) concept; the rationale for the
NMS to serve as the SAV within its country is to ensure
the national DRM system is provided with an official
and credible decision-support information for timecritical high-impact decisions for disaster preparedness,
prevention and response.
The way the SAV responsibility of the NMS is defined varies
from country to country. Examples of the relevant wording
from national legal acts are given below (taken from the
contributions to this paper, contained in the Annex):

• “No person other than the [NMS] 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”
• “… only natural disaster forecast and warning
bulletins of the [NMS] can be officially used for
national disaster prevention”

3.1.6 Legal perspective to Members’
international commitments
The primary State legislation concerning meteorology
normally promulgates that the NMS is tasked to ensure
fulfilment of the obligations and commitments deriving
from the conventions and agreements to which the State
is a party. At intergovernmental level, this concerns
organizations like the specialized agencies of the United
Nations system, WMO, the International Civil Aviation
Organization (ICAO) and the International Maritime
Organization (IMO), as well as other international
organizations such as the European Organisation for the
Exploitation of Meteorological Satellites (EUMETSAT), the
European Centre for Medium-Range Weather Forecasts
(ECMWF) and the Regional Integrated Multi-Hazard Early
Warning System for Africa and Asia (RIMES).
In the case of WMO, Members “shall do their utmost to
implement the decisions of Congress” (WMO, 2021a),
which implies requirements for compliance by all NMSs
as primary counterparts of WMO in the countries, to
implement rules and procedures promulgated in the
WMO technical regulations, in designing and operating
their national systems. It also implies adherence to policy
decisions agreed by the World Meteorological Congress.
While WMO policies and technical regulations fall into
the category of “soft” non-binding legal commitments,
their reflection in the national legal and regulatory
framework is highly desirable as it provides strong
enforcement of compliance necessary to ensure global
harmonization and interoperability, which provides for
built-in contingencies.

6 “Global public goods” are defined as outcomes (or intermediate products) that tend towards universality in the sense that they benefit all countries,
population groups and generations (Kaul et al., 1999).
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3.2 Special applications sectors
Some services have a special importance for NMSs as they
are required by economic sectors particularly sensitive to
the weather, climate and water conditions. Such special
applications sectors are specified in Article 2 of the
WMO Convention, which defines one of the objectives
of the Organization as: “To further the application of
meteorology to aviation, shipping, water problems,
agriculture and other human activities” (WMO, 2021a).
Requirements for globally harmonized and standardized
services stem also from other international conventions.
In the case of aviation, governments of States that
are signatory to the Convention on International Civil
Aviation (Chicago, 1944) agree to certain principles and
arrangements so that international civil aviation may
be developed in a safe and orderly manner. ICAO and
WMO collaborate in the development of international
standards, recommended practices, procedures and
guidance for the provision of meteorological services
for international air navigation. Similarly, the IMO
International Convention for the Safety of Life at Sea
defines meteorological services for shipping as part of
the navigation safety services that should be provided
by contracting governments. Box 3 provides a brief
description of the aviation weather services, focusing
on regulator and provider aspects.
The responsibilities for activities related to operational
hydrology7 and other water-related areas are unevenly
defined by Member States and Territories. In some

countries, a set of hydrological and water management
activities and services form part of the NMS portfolio.
In others, the hydrological services are under the
responsibility of another entity designated as an NHS.
It is common not to have a centralized national agency
responsible for hydrology; rather, the responsibility may
lie with regional/local authorities.
A WMO hydrology survey conducted in 2020 provided
details of the institutional aspects of NHSs. Among the
101 participating Members and Territories, about 75%
had a single institution responsible for the operational
hydrology; almost 70% (of the 101 participants) indicated
that the NHS was administratively separated from the
NMS. In the case of separated NMS and NHS entities,
close coordination and collaboration between them
was of pivotal importance. According to the survey,
a formal coordination mechanism existed in about
70% of the participating Members and Territories,
which indicates a need for further work at national
level to improve the links and collaboration between
the meteorological and hydrological agencies. In this
regard, the role of a Hydrological Adviser to the WMO
Permanent Representative of the Member cannot be
overstated. As recommended by WMO, the Hydrological
Adviser “should be the Director of the respective National
Hydrological Service or other national hydrological
agency. The Member shall notify the Secretary-General
of such appointment. The Hydrological Adviser should be
consulted by and advise the Permanent Representative
with respect to operational hydrology and its application
to water management” (WMO, 2021a).

In some countries, the arranger of (regulated)
meteorological service for international air navigation is
also the provider. This represents a regulatory risk. There
is a notable trend to introduce a functional separation
between the entity responsible for arranging the service
(often the national civil aviation authority) and the entity
or entities responsible for providing the service (often
but not exclusively the NMS).
Over the past decade, the number of NMSs designated
to provide (regulated) services that conform with Annex
3 to the Convention on International Civil Aviation
(Meteorological Service for International Air Navigation)

has been in decline. Findings from a 2017 global survey
conducted by WMO indicated that while 60% of NMSs
are the designated aeronautical meteorological service
provider, the remaining 40% typically comprises a
mix of non-NMS entities including air traffic services
organizations, armed forces and commercial/private
sector enterprise (WMO, 2017b). For some countries, such
a trend poses economic and other risk factors for the NMS
because the provision of aeronautical meteorological
services is often subject to cost recovery. This means
that aviation end users, including airline operators, pay
for the meteorological services provided exclusively for
air navigation safety, regularity and efficiency.

7 “Operational Hydrology is the real-time and regular measurement, collection, processing, archiving and distribution of hydrological, hydrometeorological
and cryospheric data, and the generation of analyses, models, forecasts and warnings which inform water resources management and support water-related
decisions, across a spectrum of temporal and spatial scales. Operational hydrology requires capacity building and scientific and technical advancement
and innovation in the areas of observation, data standards and services, modelling, prediction, hydro-informatics and decision support, communications,
training, and outreach” (WMO, 2019a, Resolution 24, Annex 1).
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Box 3. Aeronautical meteorological services

3.3 Relationship with research
institutions
Strong links between NMSs and academia and research
institutions have been established in many countries
where NMSs conduct research in addition to their
operational activities and employ research personnel.
Some NMSs are defined as research institutions or
have research functions prescribed in their legal acts
(for example, MET Norway, National Meteorological
Administration of Romania and Servicio Nacional de
Meteorología e Hidrología (SENAMHI) of Peru).
To keep their observational and modelling capabilities
fit for purpose and adequate for responding to evolving
user demands, NMSs are dependent on the research
and development (R&D) carried out by academic
institutions. Therefore, they are open to collaboration
with the academic sector, and many have collaboration
agreements with universities and other research
institutions. Good practices for engagement with
research institutions include common projects, joint
positions and secondment of personnel, supervision
of students, ensuring open and free data exchange,
open software development, and sharing of models and
computational facilities.
It is also common for NMSs to collaborate with higher
education institutions in teaching meteorological courses
at universities or colleges. For example, the Tanzania
Meteorological Authority collaborates with the University
of Dar es Salaam in the establishment of courses such
as the BSc in Meteorology and MSc in Climate Change
and Sustainable Development, whereby experts from
the Tanzania Meteorological Authority teach students
pursuing these programmes.

3.4 Relationship with the private sector
The Geneva Declaration of 2019 stipulates that “achieving
the sustainable development goals will benefit from
inclusive partnerships amongst public, private and
academic sectors, as well as civil society, at global,
regional, national and local levels”. The declaration
further calls on governments “to put in place appropriate
legislative and/or institutional arrangements to enable
effective cross-sector partnerships and remove barriers
to mutually beneficial cooperation and collaboration”
(WMO, 2019a).
Most NMSs have embraced the fundamental idea
of PPE as a necessity for fulfilling their mission and
societal expectations. The different forms of collaboration
between the public and private sector stakeholders in

each country are subject to existing State laws and
regulations on corporate governance, public procurement
and competition. The basic principles of these laws
and regulations imply that all stakeholders have to be
treated equally, all players should avoid anti-competitive
behaviour and cross-subsidizing in their commercial
activities, and data exchange should be facilitated, as
needed for essential public purposes (for example, DRR).
For instance, the Meteorological Service Act of Japan is
intended to maximize private sector activities, while at the
same time to ensure the quality of various services that
contribute to public welfare. The Japan Meteorological
Agency (JMA) regulatory system includes a forecasting
licence system to ensure a certain level of quality of
private forecasting services, and a system of standards
and validation to ensure the quality of observations.
Another notable change during recent decades is
the change in the nature of the relationship between
NMSs and private companies. From a mostly “vendor–
customer” relationship in the past, in which NMSs
have purchased equipment from private manufacturing
companies (in many cases, complemented with capacitybuilding through training, or longer-term contracts
including technical assistance), there has been a move
towards service-oriented public–private partnerships,
which may be realized in the various segments of the
value chain.

3.5 Data policy
In October 2021, a Unified Data Policy (UDP) was adopted
at the extraordinary session of the World Meteorological
Congress (WMO, 2021d, Resolution 1). This established
the general principles of the international exchange of
Earth-system data among WMO Member States and
Territories. The policy reaffirmed the commitment to
the “free and unrestricted” exchange of data, which has
been the bedrock of WMO since it was established more
than 70 years ago.
The development of the WMO UDP was incentivized
by the explosive growth in demand for weather,
climate and water data products and services from all
sectors of society. As NMS responsibilities continue to
expand, a growing list of application areas beyond the
traditional weather, climate and water activities needs
to be supported by WMO observing, data exchange and
modelling systems. The WMO data policy must therefore
evolve to accommodate areas such as atmospheric
composition, oceans, cryosphere and space weather.
An important aspect of the WMO UDP is the definition of
two types of data exchanged among Members:
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• Core data – required to be exchanged internationally
under the free and unrestricted principle
• Recommended data – also encouraged for free
and unrestricted exchange but with the option for
Members to impose conditions on use
The implementation of the UDP in the coming years
should ensure stakeholders in the downstream
added-value chain, which is where value is created, get
access to increasing amounts of data. This is vital for
service delivery improvements, and reflects the strong
demand for increased free and unrestricted provision
of data from all sectors, including private sector data
users. However, the continuing budgetary pressures
faced by many NMSs inevitably maintain the pressures
to apply cost recovery for data services or to develop
commercial data service options. New issues have arisen
in recent years such as how to share the cost of handling
commercial satellite observation data in the international
exchange framework, or how NMSs can exchange data
procured from private companies.
As agreed at the extraordinary session of the World
Meteorological Congress in 2021, the coming years
should be marked by strong efforts by all Members
for the effective application of the UDP. Together with
enhancement of the global basic infrastructure, these
should help to resolve any data gaps and “data frictions”
that have a negative impact on the collective capability
of the weather, climate and water community.

3.6 Infrastructure
All NMSs build, maintain and operate the national
infrastructure needed for their information and
services mandates. The basic infrastructure comprises
the observation systems and networks, and the data
infrastructure needed to move, store, create and access
monitoring and prediction data among the stakeholders
of the weather, climate and water community.
Large parts of the national infrastructure underpinning
all activities in the weather, climate and water domains
are procured, installed, owned and maintained by NMSs
through government funding. A main component of
such infrastructure is the integrated surface-based
observations network, which is the backbone of
the national, regional and global systems for in situ
observations.
During the last few decades, the national networks have
grown in size and complexity, and a profound trend
for automation of the observations has taken place
(although not yet completed). The WMO global concepts,
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strategies and standardization requirements in the WMO
Integrated Global Observing System (WIGOS), the WMO
Information System (WIS) and GDPFS guide the national
infrastructure developments, to ensure the needed global
harmonization and interoperability.

3.7 Recent trends and 2021 baseline
Significant changes in NMS operations have occurred
over recent years in many countries. Such changes,
sometimes described as “major transformation”, have
encompassed all elements of the value chain. There
have been profound advancements in the automation
of observations, integration of new observational
data (including non-NMS data), modernization of
the technical infrastructure, improved access to and
utilization of advanced NWP, climate prediction and
projection data, and satellite and other remotely sensed
data. The operations of the most developed NMSs have
progressed rapidly, utilizing innovative technology and
improving the quality and usability of their information
and products at an unprecedented rate.
These technological advancements, together with
commensurate advances in Earth science, have driven
considerable forecast improvements, which, in turn, have
driven an explosion in the economic value of forecasts.
With accurate forecasts with longer lead times, all weatherand climate-sensitive economic sectors can plan their
activities to mitigate anticipated impacts to avoid or
reduce weather- and climate-related damages and losses.
Technological advancements (including communications
technologies) have changed the way NMSs provide
services for DRM, with the provision of more sophisticated
impact-based warnings and related information.
In terms of services, many NMSs have expanded the
delivery of their digital services by utilizing social media,
mobile apps and data portals. Strong efforts have been
made in the post-production of (freely available) model
data to drive quality and perceived value of end-user
products and the increased use of ensemble prediction
systems provided for development of more user-friendly
probabilistic products.
In contrast to the above successes, chronic issues have
persisted or even deepened in some least developed
countries (LDCs) where NMSs have been struggling
to provide and sustain a basic set of information and
services. Basic infrastructure has deteriorated due to
lack of funding, and there are still cases where, due
to financial and staffing constraints, the NMS cannot
operate around the clock. This polarized baseline should
be considered when discussing the expected operational
changes in the coming decade.

Noting the above differences in the starting point (the 2021
baseline) of the NMS of each country, the endpoint of the
10 year evolution trajectory will also be different. However,
with proper analysis of the driving factors, managers
will be better equipped to anticipate the changes and
shape the future of their organizations. Reducing the
capacity gap between NMSs of developed and developing
countries is a paramount strategic objective and a key
success factor of the global system of systems operated
collectively by NMSs under WMO coordination.
Key elements highlighting NMS achievements and
current challenges, which will be discussed in the next
chapters of this paper, are as follows:
• All 193 WMO Member States and Territories have an
NMS,8 which is the main WMO counterpart in the
country.
• National legal/regulatory frameworks defining the role
and operation of NMSs are present in most countries;
yet, in some countries, the legal basis of the NMS is
incomplete or missing, which may impose risks in
an increasingly multi-stakeholder ecosystem of the
weather, climate and water services.
• While their major roles and mandates are similar (with
a strong focus on the protection of life and property),
the level of maturity of NMSs and their capability to
fulfil such mandates vary significantly from country
to country.
• The overall linear progress of NMS performance in
the second half of the twentieth century has probably
been disrupted during the beginning of the twentyfirst century by external factors, like the climate
crisis, the steep technological advancements, and the
resulting rapid expansion of the weather and climate
services market opening doors for new players in the
value chain.
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Challenges related to essential infrastructure, ranging
from space to ground-based observations, from data
communication to computing facilities, are to be
addressed in many countries and by the international
community. Critical infrastructure is generally
perceived expensive, and the economic value (“positive
externalities”) it generates for users in the downstream
part of the value chain is not readily accessible to help
fund implementation and ongoing operation.

• NMSs in developed nations are steadily enhancing
their capabilities and performance through embracing
new technology and improving service delivery
modalities.
• NMSs in many LDCs and small island developing
States (SIDS) are incapable of meeting the
requirements of their governments and citizens for
vital weather, climate and water services. Continued
international development assistance has yet to
ensure a sustainable improvement path to fill existing
information gaps.
• Regionalization takes place in different parts of the
world, with intergovernmental organizations like
ECMWF, EUMETSAT, RIMES and others boosting
the collective performance of NMSs in participating
countries.
• The different speed of development within countries
creates the risk of an ever-expanding capacity gap.
This may marginalize some NMSs that severely lack
resources to adapt to the new paradigm.
• WMO and international partners are strengthening
capacity development efforts, targeting NMSs in
LDCs and SIDS, and prioritizing their long-term
sustainability and service orientation, which are
needed to fulfil their core mandates.
• Implementation of the WMO UDP provides an
opportunity to address the data exchange challenges
of the twenty-first century for the benefit of Members
and a wide range of other stakeholders. Successful
implementation over the coming years will be a key
success factor for the whole weather, climate and
water enterprise.

8 Following the terminology established in Chapter 1 of this paper, NMS is used here as a generic abbreviation not specifying the exact institutional
arrangements existing in a country.
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4. EVOLVING ROLE AND OPERATION
OF NATIONAL METEOROLOGICAL OR
HYDROMETEOROLOGICAL SERVICES
There will be a significant evolution in the way that
NMSs operate in this decade. Technological factors
will have a strong impact on the way organizations
execute their tasks; many traditional methods will be
replaced by new approaches, bringing efficiency and
improved quality of products and services.
This chapter describes expected major changes in the
role and operation of NMSs and discusses the related
needs for planning and adapting to those changes to
avoid possible disruptions.

4.1 Institutional aspects
While it is likely that the main purpose and mission
of NMSs will remain focused on the protection of life,
property and well-being, some aspects of the legal
frameworks will undergo changes to reflect the evolving
processes in the weather, climate and water community
at national and international scales. In this regard, the
new landscape of a multisectoral, multi-stakeholder
community, with a growing number of players from the
public, private, academic and civil society sectors, will
play an important role.

4.1.1 The role of national regulator
In the changing ecosystem of stakeholders in which
NMSs will operate, the need for defining roles,
responsibilities and competence of the various players
becomes even more important. As mentioned above,
in some countries, the legal framework assigns an
explicit regulatory function to the NMS (for example,
in China, Japan, Peru and United Republic of Tanzania).
The main purpose of such a regulatory function is to
ensure a coherent national weather, climate and water
services sector (often called “enterprise”) in which the
stakeholders participating in various parts of the value
chain are compliant with certain standards covering the
utilized technology, data sources, products, qualification
and competence of staff.

Recently, the need for a designated national regulator in
a multi-stakeholder enterprise, in particular in developing
countries, has been raised. NMSs have been encouraged
to work with their governments towards their designation
as the national regulator/authority to help an ordered
development of the monitoring networks, data processing
and forecasting systems and the provision of essential
public services. While not explicitly required by WMO
(except for the provision of aviation services, see Box 3),
the regulatory role could, in some cases, be an important
factor for enhancing the status of the NMS and for the
sustainability of its operations. It has also been promoted
by development partners like the World Bank.
The regulatory functions, such as, inspections, certification
and competency assessment, could be provided by
NMSs in developing countries on a cost-recovery
basis. However, to exercise such high-level governing
functions, the NMSs need to be equipped with the
necessary national government mandates, and should
be appropriately resourced, competent and staffed.
Moreover, they should be recognized by communities as
non-biased and transparent institutions with the highest
level of professional integrity.
NMSs taking the path towards a regulatory function and,
at the same time, acting as information and services
providers, should undertake measures to ensure there
is no conflict of interest between these two functions.
There should be no preference given to NMS services
if equal alternatives, including those coming from the
private sector, exist. State competition laws may be
applicable in such cases.
In some countries, assigning a formal regulatory role
to the NMS is not feasible, or may be considered
counterproductive for the development of the weather
and climate services market. Related to this, a trend
towards deregulation9 is seen in some countries. For
example, in Japan, JMA focuses on provision of most
fundamental public meteorological services (with no
commercial activities) and secures its neutral position as
the regulator of private meteorological services without
conflict of interest. Also, it continues the deregulation
of commercial services in accordance with technology

9 The term “deregulation” here denotes an evolution towards relaxed regulations to enable wider participation of stakeholders from different sectors
in certain service domains. It is interesting to note that both trends exist today in different countries – one towards more stringent regulations, and one
towards relaxing regulations. This could be explained by the different maturity of the services market or overarching government policies.
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advancements in the private sector, to remove barriers
and further incentivize the private sector to expand its
services through market competitive processes.

The concept of SAV in the provision of warnings will
remain highly important for NMSs in the coming years.
The core of the concept of having an official competent
source of decision-support information in DRM can be
realized in different ways. DRM activities in countries
are multisectoral and multiagency, with participation of
central, regional and local authorities. The NMS may not
be the “single” agency responsible for warnings for all
hazards; other entities may carry warning responsibility
for some hazards such as floods or seismic hazards.
National Multi-Hazard Early Warning Systems (MHEWSs)
are normally coordinated and led by the designated civil
protection agencies with the overall responsibility for
disaster preparedness and response. Thus, NMSs need
to be clear about their authoritative or official voice
role, based on the relevant legal mandates and areas
of competence.
Furthermore, enhancing coordination among all DRM
players is crucial for effectiveness of the actions for
protection of life and property. A good practice in
this regard is the National Hazards Partnership and
the Scientific Advisory Group for Emergencies in the
United Kingdom, to which the Met Office contributes
substantially. Coordination is also needed at the
international level, due to the cross-border nature
of some hazards. Multi-hazard approaches are also
needed to address possible combinations of hazards
(for example, landslides triggered by floods).
A challenging issue related to the SAV in the future is
the proliferation of service providers in the forecasting
domain, including the growing number of private
companies (based within or outside the country) providing
warning-like information for the country. Thus, there is a
risk of creating confusion due to conflicting information
from different sources, which may have a negative
impact on DRM actions. However, in countries where
the NMS lacks capacity for the provision of accurate and
effective warnings, cooperation with other providers
in different forms of public–public engagement or PPE
could enhance the delivery of critical safety services to
the citizens. For instance, at the international level, the
cascading forecasting process to make efficient use of
NWP products of the most advanced GDPFS centres has
been designed, with WMO regional centres providing

Crown Copyright © Met Office

4.1.2 Evolution of the single authoritative
voice function and support to Multi-Hazard
Early Warning Systems

less-resourceful NMSs with the mission-supporting
products and services they need (WMO, n.d.b).
A strategic priority for the coming decade will be the
development of NMS capability, in partnership with DRM
stakeholders and the broader user community, to provide
impact-based decision-support information, improve the
outreach to all vulnerable groups, address the hazards
and manage the risks related to the impacts of climate
change. Many NMSs are still lacking the necessary
competency and partnerships to effectively implement
such approaches. Therefore, building such capacity and
sharing good practices will be extremely important in
the coming years. Initiatives taking place in example
contributing author countries include:
• In Peru, the ENFEN Commission10 comprises relevant
technical national institutions including SENAMHI,
with the purpose to assess and forecast atmospheric,
oceanographic, biological/fisheries, ecological, marine
and hydrological conditions associated with El Niño
for risk management.
• In Romania, the National Meteorological Administra
tion provides warning information in support of the
national RO-ALERT system (implemented under the
leadership of the Ministry of Internal Affairs and
its emergency situations departments), sending
emergency alerts to the population by means of
infrastructure owned by mobile communications
operators in the country.
• In the United States, the WRN initiative is aimed to
realize the full intrinsic value of forecasts and warnings
through Impact-based Decision Support Services
(IDSS) (where 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).

10 A multisectoral commission charged with national study of the El Niño phenomenon.
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Furthermore, when planning for their enhanced
MHEWS capabilities, NMSs need to consider how to
encompass more phenomena affecting public safety,
such as the health impact of hazards, hazards to critical
infrastructure lifelines (for example, water, energy and
transport), hazards to communication infrastructure (for
example, space weather) and so forth. Experiences from
the COVID-19 pandemic point to the need to develop
comprehensive contingency plans at national and
international levels, to ensure continuity of the provision
of essential public services (for example, with regard to
critical infrastructure) in the occurrence of consequential
crises.

and practices applied by NMSs will be harmonized in line
with WMO Resolution 1 (WMO, 2021d), with expanding
free and unrestricted access to their data.

4.1.3 Data policies

The coming years will be a period of evolving NMS
data policy and practices, steered by international
commitments, national legal frameworks and demand/
supply market conditions. Current practices vary
between two extreme cases – from NMSs providing all
their data on a “free and open”11 principle (an extension
to WMO free and unrestricted requirements), to those
who tend to minimize the data provided on the “free and
unrestricted” basis and impose conditions, including
commercial data provision to certain users. There are
also nuances on applicable data handling charges to
users.

As highlighted in Chapter 3 above, the WMO UDP is
an internationally agreed commitment by all WMO
Members. It is expected that the national data policies

Contributing authors to this paper have outlined examples
of existing national data policies and practices, which
are summarized in Table 2.

Table 2. Examples of existing national data policies and practices
State/
territory/
international
organization
China

Type of data policy applicable
to the NMS
Open and free of charge based
on an open data list

Access to open data
provided by the NMS:
arrangements and
methods

Additional information
and conditions

Download from website
Web application
programming interface
(API)

Colombia

Open and free of charge

Germany

Open and free of charge

Bulk download and
prototypical web-based
services

Formulated as an exception to
the rule that costs need to be
covered

Japan

Data produced or collected
intended for general use,
such as observation results,
forecasts and warnings – free
of charge

Website

Marginal data handling costs

Private users get access
through the Japan
Meteorological Business
Services Support Center

Data for free

New Zealand Government
Open Access and Licensing
framework, not mandatory
for SOEs, including the
Meteorological Service

Licensing arrangements
consistent with the New
Zealand Government Open
Access and Licensing
framework

Commercial data subject to user
charges that reflect the cost of
data and commercial value

New
Zealand

Data tiering approach –
open access (basic data and
public forecasts/warnings) or
commercial

No charge for data provided for
non-commercial purposes

11 There are many definitions of “open” data access, for example: “open data is data that can be freely used, re-used and redistributed by anyone - subject
only, at most, to the requirement to attribute and sharealike” (Open Knowledge Foundation, n.d.).
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Norway

Open and free of charge
All data (observations, model
output and post-processed
products)

Peru

Open data with arrangements
for public data sharing

Available through
machine-readable APIs

Freely available online
National Meteorological,
Hydrological,
Agrometeorological and
Atmospheric Watch Station
Registry (SENAMHI)

Official granting of conformity
licence for inclusion of private
data in SENAMHI will have an
associated processing fee

Romania

Data needed for public
services are provided for free

Other data demands are
subject to contracts, including
commercial

Russian
Federation

No specific data policy
established

Private users can obtain data
through commercial contracts

Some core data provided for
free
South Africa

Data policy differentiating
between paying and
non-paying customers

Requests for data to be used for
commercial purposes carry a fee
determined by a pricing model
Data provided for
non-commercial purposes carry
a handling fee

United
Kingdom

United
States

Data Strategy Framework
provides open access to data
wherever possible

Increasingly applying
open licences to the use of
environmental monitoring,
prediction data and
advisory guidance

“Paid for” data services as part
of economic activity

The National Oceanic and
Atmospheric Administration
maintains a policy of free and
open access to environmental
information in accordance
with WMO and Group on Earth
Observations resolutions

Publicly available through
a web-based interface and
services

No charge for data and no cost
recovery

Viet Nam

Data required by State
agencies for public services
are provided for free

ECMWF
(the data
policy of
ECMWF is
decided by
its member
States)

NMSs of ECMWF member
and cooperating States and
users authorized by them are
granted full access

EUMETSAT
(the data
policy of
EUMETSAT
is decided by
its member
States)

Most data are provided free of
charge

Narrow set of non-critical/
essential data covered by
licensing agreement
Other users and individuals pay
charges determined by the law

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
Others are open under an
open data licence only

Free of charge access to data
to research institutions and
developing countries

Handling fees for open data
access may apply

Need to recognize the
owner of the data through
licensing and controlling
the rights of redistribution
of the data

Handling charges apply
for archived data
Commercial organizations obtain
a licence for access to the full
catalogue of real-time products
for commercial use
Moving to fully open data policy
by 2025–2027
Some datasets can be acquired
against a paying licence, mainly
for commercial applications
More liberalization in coming
years

Sources: Contributions to this paper as of 2021, contained in the Annex
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There are studies and considerable evidence (for
example, a comprehensive study for Copernicus data
policy; Copernicus, 2019) that the free and open policy
for access to public data maximizes the socioeconomic
investments in obtaining these data. Experience of NMSs
applying such an approach also demonstrates large
benefits in delivering services and products to the public.
Other positive aspects of the open data policy include:
increased visibility in the NMS, increased use of data
by the public and private sectors, and better feedback
on data quality, which guides efforts to improve quality
of observations, model outputs and end-user products.
Special arrangements apply for giving free and open
data access for non-commercial activities, research and
education through the principle of findable, available,
interoperable and reusable access (GO FAIR, n.d.).
Most NMSs make their data available for research and
education purposes.
There are other national and regional policy factors
driving open public data in general, which will affect
NMS data policy. For instance, the European Union
Open Data Directive 2019/1024 and the recognition of
meteorological data as high-value datasets will lead
to more NMSs in European Union member countries
providing their data on an open and free access basis.
The European Union’s Earth observation Copernicus
programme provides vast amounts of global data
from satellite, ground-based, airborne and sea-borne
measurement systems, together with processed data
provided by Copernicus services, free and openly
accessible to users. Member States of European
organizations like ECMWF and EUMETSAT have already
expanded and facilitated open access to their huge
volumes of data, with further plans towards fully free
and open data access within this decade.
In contrast, in many developing countries, various forms
of restriction of free dissemination of NMS data still exist
as a way to compensate for government underfunding
of NMSs. National legal acts or regulations require
payments for basic weather, climate and hydrological
data available in NMSs. This creates a “lose–lose”
situation: total NMS income from selling data is low
(usually below 3–5% of the budget), which does not help
to improve the quality of data and services. Clients tend
to minimize the buying of NMS data necessary for their
business (which are often of inadequate quality), and
build their own networks to compensate for the data
gaps. Such an ineffective use of resources on the national
level should be addressed by evolving the data-sharing
practices through dialogue and PPE.

It is likely that the nuances in the data policies applied
by NMSs will remain a challenge in the coming years.
WMO plans to monitor and support the implementation
of Resolution 1 (WMO, 2021d), which will require many
NMSs to review and adjust their policies and practices.
Data policy considerations should encompass the
expected significant growth of commercial observing
capabilities, which will play an increasing role in
enhancing weather and climate services capabilities. The
option to procure commercial observations where they
provide demonstrable value to the NMS capability and
efficiency is becoming more viable, thus the question of
exchange of and access to such datasets falling within
the scope of the “core data”, as defined in the WMO UDP,
will need to be addressed urgently.

4.2 Evolving operating and business
models
As mentioned earlier, the operational models of NMSs
vary significantly from country to country, based on
the different legal frameworks and administrative
arrangements. NMSs operate in a range of environments,
from those that are highly regulated to those that are
entirely driven by the free market.12
One of the most important aspects of the operating
models is the way NMSs receive funding for the
activities in their remit. In almost all countries, a
model based on full government funding of the NMS
dominated during most of the twentieth century: “the
NMS has been seen, along with the police, the army,
the national radio broadcaster and a few others as
an essential component of the national taxpayerfunded government infrastructure” (Zillman, 1999).
The public funding of NMSs helped at international
level to maintain and operate the global systems
coordinated by WMO.
The picture has changed over recent decades into a
hybrid-funding model, including public funding for those
activities delivering essential public good (for example,
DRR support), complemented by cost recovery from
specialized users and/or self-funding from commercial
activities. Among the main reasons for the changing
business model are the systematic underfunding through
the public budget – a particularly acute problem in
developing countries – and, related to this, a push to
offset the cost of the NMS to the taxpayer.

12 Here, NMS business model is taken to be the general plan for the successful operation of the organization, identifying sources of financing/revenue,
intended customer base, portfolio of products and other organizational details helping to understand how the NMS operates as an entity.
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Box 4. NMS non-commercial and commercial activities
Non-commercial (non-profit) activities cover primary
public tasks undertaken on behalf of the government,
delivering underpinning capabilities and essential
public weather, climate and water services. Customers
of these services include relevant government and
industry stakeholders, as well as the public. Through
non-commercial services, NMSs support the public
task of other government departments with weather
and climate capability and information, such as the
ministries/departments of environment, agriculture,
defence, public works and civil protection. Among those
tasks, the NMS usually has a statutory duty to preserve
the meteorological public records via a meteorological
(and other related, for example, hydrological and
climatological) archive service.
Commercial activities are undertaken to generate revenue
through various forms of contracts with customers

Within the weather, climate and water services enterprise
as a whole, the business models vary between the fully
State-funded public organizations and the fully privately
owned and funded companies. The basic difference in the
funding model is in the “non-profit” versus “for profit”
type of service delivery to various customers. Recently,
the number of private companies entering the weather,
climate and water services market has increased through
the use of venture capital as initial or growth investment.
Depending on the financing mechanisms, NMS activities
can be “non-commercial” or “commercial” (see Box 4).
In many countries, NMSs have owned most of the
production pipeline or value chain, from observations
through to information or services, while cooperation
with academia and research institutions has provided
the underpinning R&D. Present NMSs feature different
business models, ranging from covering the full value
chain to just NWP, from being competent for just weather
warnings to being in charge of multi-hazard systems
(earthquakes, volcanoes or tsunamis). As other players
develop capabilities at different points of the value chain,
possible new solutions for leveraging infrastructural
capacities will arise within the context of public–private
partnership. A more modular system will emerge with

(or end users). When an NMS undertakes commercial
activities, legislation around competition applies to those
activities to ensure it does not distort any commercial
competitive process or grant an unfair advantage to any
party. Commercial activities help to offset the cost of
the NMS to the taxpayer and may contribute to market
creation, demonstrating how weather and climate insight
can be used to deliver real impact across industry.
Certain activities are provided on a cost-recovery basis
– they bring revenue to the NMS but under a “nonprofit” condition. A typical example is the provision of
the regulated aeronautical meteorological services. For
these services, the provider (NMS or another designated
entity) can charge end users the actual cost of the service
generation and delivery. Similarly, some data services
are provided with a “handling charge” paid for by the
recipient of the data.

different players acting on the upstream and downstream
part of the value chain. New players have already
emerged as providers of specific observational data
or networks, computing services or tailored specific
services. Given the huge technological infrastructure
operated by NMSs, a smart approach for such partner
investments would be to build on top of rather than
replicate existing systems.
NMSs operating under hybrid business/funding models,
combining State-funded non-commercial activities and
revenue generation through charging regimes (including
cost recovery), may take different forms. For instance, the
New Zealand MetService has been established as an SOE
and operates as a business entity. The Meteorological
Services Act of New Zealand (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 recognizes MetService as the New Zealand Alerting
Authority for marine, aviation and land-based severe
weather.
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Types of funding/business/operating models
and how they are applied in different countries
NMS funding models have been discussed previously
(for example, by Zillman, 1999; Rogers and Tsirkunov,
2013; Usher et al., 2018; World Bank, 2020). The following
main financing models have been identified:
• Fully State-funded NMSs providing essentially all
meteorological services to the community and major
specialized user groups (Model A).
Note: Collection of charges, such as data handling and
processing user queries, which bring some minimal
revenue mostly as cost recovery, could be considered
under this model (for example, the case of Peru); no
special “commercial arm” exists in this case.
• State-funded core infrastructure and essential
public services; specialized services based on cost
recovery or commercial basis by a separate financially
decoupled commercial arm (Model B).

• Range of commercial or corporate models, including:
 “Partially commercialized” or “trading fund” –
revenue from the commercial activities is partly
used to support the cost of the basic infrastructure
and operations (Model C1).
 “Fully commercialized” – all costs of operations
must be found from real or surrogate customers
(many of them from other government departments
or agencies) (Model C2).
 “Corporatized” or “privatized” – the NMS
operates as a business, subject to company laws
and accounting practices, and aims to provide a
dividend to its stakeholders (which may be the
government itself). The most common type is an
SOE (Model C3).
Table 3 gives examples of business/operating models
from the contributing authors and a business model
label assigned accordingly.

Table 3. Examples of NMS funding/business/operating models
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State/territory (model label)

Business/operating model description

British Caribbean Territories
(Model A)

The Cayman Islands National Weather Service is a State-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 are part of government earnings.

Colombia (Model B –
contracts with regional
authorities)

The Ideam business model is associated with resources provided by
the national government and by agreements with other institutions and
stakeholders interested in having more detailed information at the regional
level.

Curaçao and Sint Maarten
(Model A)

The Meteorological Department is the service provider for meteorology,
climatology and sea state. The Department of Hydrology is the service
provider for hydrology. The NMS is funded by the government, and the
national Department of Finance will receive the recovered costs.

Japan (Model A)

JMA is funded by the government and does not perform commercial
services.

New Zealand (Model C3)

MetService is a fully commercial entity, funded through commercial contracts
with private and public sector customers.

Norway (Model B)

MET Norway is a State-funded core infrastructure, providing essential public
services and essential services for governmental agencies. It uses cost
recovery for additional services for governmental agencies and civil and
military aviation. It is research funded through a combination of competitive
mechanisms (national, European Union and international) and governmental
funding. It is allowed to carry out commercial services based on full cost
recovery and a profit margin.

Peru (Model B)

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 about 2–3%
of the total budget.

Romania (Model B)

The National Meteorological Administration is financed about 80% from the
State budget, through the budget of the Ministry of Environment, Waters
and Forests, and about 20% from tariffs collected for the provision of specific
services in meteorology and other specific services.

South Africa (Model C3)

SAWS is a State-owned company (SOE) established by the SAWS Act and is
funded through 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.

United Kingdom (Model C1)

The Met Office is a Trading Fund and Executive Agency operating under the
Department for Business, Energy & Industrial Strategy. As a trading fund, it
operates non-economic and economic activities. Such a model allows the
Met Office to fulfil the key and underpinning weather and climate activities of
the United Kingdom while also supporting users in industry and beyond to
make better decisions. The commercial return is used to offset the cost to the
United Kingdom taxpayers of the non-economic activity.

United States (Model A)

NWS is completely funded by the United States Government. NWS does not
consider a business model based on revenue, but rather a service model.

Viet Nam (Model B)

Parts of the basic systems are 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
defence and security.
Specialized, value added products and services for users can be
commercialized to increase revenue for the State.

Sources: Contributions to this paper, contained in the Annex
In coming years, there will be further work on clarifying
or enhancing the business/operating models of NMSs.
There is no “one-size-fits-all” solution, and a variety
of models will exist in different countries because of
the specific legal/governance framework. One main
factor will be the level of financing provided by the
government for the effective functioning of the NMS
value chain, for sustaining the current operations and
also for the massive investments needed for deploying
new technological solutions. Another factor will be the
level of engagement and collaboration among the sectors
along the value chain in response to expanding needs for
services of “public-to-business”, “business-to-business”
or “business-to-public” types. Such engagement and
collaboration will be further affected by the “big data”
and “artificial intelligence” (AI) paradigms.13
Two tendencies are seen with regard to the evolving
funding and operating models. First, in some developed
countries, NMSs enhance their performance through
strong government support and funding, with a focus

on the core functions as infrastructure and information
provision, and provision of critical safety-related services
in support of DRM. Such NMSs operate as public goods
provider entities and are not engaged in commercial
activities, leaving ample space for business-to-business
services to be provided by private sector stakeholders.
Second, in countries where NMSs are lacking sufficient
public funding for their operations and modernization,
the tendency is to apply models allowing commercial
activities to create their own revenue to fill the financial
gaps. Such examples exist in Africa (for example, Nigeria,
South Africa and United Republic of Tanzania), where,
through appropriate legislation, NMSs have become
more independent, and are allowed to generate revenue
through commercial services, along with the provision of
public good types of services funded by the government.
However, the success of such models depends on the
maturity of the business-to-business market in the country
and user willingness to pay for services, which is linked
to the open availability of data with equivalent quality
on the Internet.

13 OCP White Paper #1 (WMO, 2021c) discusses these (relatively) new paradigms in more detail.

22

The growing complexity of the business landscape in
all areas of NMS activities will require more studies
and guidance in the coming decade. Many NMSs
lack experience and capacity to operate in a highly
competitive environment of the weather, climate and
water services market. WMO and development partner
organizations need to intensify their assistance and
guidance to NMSs in developing countries in making
choices of funding and operating models relevant to
their specific economic conditions. As suggested by
the Geneva Declaration of 2019, there is a strong need
to engage economists “to better understand business
models and economic frameworks for the provision of
weather, climate, water and environmental services,
and to work towards innovative and mutually beneficial
approaches” (WMO, 2019a).

4.3 Evolving operational environment
The main drivers of operational change foreseen for the
coming decade will remain linked to the:
• Growing demand for information and services, based
on urgent socioeconomic needs and the expanding
weather, climate and water services market
• Rapid advancements in science and technology
• Changing landscape of the weather, climate and water
enterprise, and related institutional and business
modalities

© iStock

These drivers are intertwined and linked to the institutional
changes discussed above. It may be expected that the
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societal impacts from a changing climate will likely have
an equal or even larger impact on the operations of future
NMSs than technological advancements.
The demand factor is linked to the need by all governments
to reduce the impacts of weather, climate and water
stress in all economic sectors and to manage associated
risk. This generates a steadily growing demand for
more user-specific information, services and analytical
studies. The international developments driving these
demands include the SDGs under the 2030 Agenda for
Sustainable Development, the Paris Agreement and the
Sendai Framework for Disaster Risk Reduction 2015–2030,
which all require informed government strategies and
actions to fulfil their international commitments.
The science and technology advancements and the
“digital transformation” will affect all elements of the
value chain. While the changes are bringing enormous
new opportunities and new levels of capacity to answer
the societal needs, some may also be disruptive for
NMSs due to inadequate resources to keep pace with
the innovative technological solutions.
The growth and diversity of the private sector
stakeholders during the first two decades of the twentyfirst century have been a significant driver for change
in NMS operation. Many private sector companies are
major customers of NMSs, using their observational
data and forecasts to produce value added services to
specific customers. The manufacturing part of the private
sector has also undergone evolution towards serviceoriented solutions. The information and communications
technology (ICT) sector today provides web and cloud
services that allow NMSs to outsource significant parts

of their “in-house” ICT in a cost-efficient manner. The
growing volume and quality of data generated by private
sector stakeholders augment the NMS data (and other
public sector data, for example, from international
organizations like ECMWF and EUMETSAT), which
creates opportunities and challenges related to utilization
of data and exploration of relevant business models.
Altogether, NMSs have a significant task to find optimum
solutions to adapt their operations in the changing
landscape.

sector agencies and private sector players. A system for
quality assessment and monitoring (run by the NMS or
a third party) would ensure the integrity of the national
observing infrastructure system.

4.3.1 Basic infrastructure

For the communication and data-sharing infrastructure,
a major move towards WIS 2.0 should be planned and
implemented by NMSs in the coming years. The growing
variety and volume of data used by NMSs make the
current WIS data discovery and access methodologies
an unsuitable solution for Earth-system monitoring and
prediction. The adoption and integration of lightweight
standards and protocols, cloud technologies and the
public Internet allow WIS 2.0 to provide low-barrier
infrastructure, data and services, resulting in easy and
approachable data sharing for all the weather, climate
and water community. Its implementation in the coming
years will bring a new approach that makes the data
accessible to all NMSs, especially those of the less
developed Members, as well as to external organizations
fostering research and supporting the evolution of WMO
programmes.

Modernization of the national observation and information
systems will continue and expand, with the main goal
being to enhance the monitoring and forecasting
capacity and advance the digital transformation of
all hydrometeorological tasks based on automation,
multiobjective integration and accelerated uptake of the
science and technology advancements.
Sustainability and growth of the basic observing
infrastructure are major challenges facing NMSs in many
countries. The new requirements for the density and
frequency (spatial and temporal resolution) of the surfacebased observations stemming from the WMO Global
Basic Observing Network (GBON) are to be implemented
in coming years. Addressing the observational data gaps
will be a major task for the coming decade at national and
international levels. Furthermore, solutions for resolving
the gaps should consider opportunities provided by the
future improved numerical prediction systems.14
There will be a growing need to coordinate, nationally
and internationally, the planned investments in
observational networks with those for development of
numerical prediction systems, considering the impact of
observations on forecast skill. An integrated system-ofsystems approach should be used with considerations
of scope, complementarity and cost–benefit analysis at
all time and space scales. The global coordination role
of WMO will continue to be important for optimized
investments based on the WIGOS concept, with
broadening participation of the private and academic
sectors.
The multidisciplinary Earth-system approach brings
expectations that NMSs will contribute to and benefit
from environmental monitoring and prediction.
A future national integrated observing infrastructure
will comprise a core backbone system (with in situ as
well as remote-sensing elements) operated and owned
by the NMS, augmented by other observing systems
(in situ and remote sensing) operated by other public

Sustainability of expensive infrastructure elements (for
example, satellites, weather radars and high-performance
computing (HPC)) may be addressed through approaches
like “observation as a service” (OaaS) or “infrastructure
as a service” (IaaS). The economic viability of such
outsourcing solutions should be explored.

WIS 2.0 will facilitate data access to the growing
community of other potential users worldwide and will
help to bridge the capacity gap. WIS 2.0 will stimulate
development of new products and value added services,
by making global data more reliable, accessible and
exploitable. The implementation of WIS 2.0 will begin
with experimental tests in pilot centres in 2023, and
is expected to start the transition phase from 2024 for
operational implementation everywhere by 2030. This
migration to WIS 2.0 provides an opportunity to work
together with the private sector, particularly multinational
information technology (IT) companies, to provide
cost-effective communications infrastructure that is
sustainable in the long term.
NMSs will continue to contribute to and benefit from
GDPFS. The evolution of GDPFS with its network of
global, regional and national centres is planned towards
a seamless Earth-system modelling approach. This
approach is based on coupling among the atmosphere,
ocean, sea ice, land and water, and will bring the potential
for integrated prediction and analysis products and
services for much more accurate and useful applications
related to weather, climate, water and the environment.
Increasingly operational predictions will be issued

14 See OCP White Paper #1 (WMO, 2021c) for more details.
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for aspects of the Earth system outside the realm of
traditional weather forecasting.
GDPFS will evolve to exploit this unprecedented potential
for the benefit of all WMO Members. Earth-system
models will increasingly become the foundation of
the future Seamless GDPFS (S/GDPFS). S/GDPFS can
reach its potential in society only if the forecasts can be
accessed seamlessly by all NMSs of WMO Members.
There will be a strong effort to address the issues related
to the ability of NMSs to access the ample amount of
advanced numerical products. In many developing
countries, this access remains compromised, starting
with basic limitations in connectivity. All these aspects
are being addressed in a road map for S/GDPFS, which
will help NMSs to plan how to build required connectivity
and make full benefit of available products for a better
service to their national users and customers.
Major changes in NMS modelling and HPC assets are
expected in the coming decade (WMO, in preparation a,
in preparation b). Long-term planning for upgrades and
new HPC systems have been established for the main
NWP centres in developed countries. In some countries
(for example, the United Kingdom), the modelling and
HPC assets are increasingly recognized as a “national
capability”, which might be used for applications beyond
the core weather and climate purpose.
With the expectation of major NWP improvements from
the World Meteorological Centres (WMCs) deploying
models and ensembles with higher spatial and temporal
resolutions,15 NMSs should plan their processing and
modelling infrastructure capacity to make full use of
the forecast data or model-based reanalysis data from
those centres. Such an approach would provide for
optimization of the investments and maintenance cost of
NMS systems, possibly freeing and redirecting financial
resources for other critical functions.

4.3.2 Technological advancements –
automation, new data sources, big data,
cloud services
There has been significant progress in the automation
of NMS observing networks, reaching almost 100%
in some developed countries. The advancement of
automation, coordinated and guided by the WMO
Technical Commissions, will continue in this decade. To
enable this at a global scale, the existing capacity gap
of NMSs in developing countries that are struggling to
maintain and sustain their current observing capabilities
must be addressed urgently.

15
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See OCP White Paper #1 (WMO, 2021c) for details.

Third-party in situ and satellite data, data obtained
through new drone platforms and “Internet of things”
data will bring enormous growth of data, which will be
available in various ways in the coming years. Further
studies are needed to determine the usefulness of such
data and the ways NMSs can integrate them into their
operational systems. Consequent adaptation of NMS
operations may provide for optimized cost-efficient
solutions for the observing networks.
Regional approaches will also affect NMS operational
systems, and can bring efficiency and mutual benefit.
For instance, European NMSs have recognized the
benefits of working more closely together to meet
their shared observational needs over Europe and the
North Atlantic. The experience of the European Network
of National Meteorological Services (EUMETNET)
in setting regional collaboration programmes with
demonstrated efficiency needs to be studied and
eventually replicated in other regions. Such regional
approaches may help to fill observational gaps, explore
new observation methods, efficiently share and quality
control available meteorological data, coordinate
development and provide a platform for knowledge
exchange. These will consequently enhance NMS
capacity for weather- and climate-related services and
advice for policymakers.
Looking 5–10 years ahead, there are several significant
changes based on anticipated technological advance
ments to consider, as follows:
• The continued growth in volumes of data that NMSs
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. It is becoming unrealistic,
unaffordable and soon will not even be possible for all
NMSs to distribute the highest-resolution data within
a useful time frame in the ways done previously.
• Changing expectations regarding data use. Govern
ment agencies, industry, academia and citizens all
want convenient and easy access to meteorologicalbased data at scale for their specific user demands.
Developers want to be able to 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.
• Rapid advancements in provision and uptake of
cloud computing services, with continued significant
investment from large, international IT companies in
their public cloud platforms.

• The use of readily usable AI tools, such as
machine learning (ML). These will transform the
way organizations 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, NMSs must also invest in the
ICT infrastructure needed to enable their stakeholders,
partners and customers to effectively use the enormous
quantities of data that will be produced.
NMSs might respond to these changes in the following
ways:
• Government-funded modelling centres, such as
WMCs, are already 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 resources that can be provisioned on
an as-needed basis means that data can be used in
situ, without the necessity of downloading a copy
to local infrastructure. This enables anyone – be
they NMSs, small and medium-sized enterprises,
scientists developing Earth-system models or talented
individuals – to access, process, combine, analyse and
use vast quantities of data. Technical standards such
as the Open Geospatial Consortium Environmental
Data Retrieval API (Open Geospatial Consortium,
2022) are 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.
• Building and operating cloud-based data platforms is
a complicated and expensive challenge and beyond
the reach of many NMSs. A communal approach can
collectively provide the capability needed for all NMSs
to leverage advancements in science and technology
to deliver public services and become more resilient
to environmental impacts from the changing climate.
Within WMO, it is possible to envisage a future where
WMCs provide capabilities such as cloud-based data
platforms with access to high-fidelity forecast data
upon which NMSs and other stakeholders can build
their own applications and services.
• OCP White Paper #1 states that implementing
numerical Earth-system and weather to climate
prediction systems “with post-processing, production
and visualization on the cloud may offer a unique
advantage for developing countries” (WMO, 2021c).

By leveraging cloud platforms, smaller NMSs will
have the ability to develop and run their own product
generation on data from WMCs and other sources.
This would enable provision of services based on
high-quality modelling output, but without needing
the resources and expertise necessary 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 “turnkey” solutions,
enabling smaller NMSs to implement new services
and benefit promptly from improvements in science
and forecast quality.
• The application of ML to weather and climate
prediction post-processing is an active field of
research. Another significant use of ML is to combine
raw data from weather and climate predictions with
socioeconomic data to determine impact (for example,
in the context of risk assessments), 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
proficient, which prompts for future PPE operational
solutions.
For this vision of widely accessible cloud-based data and
information to become a reality, there are four issues to
be addressed:
• Coordinating development of the cloud-based big
data platforms by WMCs and others to ensure a
consistent approach.
• Defining the business models and governance for
provision and use of the cloud-based infrastructure
and services operated by WMCs and others.
• Rethinking the focus for training and capacity-building
to ensure NMSs are all able to take advantage of the
increasing amount of shared data and paradigm shift
in technologies.
• Working with industry to develop new technical
standards and tools that enable interoperability
among different cloud platforms where provisioning
and configuration workflows are repeatable and
standardized.
In terms of HPC technology, the landscape is undergoing
rapid evolutions; the efforts needed to adapt models
to new architectures (from central processing units to
graphics processing units and quantum computing in the
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future) will be tremendous (WMO, in preparation a, in
preparation b). It is not expected that all NMSs will have
the capacity to adapt their regional/local models with the
required fast pace and resources on their own. This is
an area where collaboration among NMSs, with global
centres and with the private sector, will help tackle these
challenges in a joint approach. NMSs could collaborate
regionally to procure and maintain infrastructure and
should make full use of the cloud computing resources
available, which will provide the technology to run
applications in a suitable environment.

The sustainability of the basic infrastructure is a critical
issue for future meteorological services in all countries.
However, the issues facing the NMSs of highly developed
countries and those in the less developed countries or
LDCs are significantly different.
As the complex NMS infrastructure interlocking systems
age, reinvestment and recapitalization are a significant
cost and mission risk. In collaboration with partners
and stakeholders at national and international levels,
NMSs need to set multidecade development and
investment plans to ensure continuity of observations.
The challenges of maintaining the observing, computing
and dissemination infrastructure are linked. These
capabilities are interdependent, have separate timelines
for development and renewal/replacement. However,
when revising one part of the system, the other
components must be considered, including how future
capabilities may need to be accommodated.
The wide value of such infrastructure (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
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While access to the Internet remains expensive in many
developing countries, anecdotal evidence indicates that
affordability, reliability and accessibility is improving.
WMO could play a valuable role in collaboration with
the International Telecommunication Union – negotiating
with industry on behalf of NMSs to develop affordable
tariffs for use of ICT infrastructure in support of
public good activities that contribute to saving lives
and protecting economic assets. As a move is made
away from the bespoke solutions of GTS to the widely
adopted technologies proposed for WIS 2.0 (for example,
the Internet and web technologies), it will become
increasingly easy to source the necessary infrastructure
because commodity solutions will meet the needs. There
are significant challenges ahead for the community in
responding to the continued growth in data volumes
and increased demand for that data from the growing
global weather, climate and water community.

4.4 Sustainability of the basic
infrastructure

Centennial Station – Slovenia
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EUMETSAT or through coordination bodies such as
WMO. The growing availability of end service products
(for example, from the private sector) risks obscuring the
criticality of the aforementioned infrastructure. There is
a need for balancing the perception of the infrastructure
as a pure cost with a sufficient level of understanding of
their role in the downstream weather market (considering
climate and environmental services). A shared agenda
with all players in the market would undoubtedly be of
benefit to all.
The main problem with sustainability of the basic
infrastructure comes from insufficient public funding to
support operations, and to maintain and further develop
(with uptake of new technology) the national networks
and systems. The lack of adequate funding for operations
and maintenance leads to a situation in which expensive
infrastructure is ageing and becomes non-operational.
Many examples exist of weather radar or automatic
stations networks with poor up-time due to the cost of
spare parts, which cannot be covered by the NMS. Such
situations severely affect the capability of the public and
private sectors to provide services.
Sustainability is a systemic challenge in the NMSs of
developing countries. Reduced public funding has resulted
in an inability to modernize or extend the networks for
critical evolving requirements. This has a detrimental
impact on the functioning of an ageing infrastructure
and results in increasing deficiencies in the links of
the value chain. This situation is in contradiction with
declared international commitments by governments in
agreements like the Sendai Framework for Disaster Risk
Reduction 2015–2030 or the Paris Agreement on climate
change. It becomes urgent to align the climate change
and DRR agendas with investments in NMSs. WMO
and the global funding agencies should push towards
explicit commitments of the countries in maintaining and
supporting their observing and early warning system
infrastructure, as a key element in any national, regional
or global adaptation and mitigation plan.
International assistance initiatives, such as the Systematic
Observations Financing Facility (SOFF) (Alliance of
Hydromet Development, 2021), will be operationalized
to assist LDCs and SIDS to expand their observing
capacity in a sustainable manner and to ensure regular
international sharing of their data. PPE solutions such
as IaaS and OaaS should also be explored as possible
solutions of the capital and operational expenses issues
of the NMSs of developing countries.
Complying with the GBON requirements adopted by
the World Meteorological Congress will be an additional
challenge for many NMSs. For instance, considering the
need for high-resolution station data for monitoring of

extreme events in the context of GBON specifications,
the conventional staffed stations (still in operation in
some countries), 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.
Ensuring that the global systems remain fit for purpose
includes identifying the gaps in observing capability and
prioritizing coordinated investments that deliver greatest
impact. The 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 NMS ability to provide observing
capability. New approaches that provide affordable ways
to fill gaps in the observing system should be considered.
The global systems are also vulnerable to loss of
the radio-frequency spectrum used for observing
applications (for example, satellite passive bands and
weather radar). NMSs must continue to support national
and international policy-setting activities to ensure the
spectrum is protected, and to seek advocacy and support
from relevant partners and stakeholders.
The capabilities of the private sector to provide
observations have grown rapidly during recent years,
covering all types of observations – from land to
oceans to space. There is a strong consensus that the
sustainability of the infrastructure will be enhanced
through stronger partnerships and leveraging among
the public, private and academic sectors. Leveraging
through more involvement of the private sector and
other non-government stakeholders in the infrastructure
development may allow for expansion of the observing
networks and provide more resources for operations and
maintenance. At the same time, if such PPE arrangements
are to be considered for established basic infrastructure
systems, a careful analysis of the cost factors in the long
term, as well as measures to ensure continuity of the
operations that might be affected by market volatilities,
should be undertaken.
One problem with modernization projects funded
through international development assistance is that
some NMSs of developing countries have been trying to
follow the same path that NMSs of developed countries
implemented two to three decades ago. Such an approach
concentrates many resources and efforts in trying to
enhance the basic infrastructure by introducing advanced
automatic observing, data communication and ICT
systems. Directing their limited national and/or available
international investments to such modernization of basic
infrastructure, some NMSs in developing countries may
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Box 5. Possible LDC approaches to sustainability
In LDCs, where funding has allowed for infrastructure
development principally through donors, sustainability
can be achieved only when all key stakeholders are
working in synergy – with the goal of sustainability in
mind. Possible approaches towards better sustainability
include:

• Optimization: The existing basic infrastructure in
many countries is far from optimal and cost-effective.
Optimization should be done in cooperation with
national partners, but also on a bilateral and regional
basis. The experience of EUMETNET will be useful in
this regard.

• Improved national planning: 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. Stable and sustainable
sources of investment should go towards long-term
operation of the basic infrastructure. This planning
should not be done in a “silo”, but should consider
all opportunities through PPE and other stakeholder
engagement.

• Automation: The level of automation in many
developing countries is low. For implementation
of GBON requirements in the coming years, the
observing networks should reach a high-level of
automation in all countries.

not be fully considering the financial, technical and
human requirements needed for sustainable operation
and maintenance of such systems. In most cases, NMSs
cannot comply with these requirements after the end of
project funding. Most of these modernized systems are
therefore poorly functional and short lived.

that may not meet the strict guidelines of WMO but could
still provide useful information. For instance, more marine
observation stations, especially in the tropical Atlantic
during hurricane season, are needed. Specifications
and guidance for tiered network approaches are being
worked on by the WMO Infrastructure Commission.These
are aimed at increasing the number of observing stations
through optimized investments and leveraging observing
capacity of stakeholders from all sectors.

The structure of the release of funds does not allow
for finances to be spread beyond the “transfer-ofownership” line, where the manufacturers or service
providers hand over full control to the NMS. If funding
is not guaranteed for sustainability beyond the classic
implementation/training end to projects, the persisting
capacity gaps in NMSs of LDCs and other low-income
countries will remain. The future development of basic
infrastructure will likely need a new funding model and
communications strategists, focused on binding all
key stakeholders towards that ambitious but hopefully
realistic goal of long-term sustainability (Box 5).
NMSs are frequently affected by extreme weather (for
example, in the Caribbean), and face the challenge of
maintaining observation networks that can be damaged
by extreme weather events (such as major hurricanes
in 2017, 2019 and 2020 in the Caribbean). Fostering
partnerships with the insurance sector (for example, to
cover the replacement of equipment) has been considered
and implemented. Robust observation structures, built
and configured to withstand extreme weather, could be
augmented by more easily replaced low-cost instruments
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• International assistance: Assistance is required to
fill the gaps by utilizing opportunities stemming
from new initiatives like the Alliance for Hydromet
Development and SOFF.

4.5 Expanding services
In the coming years, the trend of rapidly improving forecast
and modelling capabilities (seamlessly encompassing
weather and climate time frames) will be paired with a
commensurate increase in the demand for actionable
forecast information. Increased collaboration among
NMSs and other governmental agencies, the private
sector and academia will provide more opportunities
for co-design and co-production of decision-support
services in critical areas like DRR and climate change
adaptation and mitigation.
NMSs should work with public safety decision makers
at every level of government to provide effective impactbased decision support services tailored to the needs of
communities. Beyond the immediate decision-support
services, NMSs should collaborate with their partners

in government, as well as partners in the public–private
weather, climate and water enterprise, to ensure user
communities are ready for and better able to respond to
and recover from to extreme events. Building sustainable
and mutually beneficial partnerships, understanding
and responding to national, regional and local resilience
priorities, and more directly supporting national
multi-hazard resilience strategies should be key focus
areas for all NMSs over the coming years.
The demand for high-quality climate services (seamlessly
comprising climate monitoring, climatological data
services, climate prediction and climate projection) comes
from the growing number of stakeholders who have
become concerned about the impacts of climate change
on their business, on critical infrastructure, and on the
life and well-being of citizens. This demand comprises the
need to support governmental strategies and activities
on climate change mitigation and adaptation, including
achieving future net zero emissions goals. Another strong
demand comes from the need to expand service delivery
to reach all user communities in need of actionable
weather and climate information.
The impact of climate change is often about high-impact
weather and environmental events (for example, floods,
heatwaves and deterioration of air quality). Hence, there
is an increased need for consistency between climate
and weather information and for cost-effective delivery
of related services. NMSs should therefore try to align
plans and strategies for the enhancement of weather- and
climate-related modelling and services. As highlighted
in OCP White Paper #1 (WMO, 2021c), the weather and
climate modelling communities are combining efforts on
the realization of a unified single model system across
a range of timescales (nowcasting to centennial) and
spatial scales (convective scale to climate system Earth
modelling). Such an approach will open enormous new
opportunities for NMSs and other stakeholders to launch
critically needed services highlighted by OCP as the “new
generation of weather and climate intelligence”.
The expectation for a rapidly growing weather and climate
services market will open opportunities for public and
private sector service providers, and will stimulate further
research to develop a new generation of products and
services. The service portfolio of each NMS will depend
on the mandate given by the government and the funding
through the public budget. Thus, there will be a wide
variety in NMS service portfolios from country to country.
The right balance needs to be established between the
public services provided on a non-commercial basis and
the paid for services, to ensure all users and customers
are provided with the best possible service for their
missions and operations. The strong focus of the NMS
will remain on the decision-support services for safety
of life and property in seamless time frames from

nowcasting and short-range weather forecasts to longterm climate projections.
National examples of evolving services include:
• In the United States, weather prediction services
benefit public safety and enhance the national
economy. The approach is that NWS has dual roles by:
(a) providing broad forecasts, warnings and related
information geared towards maintaining public safety
and (b) 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 National Oceanic and
Atmospheric Administration foundational data and
products.
• In the United Kingdom, the direction of travel for the
public weather services for the next 5 years includes:
 The Met Office’s services are a vital component of
the national resilience, as an authoritative source
of data, advice and modelling capability around
significant weather and climate change, which is
fundamental to the United Kingdom Government’s
National Resilience Strategy. The Met Office will
continue to evolve the underlying science and also
the way that risk is understood and communicated
to the resilience community and the public. Social
science will be used to ensure the public has
sufficient confidence to take appropriate action
based on severe weather warnings. The public
task data will continue to become increasingly
accessible and usable by the public, business and
data aggregators.
 The Met Office’s services to government (support
to government departments) will continue, and
in many cases, increase, including in the fields of
environment, energy, transport and international
development. These services include those to
defence, core aviation commitments, nationally
via the civil aviation authority and internationally
via ICAO, and the wider transport sector, with
new technologies and regulatory schemes for
uncrewed vehicles, which are also an active area
of engagement for the Met Office.
 The Met Office Hadley Centre for Climate
Science and Services will continue to undertake
scientifically excellent research in collaboration
with academic partners in the United Kingdom and
internationally to shape and inform understanding
of climate change and its impacts, including
contributions to major international climate
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science initiatives such as the Intergovernmental
Panel on Climate Change reports. In light of
the Paris Agreement and the legislation of the
United Kingdom’s Government 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, supporting the solutions agenda for
mitigation and adaptation, will continue to evolve
alongside government policy and international
agreements.
 In China, the China Meteorological Administration
(CMA) will strive to achieve precise monitoring and
forecasting to underpin tailored services to ensure
safe life, robust production, affluent livelihood
and sound ecological care on all fronts. CMA will
keep its efforts for the targeted meteorological
service system by promoting the digital and smart
transition of meteorological services. The efforts
also include developing scenario- and impactbased meteorological service technologies, a
platform for meteorological service big data,
smart meteorological services with automatic
perception, smart interpretation and precision
push to deliver precise monitoring and accurate
forecasts to decision makers, producers and the
general public on demand. It will also establish an
interactive mechanism with other service providers,
a support platform and a crowd innovation platform
for meteorological service delivery that are open
to the whole community to promote the efficient
application of meteorological information in all
fields.
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Similar evolution of NMS portfolios is happening in
other countries, including expansion of the scope of the
services to cover more sectoral activities, like energy,
transport, environment (for example, air and water
quality), health and tourism. The demand for enhanced
climate services (in support of climate change adaptation
as well as of mitigation) is notable and likely to become
a priority for many NMSs, in cooperation with relevant
national and international stakeholders. This includes
significant NMS contributions to the development and
implementation of national climate change adaptation
and mitigation strategies, as well as contributions to
national delegations at Conferences of the Parties to
UNFCCC and its Subsidiary Body on Scientific and
Technological Advice sessions.
A major change factor (sometimes described as a
disruptive factor) is the growth in the services provided
by the private sector. The prevailing view (in the inputs
from contributing authors) is that private sector services
will contribute to improvements in the overall weather
and climate services provision to society. However, there
are concerns about possible negative consequences
of competition between NMSs and private weather
companies. For instance, in some LDCs, where NMSs are
systematically underfunded, easy access to information
provided by local or international private companies (for
example, through mobile apps) may aggravate further
NMS visibility and the financial situation. Furthermore,
some NMSs are increasingly grappling with how best to
work with a growing number of regionally coordinated
public sector initiatives. Europe is a particular example
of where this is currently the case.

5. COOPERATION AND ENGAGEMENT
WITH STAKEHOLDERS
Many NMSs have long-standing cooperative
relationships with other government agencies,
research and education institutes, private companies,
and non-government and civil society formations.
There has been rapid diversification of the needs for
weather, climate and water services in recent years,
and the different forms of partnerships have been
strengthened to create synergy effects. In the future,
the trend might be to look at this from an ecosystem
perspective, and that a new level of multisectoral and
multidisciplinary collaboration and cooperation will
take place among the actors of the weather, climate
and water community. An improved understanding
of user requirements and collaboration through
co-design and co-production of products and services
in a shared value chain environment will be highly
advantageous, or even required.
An NMS strategic partnerships programme can help
identify the key partners that may be able to help increase
effectiveness. Even the well-funded NMSs cannot be
experts in everything. They need to choose the essential
skills that are core to their mission and which maintain
their world-class in-house expertise. In other areas, they
need to build partnerships with external stakeholders,
selecting those bringing the needed competency and
excellence in a cost-effective way.
NMSs should continue to harness external capabilities
through new multidisciplinary innovative partnerships
to provide the foundational observations, data, science,
technology, forecasts and warnings that underpin
their core mission and enable the development of
downstream knowledge and services by all sectors
of the enterprise. The move to forecasting impacts
of weather and climate hazards will require scientific
evidence that goes far beyond the traditional disciplines
of weather and climate science and technology. To
address the challenges of climate change and build
solutions contributing to the goal of net zero greenhouse
gas emissions, there will be an increased need for
new approaches in interacting with social science, data
science, engineering and technology.

5.1 Collaboration with public sector
entities
A major trend in the evolving role and responsibility of
NMSs is increased collaboration with other governmental
agencies. This includes provision of targeted warnings,
advisories and forecasts to agencies responsible for
key societal functions like DRM, sectoral planning, and
other weather-, climate-and water-sensitive public tasks.
Agreements with public entities also help co-develop new
services that can be jointly provided; extended sharing
of information among agencies is a key factor in the
attempt to build better impact-based decision support
products and services.
Many examples exist of NMS interactions with
government counterparts in agriculture, health, transport,
energy, water resources management and other sectors,
most of which consider NMSs as a critical source of
information required for their public functions. However,
the level of such “government-to-government” services
varies from country to country, depending on the legal
mandate and scope of activities assigned to the NMS.
In some countries (for example, some European Union
member States, Japan and the United States), most of
the sectoral specialized services are open for competition
and provided by private companies (services of the
“business-to-government” type.
It will be important for NMSs to better understand the role
and business model of their government-to-government
services and respective partnerships with the other
government agencies. The funding of such services, if
not fully included in the budget provided directly by the
government, may be subject to cost-recovery or costsharing agreements with the respective ministries and
agencies. In the case of an NMS organization of SOE
type, such services are provided based on commercial
contracts, which allows better performance-based
funding mechanisms.
In the collaboration with government agencies, NMSs
should give priority to the most critical service domains
related to the top risks of climate change, extreme
weather, water scarcity and environmental degradation.
Effective response to these challenges will require a new
generation of weather, climate and water intelligence
to support short-, mid- and long-term government
strategies and investments. Thus, this collaboration
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will help to increase the visibility of NMSs, and build
a national level of acceptance and recognition of their
contribution to safety and resilience. The engagement
process also has the potential of creating “friends of
NMSs” across the government and society, who could
advocate on behalf of and with NMSs, having directly
benefited from their services.

5.2 Public–private engagement
The PPE paradigm promoted through the Geneva
Declaration of 2019 is based on the consensus that
inclusive multisectoral partnerships, leveraging the
strengths of the public and private sectors, and supported
by academia and civil society, are the only way of
achieving the strategic vision of making the world more
resilient by 2030.
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PPE offers opportunities of co-production between NMSs
and the private sector of specialized services, which should
be supported and expanded where feasible. Eliminating
existing obstacles for such cooperation and creating
an enabling environment for PPE will be necessary to
expand such opportunities. However, there are risks
of this cooperation, as PPE arrangements are new for
both sides, can significantly vary and require specialized
experience that is largely missing in developing
countries. Piloting of small-scale PPE initiatives with the
help of development partners may help to reduce such
risks. The PPE dialogue formats, like WMO OCP and the
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Global Weather Enterprise Forum activities, supported
by the World Bank, will be instrumental in setting the
scene for successful engagement among sectors. In
addition, platforms should be made available for focused
discussions on specific topics within the weather and
climate value chain. This will allow a robust exchange of
ideas to pave the way for institutions with limited PPE
experience to pilot partnerships at a small scale.
The maturity of PPE in different countries depends
on the existence of an enabling legal and regulatory
environment. Successful cooperation among NMSs with
commercial entities will benefit from legal frameworks
with clearly defined responsibilities and interfaces.
Understanding the market and evolving customer
requirements in key economic sectors such as DRM,
energy, transport, water resources management, health,
agriculture and food security will help to reach a balance
in the development of public good and commercial types
of services. An enabling factor for such a balance is the
expansion of reciprocal data access on both sides of PPE
(the NMS data and information made available to the
private sector) and possibilities for NMSs to use private
sector data under agreed conditions. This opens doors
for multiplying the use and the value of the data and
information created through publicly funded NMSs and
private sector investments.
The evolving NMS operating/business models (discussed
in Chapter 4) will reflect the various modalities of
engagement with commercial entities, including
contracts, outsourcing, reciprocal data exchanges,

Box 6. Positive PPE experiences
There are positive experiences of PPE. For example, the
partnership of SAWS with the AfricaWeather company
based on a revenue-sharing agreement that benefited
the NMS to assist in funding the maintenance and
development of infrastructure and development of
science. There is great potential for other African NMSs
to engage with private weather companies to deliver
similar results.
Furthermore, some private weather companies are keen
to invest in infrastructure based on sound business
models, as has been proven in many countries, thus

possibilities for generating revenue jointly and sharing
revenue. Such modalities will be of particular interest for
the underfunded NMSs where PPE arrangements could
bring cost-efficient solutions. Raising the capacity of
NMSs to evaluate such opportunities and make necessary
changes in their operations and institutional culture will
be an important task for WMO and other international
assistance, through sharing good practices, guidance
and training.
The growth of the private sector capacity to deliver
services will continue to extensively affect NMSs in the
coming years. Private companies also benefit from the
vast amount of freely available public data generated
by NMSs and other public sector entities. Private
sector services are not limited by national borders;
many of them, including large international data and IT
companies, such as Google and Microsoft, already offer
meteorological and hydrological services with regional
or global coverage, with flexible localization to serve
specific customer needs. The brands of big corporations
are well recognized internationally, and they have strong
dissemination tools at their disposal, which NMSs may
struggle to achieve. While partnerships between NMSs
and large IT companies or big corporations are clearly
asymmetric, there might be benefits for both parties.
NMSs can leverage the technological capability and
the reach of the private sector, while ensuring their
role is properly respected, especially the provision of
observational data and for issuance of official warnings
as required by national mandates. In return, the private
sector can use the backbone of information provided by
NMSs to provide compelling services to their users while
ensuring the NMS contributions and values are clearly
identified, for example through attribution. To facilitate
and promote such partnerships as win–win relationships,
WMO should continue to provide policy advice and
guidelines to NMSs and partners. Box 6 shows positive

enabling NMSs to focus on their core mandate and
scientific development. In many cases, this presents
itself as a trade-off along the lines of “keeping the
infrastructure going” instead of supplying the necessary
data required to perform key functions. A key factor in
the PPE process, and the progress thereof, is to steer away
from turnkey projects driven by meteorology hardware
manufacturers. In most cases, such turnkey solutions,
while alluring in terms of a “one-stop shop” upon onset,
are not supported by the commercial business cases that
fund the infrastructure maintenance.

experiences of PPE in South Africa and other countries.
Building a better understanding of weather, climate
and water services “as a business”, and the dynamics
of the market for such services at national, regional and
global levels, will be an important task in the current
decade, which will require collaboration among the
NMSs, private sector stakeholders and international
organizations concerned. For WMO, OCP should be
further utilized to engage such a multidisciplinary and
multi-stakeholder approach. National cases need to be
analysed to highlight and promote good PPE practices.
The best-case future PPE scenario will be a synergy
of a thriving weather, climate and water services
industry, delivering forecasts and alerts integrated with
business-relevant data sources to provide value added
information. Users of the information are a variety of
sectors including the agriculture, energy, retail, transport
and financial sectors, and are supported by foundational
observations, data, forecasts and warnings provided by
NMSs. An example of such mutually beneficial PPE is
in the United States, where, over the last decade, the
industry has entered all aspects of the weather, climate
and water value chain including observations, data
analysis, environmental modelling and service delivery,
and is valued at ~US$ 10 billion and growing 10–15%
annually (Uccellini and Ten Hoeve, 2019).
NMSs set up as a company under an SOE model
(for example, MetService New Zealand and SAWS)
are expected to operate as successfully as a private
company would. Much of their engagement with other
stakeholders is and will be commercial in nature in the
public and private sectors. Outside of their commercial
arrangements, such NMSs are also engaged in a number
of cross-agency working and advisory partnerships,
especially in support of the emergency management
sector that takes input from different agencies.
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With the expected important role of PPE in the coming
years, NMSs may consider potential areas of work with
private, academic and civil society sector partners, with
an expected high positive impact on NMS capacity and
performance in serving society, including:

if the current challenges of intermittent access to
energy sources and erratic Internet connections can
be overcome. This will lift the burden of the need
to “download” volumes of data locally, keeping all
interactions “up in the cloud”.

• Going beyond infrastructure and observations to
provide support for institutional strengthening.
While recognizing 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 PPE. A focus on management/
leadership skills is also essential.

In addition, PPE should become a vital element for all
NMS capacity development and modernization projects.
Key stakeholders need to have their motivations
well set and explained for the project to come to a
successful completion. In some cases, having an actor
who is motivated only by the successful execution and
sustainability of the project as an entity positioned
in the middle of all key stakeholders, with an acute
understanding of communications strategy and
knowledge of the industry and the local circumstances,
may be the binding force between all stakeholders.

• Media communication – including social media – is
an increasingly important area for NMSs; it provides
the opportunity to raise NMS profiles in a tangible
way and to highlight their authoritative voice. There
may be opportunities to work further with the private
sector here to enhance these offerings, alongside the
WMO Public Weather Services Programme strategy
and guidance.
• Collaboration between NMSs and the academic
sector, to ensure research (weather, climate, IT and so
forth) expertise is pulled through to design of services,
and vice versa, to provide data and information to
stimulate wider research.
• Investment into activities that support “last mile”
delivery to ensure services reach those who need
them most, in a form they can use. There is an
opportunity for NMSs to develop services through a
co-production approach involving academia, private
and civil society sector partners.
• Shifting from forecasting 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 NMSs.
• Increasingly partnering with regional and national
organizations who can lead on capacity development
activities. These are the agencies with 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.
• The public cloud has democratized technology and
access to it in a powerful way. It has revolutionized
what can be done in nations that do not have expertise
in delivery and maintenance of IT systems. There
are considerable opportunities to capitalize on this
through partnership with the private sector technology
companies that provide this infrastructure, particularly
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5.3 International cooperation and
collaboration – WMO context
Long-lasting cooperation through WMO programmes
allows NMSs to gain access to real-time, unrestricted
exchange of Earth-system data, products and services
critical to national interests in public safety and for
supporting national economies. The role of WMO as
the international standards setting body for weather,
climate, water and related environmental information is
of crucial importance for all Members. It enables NMSs
to rely on standardized interoperable information as
critical input into the global and regional multimodel
ensembles used to produce local, regional and national
forecasts and warnings.
Continuity and sustainable development of the global
observation and communications network are some of the
most important issues to be tackled in an internationally
coordinated manner by WMO. Its role in defining
common policies and strategies for Members is essential
for a well-functioning global collaboration on weather,
climate and water. It also helps to raise awareness of
the needs and funding for research efforts for improved
understanding of the Earth system (WMO, 2009). SOFF
and GBON are among the priority initiatives for the
current decade to address existing deficiencies and
ensure advancement and sustainability of the global
infrastructure and other vital international systems. The
leading role and strengthened cooperation of WMO
with other intergovernmental and non-governmental
organizations (NGOs) related to NMS missions will be
a key success factor for the global weather, climate and
water community.
Collaboration, sharing of experiences and technical
assistance in the context of the work of WMO bodies,

Box 7. Regional organizations
Regional organizations such as RIMES and the
Intergovernmental Authority on Development Climate
Prediction and Applications Centre will continue playing
an important role in training and capacity-building.
They may also serve the communities they represent
in innovative ways, as they have proved to be selfsustainable and to have in-house capacity.
Over 13 years of sustained engagement by RIMES with
its member and collaborating countries, upholding

particularly the Technical Commissions, Research Board
and the working bodies of the Regional Associations,
are also of great value. For instance, the WMO
Regional Climate Centres will coordinate and execute
simulations for their areas of responsibility to produce
comprehensive ensembles, enabling downscaling of
the climate predictions and projections needed by all
nations for their adaptation and mitigation planning
and investments.
Furthermore, WMCs have a pivotal role in the evolution
of basic infrastructure coordinated by WMO, establishing
and operating cloud-based platforms that enable all
NMSs to generate products and deliver services based
on high-resolution data sourced from high-quality NWP
models16 and the latest Earth-observing platforms. This
may be a key mechanism in helping to balance the supply
of observations against access to forecasts. The move
to high-resolution global modelling is not without its
scientific challenges; enhancing model intercomparison
studies, facilitated through WMO coordination, will help
to understand and resolve those challenges that, in
turn, will accelerate operationalization of high-resolution
global models. Furthermore, data handling technology
based on AI could help in these efforts, which reinforces
the importance of proper partnerships with the big
IT companies (WMO, in preparation b).

5.4 Regional cooperation
With tight resources and rapidly evolving technology, it
is expected that regional collaboration will grow even
stronger in the coming years, as the need for synergies
will be required more than ever. Regional collaboration
will intensify to support DRM and adaptation strategies.

centrality of NMSs has led to recognition of the value
of the role of such regional institutions and resultant
enhanced cooperation with WMO. WMO and RIMES are
now co-designing a Joint Strategy and Action Plan built
around the centrality of NMSs to address the emerging
challenges around urgent climate action, DRR and SDGs
under the 2030 Agenda for Sustainable Development,
with activities jointly funded by RIMES and WMO aimed
at addressing the key priorities and needs of NMSs.

As not every NMS will be able to address all these
different aspects because of the limited human and
financial capacities, exchange of technical expertise will
be essential at the regional level among WMO Members,
including stakeholders from the private, academic and
civil society sectors.
Regional institutions, particularly specialized
intergovernmental organizations established by
Members, have a major responsibility to assist
countries improve their skills, resources and expertise,
while additionally helping to address their concerns on
sustaining progress or accomplishments from external
projects (see Box 7 for examples). In addition to the WMO
Regional Associations, there are many other excellent
examples of regional collaboration models. However,
there remains a considerable underexploited potential for
further regional and international cooperation. Region VI
(Europe) may serve as an example of the case of highly
successful regional cooperation, to be followed for other
regions. There are other promising developments, for
instance, in South Asia within the South Asia Hydromet
Forum supported by the Foreign, Commonwealth &
Development Office of the United Kingdom and the
World Bank.
Within Regional Association IV, the Caribbean
Meteorological Organization (CMO) comprises 16 Englishspeaking Member States. It promotes and coordinates
joint scientific activities of the respective NMSs, the
establishment of joint technical facilities and systems, the
provision of joint training facilities and the promotion of a
reliable severe weather warning system to safeguard the
region. CMO provides support and advice to governments
in the development of their NMSs and in dealing with
issues of an international nature affecting weather, climate
and water. By agreement within CMO, regional forecast

16 The move to high-resolution global modelling is not without scientific challenges. Enhancing the use of WMO-coordinated model intercomparison
studies is one approach to accelerate quality. Data handling technology based on AI could help; in that context, it reinforces the importance of proper
partnerships with the big technology companies.
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arrangements ensure coverage for small islands that do
not have weather and forecasting offices.
From a continental perspective, cooperation in the
framework of regional organizations like the African
Union has potential to achieve greater unity and
solidarity among the countries in a region. Examples
of subregion cooperation include the Southern African
Development Community and the Meteorological
Association of Southern Africa, which coordinates the
operational meteorological programmes at the Southern
African Development Community level and promotes
regional cooperation and collaboration.
In the Pacific, collaboration and partnerships with regional
entities, such as the Secretariat of the Pacific Regional
Environment Programme, are fundamental to supporting
less developed States. Furthermore, it is expected that
the Weather Ready Pacific – A Decadal Programme of
Investment and SOFF will be instrumental in progressing
the function and stability of NMSs in the region.
In Europe, intergovernmental organizations like ECMWF
and EUMETSAT and groupings like EUMETNET provide
good examples of regional cooperation and integration
on behalf of their member NMSs. Examples of the
evolution of such cooperation include:
• European Weather Cloud: A distributed cloud
computing infrastructure, developed in partnership
between ECMWF and EUMETSAT, is providing a
community cloud for the European Meteorological
Infrastructure, including NMSs.

• EUMETNET Federated European Meteo-Hydrological
Data Infrastructure (FEMDI): Recognizing the
need for effective sharing of meteorological and
hydrological data holdings, among the European
Meteorological Infrastructure and between the
European Meteorological Infrastructure and external
stakeholders (global WMO community, public and
private sector bodies, research institutions, citizens
and so forth), European NMSs decided to create
FEMDI. Under the auspices of EUMETNET, a suite
of agreements, policies and technical standards are
being developed to enable data sharing through
the implementation of federated capabilities. This is
the first step towards FEMDI, which supports NMSs
in satisfying requirements for provision of highvalue datasets, as outlined in the European Union
Open Data Directive, and will provide a European
contribution to WIS.
A good example of co-design and co-production is
the EUMETNET Meteoalarm web page (EUMETNET,
n.d.), which provides pan-European warning products
composed of authoritative information from NMSs.
The number of such collectively operated services is
expected to grow in the future. The role of EUMETNET
as a regional vehicle for NMSs to work together in an
effective and efficient way deserves attention by other
regions because the demand for “across-the-border”
services will continue to grow. The NMS community will

• EUMETNET Observations Capability Area: Within
the framework of EUMETNET, European NMSs jointly
develop and operate the EUMETNET Composite
Observing System (EUCOS) to optimize surface-based
operational observations, to improve the quality and
cost-effectiveness of NWP at a European scale and
to support wider application areas. EUCOS forms a
major regional contribution to WIGOS.
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• Copernicus programme: The European Commission
defines services by a consultation process with the
European Union member States and implements
agreed services by an open procurement process,
where public, academic and private organizations
compete. Important aspects of the programme are
the provision of reanalyses, essential climate
variables and various products resulting from
the use of Earth observations, 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.

Box 8. Example of regional collaboration
The South-East European Multi-Hazard Early Warning
Advisory System project is supported by the following
NMSs in South‐east Europe: Albania, Bosnia and
Herzegovina, Bulgaria, Croatia, Cyprus, Greece, Hungary,
Israel, Jordan, Lebanon, Montenegro, North Macedonia,
Republic of Moldova, Romania, Slovenia, Türkiye and
Ukraine. The project’s aims are to: strengthen regional
cooperation by leveraging national, regional and global
capacities to develop improved hydrometeorological
forecasts, advisories and warnings to save lives and limit
economic losses; strengthen national MHEWSs, 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; harmonize forecasts and
warnings in transboundary areas; and provide training
on operational forecasting for staff of NMSs participating
in the project.

The project successfully uses ECMWF infrastructure by
joining HPC resources available to ECMWF member
States participating in the project.

need to find new and effective ways of working together
to ensure the demand is met professionally and to the
fullest extent possible.

5.5 Bilateral and multilateral
cooperation

Another successful example of regional collaboration is
provided by the South-East European Multi-Hazard Early
Warning Advisory System project (Box 8) supported by
WMO, the model of which could be replicated in other
parts of the world.

Bilateral and multilateral collaboration can help in
the optimization and increased efficiency of NMS
operations. It has become increasingly difficult for
individual NMSs, 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 among
NMSs (see Box 9 for examples).

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 ECMWF member and cooperating
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 being implemented to run quasioperationally. A web-based platform for disseminating
the products is being developed and is hosted on the
European Weather Cloud.

Box 9. Examples of NMS cooperation
In New Zealand, MetService is engaging other NMSs to
explore opportunities of secondments in areas such as
forecast research. If done correctly, secondments and/
or reciprocal placements have many benefits to NMSs
and to the individuals involved.
The Swedish Meteorological and Hydrological Institute
and MET Norway have jointly produced NWPs since
2014 (named MetCoOp). This involves a common model
set-up and operations, HPC systems and model output.

Later, the Finish Meteorological Institute and the Latvian
Environment, Geology and Meteorology Centre joined
the cooperation. All partners benefit from joining their
resources; for example, there is a larger pool of highly
qualified personnel and access to more powerful
computers than each partner can afford on its own.
Such cooperation will become more important, and
in Northern Europe, 10 countries have decided to join
forces from 2027.
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Box 10. European regionalism
In the European context, one important factor is the
balance between the roles and responsibilities of nations
and those of the European Union. The Copernicus
programme operationally delivers open and free data
and information on the Earth system at the global and
regional scales, and is relying heavily on the expertise
of the European NMSs for doing so. The European
Union’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 kilometrescale 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 European Union data policy. The
supercomputer resources required to achieve this
goal are significant, as are data storage requirements.
The volumes of data generated will be vast and will
necessitate the use of cloud infrastructure. These will be
ground-breaking developments that will pave the way for
future operational systems. It is expected that this global
kilometre-scale Earth-system modelling will be used as
a complement to current operational systems that offer
a high degree of reliability including a full description
of the uncertainty of the forecasts through ensemble
prediction systems. As a politically top-down driven
project of European Union member States, it also raises
significant questions as to the future role of NMSs – of
nations within the European Union and wider.

Another form of bilateral/multilateral cooperation is
through international projects. For instance, the projects
for improving climate services in Peru (Servicios
climáticos para el Desarrollo) and in the region (the
upcoming Building Regional Adaptive capacity and
resilience to climate Variability and change in vulnerable
sectors in the Andes), with coordination support from
WMO and international funding (for example, from the
Swiss Agency for Development and Cooperation and
EUROCLIMA+), are valuable for demonstrating how
the climate services could work. The upscaling and
sustainability of such initiatives will require establishing
institutional and financial mechanisms at the national
level, including public–private–academic partnerships.
Box 10 shows an example of collaboration at regional
level.

5.6 Focus on developing countries

Although good examples of multilateral cooperation
exist, there may be reluctance in some NMSs, based on
policy aspects related to such arrangements (for example,
national sovereignty or national security issues) and
whether this kind of arrangement (supposedly leading
to economies of scale between partnering NMSs)
may bring some negatives, such as duplication of
infrastructure at the national level (for example, NMSs
making savings but other governments having to spend
resources to build their own secure infrastructure).
Therefore, more studies and demonstration of benefits
need to be provided to encourage expansion of the
multilateral arrangements.

NMSs of developing countries will need to evolve to take
advantage of new science and technology for meeting
expanding user needs in the face of continuing difficulties
in achieving adequate investment in their NMSs by
many governments. It is therefore important to assist
these NMSs in developing their capacities to engage
with a broader range of stakeholders, to participate in
multinational projects that are developing multinational
capabilities, and to make maximum use of the capacities
they already have.
Specific forms of collaboration and partnerships have
been widely applied to help bridge the performance
gap of NMSs in developing countries. These include
direct partnerships between NMSs of developed and
developing countries, capacity development projects
funded through international development agencies
like the World Bank, and various forms of education and
training assistance.
The strengthened and focused collaboration with
developing countries should consider the following risks
and opportunities for NMSs:
• The role of the NMS as an authority for warnings
needs to be ensured and enhanced through capacitybuilding as a critical mission for the public good.
• Due to the limited public resources, NMSs cannot
encompass the whole value chain with the same
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level of energy and efficiency, although societal
expectations are growing. Hence, the value chain
challenge should be addressed in collaboration with
other sectors – private and academic – to explore
options to maximize value creation locally.
• A risk from rapid technological advancement and more
automation is that smaller NMSs may not have the
capability to benefit fully from new data and products;
building the capacity of these NMSs is likely to remain
a challenge. Smaller NMSs may need to consider
partnering with a developed NMS for support. A good
example of this is the cascading support model, with
small NMSs receiving operational support from
a regional entity such as a Regional Specialized
Meteorological Centre. The successful Severe Weather
Forecasting Programme is an excellent example of
such an initiative.
• Opportunities are provided by international projects
helping to modernize the observational or IT
infrastructure. While such international assistance is
indispensable for NMSs, there are risks associated
with the lack of long-term support for maintaining
and operating this infrastructure after the end of
the project. New solutions for the post-project
sustainability and the needed funding for operation
and maintenance are of vital importance for NMSs in
developing countries.
• In terms of computing, NMSs in developing countries
should take full advantage of cloud infrastructure
maintained by larger entities – public and private.
The European Commission is also financing cloud
infrastructure for use with environmental data,
like WEkEO and the Climate and Atmosphere Data
Stores. Cloud platforms can be used for accessing
data and products, as well as for running dedicated
nowcasting or downscaling global/regional weather
of climate model activities and using AI techniques.
Other initiatives are emerging to provide cloud
resources in partnership with providers of commercial
cloud services. Developing the capacity of NMSs to
effectively use cloud services will be a key task for
the coming years.
• With regard to numerical prediction, one approach for
an NMS with limited resources could be to obtain its
own modelling capability. A more efficient path might
be to invest available resources to serve national
purposes through building sustainable expertise and
computation infrastructure for accessing and utilizing
available cost-efficient technology and available
data from international sources like global model
products. Production of shared global forecasts at
high resolution is highly desirable to meet the needs
of countries without the capability to run their own

NWP system (with the need for appropriate timeliness
for data availability).
• Cross-sector collaboration in observational networks
is an opportunity and a necessity in developing
countries. If the implementation of GBON and the
related SOFF mechanism is to be successful, there is a
need for full commitment for long-term sustainability
including provision of dedicated funding for
operational expenditure.
• In terms of PPE, it is necessary to develop a framework
that suits the country by referencing examples of
good practice in other countries. It is also important
to continue dialogues with stakeholders (public and
private) in weather- and climate-sensitive sectors to
enhance the utilization of NMS data and services.
Bridging the capacity gap by 2030 is a high-priority
task that will require strengthening of the support from
developed to developing countries. Areas of bilateral
collaboration need to be expanded to address the
following needs:
• Observational infrastructure modernization and
maintenance
• Data capturing, quality control and archiving
• Regional initiatives on the implementation of
innovative technologies (for example, access and
use of HPC, and AI/ML allowing developing countries
to leapfrog into NWP utilization across various
timescales from nowcasting to seasonal forecasting)
• Post-processing of NWP output in servicing various
economic sectors with products and services
• Operationalizing MHEWSs through partnerships
• Contributing towards the water–energy–food nexus
research discourse in support of integrated resource
governance
• Enhancing collaborative programmes such as
twinning and coaching partnerships
• Training and research attachments of young
developing country NMS staff in advanced country
NMSs
• Supporting the participation of developing country
NMS staff in the work of WMO constituent bodies
• Systematic and focused capacity development
activities with coordination support from WMO
covering all the above
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6. EVOLVING DEVELOPMENT
OF HUMAN RESOURCES
There is a strong consensus that all NMSs should
lead and invest in their people and culture to ensure
these organizations remain great places to work. It is
important to embrace the skills of all people, retain
talent, recruit effectively and facilitate advancement
along career paths. Excellent people and culture should
be a core pillar of NMS strategy, and should reflect
the changes needed in leadership, skills development,
equality and diversity to enable all staff to work to the
best of their ability.
NMS human resources development strategies and
policies are fundamental to ensuring all staff have
the required levels of needed knowledge, skills and
competency to carry out their tasks and to develop
professionally. Failure to develop and implement such
strategies are likely to result in many NMSs being unable
to fulfil their core mandate and functions. This will likely
result in a loss of relevance, influence, visibility and
ability to exploit business opportunities, with the result
that other entities can take over the delivery of some
NMS functions and services.
It is understood that empowering people in NMSs is an
issue of management culture, processes and structure.
NMSs need to address these issues and reflect them in
their organizational design through change management
and dedicated training programmes.
The main factors that shape human resources policy and
practices in the new paradigm of the service delivery
domain are:
• Changing skill and competency requirements due to
new technology
• Changing landscape of service delivery stakeholders
with increasing demand for capable people in the
public and private sectors
• Increasing focus on communicating risks and impacts
to better inform decision-making by end users

6.1 Evolving skill and competency
requirements
The profiles of the skills and competencies needed by
NMSs will evolve in the future to match the evolution
of technologies required to acquire, process and make
data, information and products available to users. To
keep pace with the technological advancements and new
service demands, NMSs will need to analyse the future
skills and competencies that are likely to be required
and then decide how best these can be obtained, for
example, through staff development, recruitment or
contracting out.
Having an in-depth look at the competencies and
integrated knowledge, skills, judgements and attributes
that employees need to perform their jobs effectively
will help organizations achieve their objectives. It will
also ensure sufficient expertise is available to adjust
to changing economic and environmental impacts
and circumstances. For example, the skill set of an
Earth-system scientist (a meteorologist, hydrologist
or climatologist) of the future will likely need to be
expanded to cover all aspects of the Earth system, to
enable a fully integrated and multidisciplinary approach
that includes areas like atmospheric composition,
ocean processes, land surface processes and the
cryosphere.
The ongoing technological revolution centred on data
brings new ways in which NMSs will generate and
deliver products and services, which will require new
skills. According to WMO OCP White Paper #1 (WMO,
2021c), “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. Nevertheless, the forecaster will have
to remain an expert who understand the underlying
science, with a general understanding of how the new
advanced numerical Earth-system weather to climate
prediction systems work and the new layers of AI/ML
engagement, including their limitations.
For new technologies, expertise must be gained in cloud
computing, computational science and AI. Bridges will
need to be built between traditional weather scientists,
data scientists and computational scientists. This may
be done through new recruitments and also through
partnership projects involving high-technology
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companies. Examples of such partnerships include the
creation of a Centre of Excellence between ECMWF and
the company Atos and partners, with joint projects on
optimizing NWP code, using graphics processing units
and AI, as well as the partnership between the Met Office
and Microsoft for the provision of supercomputing
capability for the coming decade.
Data utilization skills can also be built effectively through
collaboration between NMSs of developed and developing
countries. A huge amount of NWP output data from WMCs
and other centres is made freely available. To benefit
from such resources, smaller NMSs need to build skills
in acquiring and processing such data through APIs, and
in utilization of cloud technologies. Joint projects among
NMSs, including training in the use of APIs and use of the
cloud, will provide quick gains in improving products and
services to local users with relatively little investment.
Examples of such projects include the offer from MET
Norway to several African NMSs to train their staff in
using the MET Norway API and free global datasets,
and the Deutscher Wetterdienst (German Meteorological
Service; DWD) “ICON in the cloud” project.
An important question is to what extent will each NMS
need to employ new types of personnel such as data
analysts and scientists, AI/ML specialists, big data
specialists and process automation specialists in addition
to “traditional” experts. There is also a growing need
to engage social scientists to improve communication
and understanding of people’s perceptions of forecasts
and warnings. Will the smaller NMSs be competitive
enough to attract and retain such talent and expertise?
The skill sets needed are in high demand, which makes
it even more important to develop programmes to
encourage students to join NMSs after they graduate,
and to also partner with industry and academia to tap
into scientists and engineers with these skill sets outside
of government.
All these challenges require creative recruitment and
retention strategies, as NMSs compete for scarce
resources in rapidly changing fields in science and
technology. The COVID-19 pandemic, which highly
affected the way NMSs work, has added an extra layer
of complexity – effectively amplifying the problem due to
closed borders, making it difficult to recruit international
expertise. Therefore, the focus should be on retention by
making NMSs fantastic places to work, where people are
empowered to make a difference.
There are different strategies and approaches for
attracting, retaining and empowering talent by NMSs.
Examples from the author contributions to this paper
are included below, to show good practices that could
be applied and modified for use elsewhere:

Germany, DWD:
• Future-oriented work and know-how strategies. DWD
will actively engage in organizational development,
focusing primarily on the technical and digital
development of its operational and organizational
structures as well as a new understanding of
leadership. More specifically, as an attractive
employer, it will offer interesting and digital jobs that
also give employees greater personal responsibility.
Demanding tasks also help to improve job satisfaction
among employees, so DWD can compete successfully
in the battle for the brightest minds. With these aims in
mind, a forward-looking DWD simultaneously pursues
the goals of equality and the promotion of diversity,
flexible working conditions, retaining employees
and efficiency. Obstacles should be removed, and
user-oriented procedures put in place. This can be
achieved only through tailor-made IT processes and
applications. DWD is therefore promoting the transfer
of systems into the hands of a central IT service
provider.
• Future-oriented corporate culture. In the face of everchanging demands placed on DWD as the NMS for
Germany, DWD has to be prepared for the constantly
new challenges of the digital working world of the
future, while still demonstrating its competence and
efficiency and actively helping to shape the process.
The aim is that all DWD staff members have a joint
responsibility for the future.
• Sustainable and efficient managers and employees.
DWD aims to achieve this through a sustainable
corporate culture. It has drawn up a framework
that describes its convictions and which has been
highlighted in a consensus of values that constitutes
its mission statement. Cooperation should be based
on respect and esteem in the workplace, and efficiency
must be ensured through open communication
and information. DWD competency comes from
continuous learning and sustainable know-how
management.
• Recruitment and training:
 Sophisticated recruitment, inclusive advertising
using Internet platforms.
 At the beginning of employment at DWD,
forecasters study at the University of Applied
Science (Hochschule des Bundes), which is provided
with a curriculum to be used, and which allows the
entire training duration (study and licence) to be
shortened by 6 months.
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 Concept for modernizing the learning process.
Training experts at the DWD training centre work
on a concept to define phases of monitored selfstudy (completed by live presentations) and faceto-face training. To incorporate these phases in
a timetable will be the most challenging task.
More flexibility during the training process is
expected, yielding more time for trainer training.
Furthermore, the study process will be more
attractive for students.

New Zealand, MetService:

 Trainers will be continuously trained in adapting
to teach online.

• As demands increase for decision support, MetService
will require specialists who have a broad range of
skills to interpret the data and who will also 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.

 Assistance for e-learning at the training centre with
the task to create/design digital training material or
to adapt already existing training material.
 Cooperation of the training centre with many units
at DWD and also internationally, for example, under
the umbrella of D–A–CH (cooperation among
Austria, Germany and Switzerland), EUMeTrain and
WMO. Modernized training equipment for trainers
and students.

Japan, JMA:
• In response to the growing need for expertise in
DRR, JMA is working to develop experts in this field
through personnel exchanges with local governments
and other related organizations. From a technological
expertise viewpoint, the technologies required for
operations are widely distributed among various
departments within the agency. JMA is therefore
working to identify and develop human resources
by listing and visualizing the technical work and
necessary expertise, selecting the technologies that
should be possessed internally and strategically
utilizing outsourcing.
• 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,
intersector training and enhancement of internship
programmes. 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.
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• Delegating authority is a way of empowering down
through the organization with decentralized decisionmaking; for permanent staff, MetService offers a
Leadership Development Change programme. It is
also empowering meteorologists by encouraging and
developing communication channels with customers,
primarily by creating consultancy/embedded
meteorologist roles.

• Developing talent for the future requires collaboration
with academia – through joint programmes in research,
training and curriculum development – to drive a
long-term pipeline of talent from undergraduate level
through to NMSs.

Norway, MET Norway:
MET Norway will strengthen its existing culture and
practices and introduce new strategic elements. Some
of the measures include:
• Improve collaboration with other NMSs, governmental
agencies and organizations that have competency
which complements the in-house competency.
• Empower employees, based on common
understanding of goals and the freedom to find
solutions. Typically, this is implemented through
projects.
• Having a short path from R&D to operations; it
is motivating when results are implemented in
operations and immediate feedback is obtained from
users.
• Being an equal opportunity employer, by 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 who are motivated by the
societal mission: to protect life and property.

South Africa, SAWS:

• Mentoring and coaching.

The SAWS drive to empower talent within its workforce
has led to the development of innovative initiatives
captured and structured within policies to enable talent
development with the organization. These initiatives
include:

• Increased visibility of the Met Office well-being
commitment and its values and brand to encourage
talent to join the Met Office.

• A career ladder framework stipulating clear guidelines
for officials to progress and be recognized within the
organizational scientific and management ranks.
• Skills development initiatives within and external
to the organization, and the management of an
organizational bursary scheme for graduate and
postgraduate studies.
• Sabbatical leave and scientific exchange policies
allowing opportunities to enhance and broaden
scientific perspectives that can be implemented at
SAWS.
• Graduate and postdoctoral policies to address
specific needs and skills gaps experienced within the
organization.

United States, NWS:
To ensure effective community response to weather,
climate and water threats, NWS is building an
organization of scientists conversant in communications
and social science, and which is diverse and
representative of all the communities it serves. NWS
is investing in a human capital strategy focused on
becoming the employer of choice in meteorological
sciences and public service. The 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 minorityserving institutions, and cultivating a diverse and
progressive leadership cadre through mentoring,
professional development and succession planning.

United Kingdom, Met Office:

6.2 Challenges in developing countries

The Met Office has interventions to ensure it recruits,
retains and makes best use of talent throughout the
whole career journey of its staff including:

Attracting and retaining highly qualified and motivated
staff is one the most challenging areas for the future
of NMSs in the developing world. The main threats
affecting the attraction and retention of good technicians
and professionals should be evaluated and strategies
developed accordingly. To secure the required human
resources, it is necessary to generate a feeling of
institutional identity and commitment by emphasizing
the important role that staff play in guaranteeing the
provision of key services for the benefit of society.
Institutional identity is achieved by fostering opportunities
for professional development, adequate remuneration,
and a work environment based on meritocracy, stability
and professional recognition.

• Science, technology, engineering and mathematics
outreach to build a skills pipeline before people even
join the organization, including the outstanding
Met Office for Schools programme, and targeted at
communities who can enhance Met Office diversity.
The organization also has close links with local
scientific educational institutes.
• An early careers strategy, linking into talent and skill
ambitions to include apprentices such as graduate
apprenticeships, for existing staff and new recruits,
graduate schemes and industrial placements.
• Understanding the talent the Met Office has and
actively managing a percentage of this with targeted
actions including leadership and technical leadership
streams. This includes a role for the People Committee
to look at talent at an organizational level to facilitate
cross-organization opportunity and facilitate
succession planning.
• Identifying the main professions the Met Office
wants to invest in and encouraging communities of
practice and externally benchmarked professional
development.

There are limited opportunities for NMSs in developing
countries to significantly improve the situation in
attracting and retaining the workforce required to
match the high qualification requirements of future
NMSs. Some improvement can be obtained by
proactive interactions between NMS management and
universities/academic institutions, but without available
competitive remuneration and a modern technological
environment (largely missing in these NMSs), the
prospects for growing and attracting talent are slim.
Targeted government policies supported by specialized
funding should be developed to initiate improvements
in this critical area.
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6.3 Evolving role of the National
Meteorological or Hydrometeorological
Services Director (and Permanent
Representative with WMO)
The WMO General Regulations (WMO, 2021a) define the
Director of a Meteorological or Hydrometeorological
Service of a Member as:
The Director/Head of a Meteorological or
Hydrometeorological Service of the Member
who has been designated as the Permanent
Representative of that Member, or alternatively,
the Director/Head of a Service of a Member
responsible at the national level for meteorology
or for meteorology and operational hydrology
specially designated by this Member for the
purposes of the Convention and the General
Regulations.
The term “NMS Director” is a generalization of the top
executives of the entities designated/serving as NMSs.
The actual titles/positions vary – Director, Director
General, Administrator, Chief Executive Officer, President
and so forth – depending on the organizational model of
the NMS. The term “D/NMS” will be used in this White
Paper as a generic abbreviation.
The D/NMS role has a long and distinguished
history in WMO and its predecessor the International
Meteorological Organization. For many decades, the
supreme body of the former International Meteorological
Organization was, in fact, known as the Conference of
Directors; most of its members were distinguished
scientists and also managers of their national institutes
or services.
D/NMSs are normally appointed as heads of their
agencies by their line ministers.The roles, responsibilities
and reporting lines of D/NMSs are usually defined in the
legal act for the establishment of the NMSs. At national
level, the basic principle is that the D/NMS is responsible
for implementing decisions taken by the government and
is the decisive authority in all matters not dealt with by
the government. The D/NMS leads the organization in
line with its strategic plan, which is informed by, inter
alia, the National Development Plan, national policy
frameworks, regulations and government priorities. The
D/NMS is accountable to the minister, or in some cases,
to the Council of Ministers or Parliament, for the proper
operation of the organization and fulfilling its public
mandate, and for proper use of public money.
A key function of the D/NMS is coordination with
other national stakeholders from all sectors (public,
private, academic and civil society) to promote the
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needed cooperation and partnerships for the delivery
of information and services in the public interest.
At international level, the D/NMS is responsible for
participation of the NMS and the country as a whole
in international collaborations. Almost all countries are
following the practice that the D/NMS is designated
as the Permanent Representative of the Member
State/territory with WMO and the principal delegate
at the World Meteorological Congress (WMO, 2021a).
The importance of D/NMSs for WMO is seen from the
provisions of the Convention defining their exclusive
eligibility for taking key positions in the organizational
structure – President and Vice-presidents of WMO and
its Regional Associations, as well as members of the
Executive Council.

6.3.1 The Director’s role as a leader of the
national weather, climate and water enterprise
The D/NMS will lead the organization and support crossgovernmental coordination of essential meteorological
and related services. As a leader of the foundational
observing, modelling and service delivery infrastructure
of the country, the D/NMS role in providing thought
leadership to the entire governmental–academic–
private weather, climate and water community will
grow. Such leadership is needed to guide further
development of the sector to the benefit of society
and the economy.
The interdependencies among stakeholders in the
weather, climate and water community will grow as
societal needs diversify and increase the demand for data,
products and services. With the evolution of business
models and the rapidly developing capabilities of the
private sector at all points of the value chain, possible
new solutions will appear within the context of PPE. The
role of the D/NMS will consequently evolve, ranging
from overseeing the activities and quality of internal and
external contracted services, to aggregating elements
from a multidisciplinary ecosystem of providers.
The increased collaboration and coordination among
governmental agencies with responsibilities for safety
of life and property (for example, the civil protection and
preparedness agencies) implies that the D/NMS must
be able to have a holistic view of the societal needs to
plan for future deliveries from the NMS. The trend is
that the D/NMS is increasingly involved in the national
risk management framework, providing direct contacts
and reporting to top-level government officials, which
provides opportunities to raise the NMS profile and
visibility and to advocate strongly for increasing public
resources in support of its key role for building national
resilience.

The role of the D/NMS should also evolve with the
increasing importance of mitigation and adaptation
to climate change worldwide. The demand for climate
science and services to inform the national adaptation
plans requires coordination with scientific institutions,
regional and central authorities, businesses and NGOs.
The D/NMS will have an important task to keep the NMS
as a valued stakeholder and partner in the climate change
discussions and adaptation planning.
A major task for the D/NMS will be to facilitate and
lead as necessary the public–private–academic dialogue
in the country. Moving forward, the D/NMS must be
increasingly aware of the evolving capabilities and
needs of the private and academic sectors when making
investment, R&D and policy decisions for the NMS. The
funding and human resources constraints will continue
to impede NMS ability to meet the growing demand for
information and services; therefore, partnership solutions
with leveraging of the existing capacity of all stakeholders
should become a strategic approach for delivery of the
requisite services to society.

Regional and subregional partnerships among NMSs
are entering a new dimension with novel opportunities
for regionalized execution of the core mandates of
NMSs. New types of development projects assisted by
international development and funding agencies are
expected, for which the D/NMS should be prepared to
exercise multi-stakeholder coordination and leadership.

6.3.2 Capacity-building for future Directors
There has been a general shift from having the
organization led by its most distinguished scientist
to requiring a balance of management and scientific
expertise. The dynamic developments in the global
challenges and within the weather, climate and water
community will lead to regular reviews of NMS roles
and operating/business models, which will also affect the
roles of D/NMSs. Thus, it is crucially important to develop
a dynamic capacity development programme, with the
help of WMO, to assist the top executives develop and
maintain the requisite knowledge and skills, including:

A specific area of increased coordination and
collaboration will be the hydrology services in those
countries where they are not in the remit of the NMS. In
many countries, there is no single Director of the NMS
and the NHS; in some countries, the NHS Director is
organizationally senior to the NMS Director. While the
NMS Director, as Permanent Representative with WMO,
has some responsibility for all national meteorological
and hydrological activities for WMO purposes, that
authority does not usually include intrusion into the
mandate of the NHS Director for hydrological activities
for non-WMO purposes. It is of paramount importance
for the D/NMS to develop close relations with their
counterparts in the hydrology and water resources
sectors to tackle the increased risk of water-related
disasters that need multidisciplinary actions. This
will result in more relevant and effective MHEWSs
leveraging the monitoring and forecasting capabilities
of both communities.

• Convening/coordinating/networking skills of the
D/NMS, which are more essential than ever before.

In a future scenario with strengthened regulatory function
of the NMS, expected in some countries, the D/NMS
must lead the development of capacity for inspection
and oversight, underpinned by adequate qualification
and competence-building measures for the stakeholders
from other entities. Transparency, integrity and fairness
in executing these roles need to become part of the
organizational values and culture.

• Being seen as a key stakeholder in helping Member
States to safeguard sustainable development gains,
fast-track accomplishment of SDGs, and articulate and
reinforce centrality of NMSs in guiding decisions on
urgent climate actions and DRR.

• Ability to reach out and engage with a wider range
of sectoral agencies and non-technical agencies to
understand their perspective and need for NMS
products and services.
• Representing the funding and other needs of the NMS
to government.
• Serving, as necessary, as the public face of the NMS
in the community.
• Ability to articulate the NMS position as an enabler/
facilitator in helping stakeholders understand the
value of NMS data and services for enhancing regular
planning and operations, as well as during severe/
extreme events (in resources and risk management).
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With regard to the changing business models, new
business skills will be needed for the next generation
of D/NMSs as Chief Executive Officers and enterprise
leaders, in case of more commercial orientation of
the NMS.17 A balanced combination of “institutional
leadership” and “entrepreneurial leadership” will be
necessary to reveal the full potential of future NMSs.
This will include management knowledge and economic
knowledge related to marketing and revenue generation
in a competitive environment and understanding of
corporate culture.

For D/NMSs in developing countries, a major task for the
coming years will be to transform, in cooperation with
development assistance organizations and financing
partners, the development projects conceptually and
operationally. This should ensure long-term impact of
the invested resources in modernizing the technology
and service capability performance of NMSs.
A D/NMS should have a clear view of the future of their
NMS as a sustainable institution providing service for
the public, private, academic and end-user stakeholders,
fulfilling its international commitments to WMO and
other international organizations, and contributing to
the global public good.
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Resolving the specific challenges in developing countries
will depend strongly on the leadership, managerial skills
and vision of D/NMSs. They need to understand the
necessary collaborations with national and international
public and private entities, and also see how partnerships
can help to improve the financial situation of NMSs.
This is particularly important for new approaches to

remunerate infrastructure costs and further infrastructure
developments, create financial resources for key human
resources retention, and enable NMSs to build a complete
services value chain.

Automatic weather stations in the thin air, photo by Arbindra Khadka, WMO 2021 Calendar Competition

17 This is not a universal trend; therefore, there will be diverse skill requirements depending on the business model of the NMS.
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7. VISION OF THE FUTURE
The vision for future NMSs should be aligned with the
overall WMO vision and strategic objectives. Making
the world more resilient through providing enhanced
weather, climate and water intelligence, reaching all in
need to act and mitigate the related risks, reinstates
the main mandate and objective of protecting
life and property, safeguarding the environment
and contributing to economic development. New
intelligence is based on enhanced knowledge and
technology, and there is a constant strive for deploying
cutting-edge innovation along with promotion of
enhanced use of the decision-support information and
services provided by NMSs as an indispensable part
of soft infrastructure18 and a common public asset.
Depending on their current development status and
future priorities, NMSs formulate their visions for 2030
and beyond with various levels of ambition. Highly
developed NMSs are already on track for building their
new capacities supported by innovative technology and
enhanced collaboration with the private and academic
sectors, as well as with user communities. For instance,
in the United Kingdom’s Met Office:
…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 them from a series of standard data offerings.
We work in partnership with skilled organizations
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.
Such NMSs are also implementing initiatives involving
major conceptual changes in the way they serve society,
for example, the United States NWS move towards IDSS
in support of a WRN:

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.
In Japan, the Meteorological Subcommittee, Council
of Transport Policy, developed a policy statement on
the vision for meteorological services in 2030 (Japan
Meteorological Agency, 2018). It envisages a safe,
resilient and vibrant society where life and property
are protected, and economic activity innovations are
supported by meteorological services provided on an
inclusive basis by JMA and other entities. Following the
statement, JMA defines its 2030 vision as:
To contribute to the development of the society,
through public-private-academic engagement
and international cooperation, to innovate
observation and forecasting techniques via
constant incorporation of cutting-edge technology,
and to promote full utilization of meteorological
information/data in various aspects of everyday
life as indispensable and fundamental public soft
infrastructure.

18 Soft infrastructure is all the services required to maintain the economic, health, and cultural and social standards of a population, as opposed to the
hard infrastructure, which is the physical infrastructure of roads, bridges and so forth.
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Mid-echelon NMSs may focus on narrowing the capacity
gap with global leaders in terms of the quality and impact
to society of their services. For example, in the Viet Nam
Meteorological and Hydrological Administration:
By 2030: The science and technology of VNMHA
would reach the level of top hydrometeorological
services in Asia; i.e., 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
multi-purpose and multifield.
By 2045: To develop Vietnam’s hydrometeorology
sector with the same level and capacity as
developed countries in the world.
And in Peru, the vision of SENAMHI states:
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 to make
decisions, generate public and private services,
and deepen their scientific knowledge related
to weather, water, climate and atmospheric
environment, contributing to their well-being
and the sustainable development of the country.
SENAMHI is recognized by the citizens as the leader
in meteorology, hydrology, agrometeorology,
and the atmospheric environment, with strong
scientific and technical capabilities that respond
rapidly to changing needs and demands. Its
personnel is 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.
The “smart meteorology” vision of CMA in China includes
specific objectives of performance improvements:
By 2035, China will basically realize the
meteorological modernization characterized by
smart meteorology, largely establish four networks
with optimized structures and improved functions,
including national weather, climate, specialized
weather and space weather observation networks,
to enable the global full-time all-element
sophisticated meteorological monitoring. CMA
will be in a position to deliver accurate forecasts
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featuring “Five Ones”, that is, one-hour lead time of
local severe weather warning, one-day lead time
of hourly weather forecast, one-week lead time
of severe weather forecast, one-month lead time
of major weather process forecast and one-year
lead time of global abnormal climate prediction.
CMA will deeply integrate meteorology with all
fields of national economy by further improving
the mechanism for synergetic meteorological
development to enhance the resilience of the
whole society to meteorological disasters and
climate change, and greatly improve the coverage
of meteorological services and the socio-economic
and ecological benefits.
In Europe, a common vision for a highly collaborative
regional weather and climate system of NMSs is being
sought and promulgated through EUMETNET:
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 datasparse 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.
For NMSs in less developed countries facing challenges
in securing the necessary financial and human resources,
the focus of the future vision is on achieving sustainability
of their operations, filling existing gaps in the value chain,
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enabling uptake of modern technology and transitioning
to the provision of adequate level of services to their
governments and other users. There are high risks for
NMSs in these countries of further lagging behind their
peers in developed countries. Joint efforts by WMO and
development partners are needed to communicate and
convince the need for enhanced government support
to NMSs as key players in adaptation and resilience
actions. Such support should include opening up new
opportunities for enhanced multisector cooperation
and partnership through legislative and regulatory
frameworks, and developing open data policy. The WMO
PPE policy should find its place in building the vision for
the future of NMSs in developing countries as valued
national institutions and partners.
Deriving from the above examples, which are taken
from author contributions to this paper, contained
in the Annex, a common 2030 vision for NMSs will
reflect on the key drivers that will affect and guide
the evolution of the role and operation of NMSs. The
drivers include: (a) increasing threats of extreme weather
and the climate crisis that urge action for resilience,
mitigation and adaptation; (b) the global agenda,
based on global socioeconomic risks, which is creating
unprecedented demand for actionable, accessible and

authoritative science-based information; and (c) the
rapid advancements in science and technology and
the changing landscape of data and service delivery
that urge for innovative partnerships among the public,
private, academic and civil society sector stakeholders
of the weather, climate and water community.
Perhaps the biggest challenge NMSs need to base their
vision on is how to develop further their capabilities
to help in reducing the vulnerability of their national
communities. Extreme weather due to the changing
climate is challenging local governments, emergency
managers and safety officials who need to prepare
for events without an adequate frame of reference.
Communities need to understand and visualize their new
risks, elaborate collective response plans and overcome
individual behaviours that may be woefully inadequate,
even when based on decades 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. Thus, a future NMS vision
should focus on the critical role of the NMS in mitigation,
adaptation and resilience in the changing Earth-system
environment.
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An appealing vision statement should be supported
with clarity on how it will be achieved. For instance, the
Met Office defines three strategic anchors to rely on
in achieving its vision of being “recognized as global
leader in weather and climate science and services in
our changing world” (taken from the contribution to this
paper, contained in the Annex):
• Excellent people and culture

With such strategic anchors in mind, a vision focused
on an enhanced body of knowledge for provision of
scientifically based decision-support information to
meet critical societal needs, optimal technological
capability fed by innovation, broad and inclusive
partnerships for achieving sustainability, and internal
excellence will help NMSs build their development
strategies for the coming 5–10 years. In summary, Box 11
lists elements of the vision of an idealized NMS in 2030+
that have emerged.

• Exceptional science, technology and operations
• Extraordinary impact and benefit

Box 11. Elements of the vision of an idealized NMS in 2030+
• The NMS will continue to play a central role in the
provision of weather, climate and water services
for its country. It has the important mission of
supporting national needs, including the protection
of life and property of citizens in the context of highimpact meteorological events. It will be the main
representative of national interests with respect to the
international weather, climate and water community
and a facilitator of enhanced cooperation, collaboration
and coordination globally, regionally and locally.
• The NMS will be seen as a competent and authoritative
provider actively contributing to the prioritized societal
missions, such as: reducing the impact of extreme
weather events through efficient and user-oriented
warnings, adapting to climate change and other
societal changes, restoring oceans and waters, building
smart cities and developing sustainable agriculture.
• The NMS will have a consolidated observing network
with a sustainable funding and operating model
that will adapt according to the local situation, also
supported by a clear commitment at governmental
level with open possibilities for engagement with the
private and academic sectors. The NMS will share
Earth-system data based on the free and unrestricted
principle for use by other WMO Members, and
regional and global centres. It will make full use of
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satellite, radar and new emerging data, including
crowdsourced data, in particular, for nowcasting
applications in support of highly effective MHEWSs.
• Cloud technologies will be used by NMSs to access the
wealth of Earth-system data and ensemble predictions
provided with an open data policy by global centres
and organizations at kilometre-scale resolution for
weather, oceans, sea ice, atmospheric composition,
floods and fire danger data.
• ML will be fully integrated into NMS weather and
climate services. ML solutions might be integrated
into the weather and climate services workflows of
organizations such as ECMWF to avoid heavy data
processing and to allow for interactive use. Similarly,
stakeholders will be supported to interactively use
information, data and products together with weather
and climate information provided by NMSs.
• The NMS takes part in national and international
collaboration and cooperation that will improve
its services to end users and other governmental
agencies. The NMS has a thorough understanding
of its users and how they use data from the NMS,
and allows itself to be challenged by its users and
stakeholders. The funding of NMSs has a competitive
element, to secure quality and impact of R&D.

8. CONCLUSIONS
Realization of the WMO vision by 2030 for a more
resilient world poses many challenges to the weather,
climate and water community. It requires a concerted
effort for progressing the delivery of data, information
and services needed by decision makers at all levels to
mitigate the impacts of climate change and extreme
weather, and the related environmental issues. NMSs
have a central role in their countries as institutions
responsible for monitoring of Earth-system conditions
and provision of science-based advice and services.
Their successful advancement will be a key factor in
ensuring vital services are provided to society.
A major consideration by the drafting team and reviewers
of this paper was the rapidly changing environment,
influenced by many factors – external and internal. NMSs
are organizations providing “knowledge-intensive”
services, utilizing huge volumes of data and innovative
technologies, which will remain areas of extreme
dynamism in the coming years. The ability of NMSs
to adapt to changing conditions and benefit from new
technologies will require agility, foresight and change
management at each step. Thus, the considerations
highlighted in this paper are aimed to help NMSs make
informed strategic choices for their future development.
To remain relevant and competitive and to fulfil their
public safety mandate, NMSs must continually evolve
to become more efficient, more effective and higher
performing. NMSs should focus on increasing the
benefits of partnerships and collaborate widely across
the public and private sectors, as well as with central and
regional governments. NMSs should be seen as valued
partners in managing national hazards and risks, and a
significant contributor for preparation and responses to
the impacts of climate change.
This chapter presents key messages and recommendations
derived from the comprehensive analysis of the evolving
societal needs and observed trends in the technological
and operational ecosystems in which NMSs operate.

8.1 Institutional strengthening
• NMSs vary considerably in the size and scope of
their responsibilities, driven by government needs
and priorities. Therefore, there is no one-size-fits-all
trajectory or model for NMSs of the future.
• However, wherever they sit in the range of scale
and sophistication, all NMSs have a common need
and desire to enhance the benefits they provide
at the national level and to the wider global
community through: modernization of underpinning
infrastructure; human resources development; and
delivery of high-quality, actionable and user-informed
impact- and risk-based forecasts and information
services.
• The ongoing effort towards improving national legal
frameworks under which NMSs operate should focus
on defining better the mandate and functions of NMSs,
along with possible roles of other stakeholders in the
national context, due to the increasingly multisector
and multi-stakeholder value network. Impacts of
contradicting trends (“more stringent regulation”
versus “deregulation”) need analysing in the national
context.
• NMSs need to be regarded as vital components of
the national resilience, as authoritative sources of
data, advice and modelling capability on extreme
weather and climate change. This is fundamental to
the national resilience strategies of Members.
• Reinforcing and strengthening the role of NMSs as the
SAV for hydrometeorological warnings will continue
to require a significant effort to coordinate with their
governments and relevant national stakeholders
from the public, private and academic sectors. Such
coordination is most effective when there is a strong
link to the wider emergency response community
with defined joint response protocols for the predicted
impacts of hazardous weather and environmental
conditions.
• Strong efforts, based on the WMO UDP, should be
made during this decade to ensure better recognition
by the governments of the benefits of free and
unrestricted access to NMS public data, which should
result in allocation of more adequate financial, human
and technical resources to allow NMSs to fulfil the
core function of data provision for various economic
and societal needs.
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8.2 Changing operational environment
• The global digital drive is calling for an accelerated
digital transformation in all elements of the value
chain. The automation is expected to encompass all
parts of the value chain and will lead to organizational
changes in NMSs as well as reorientation of their
service delivery approaches. All this will require midand long-term planning of the evolution of human
capital.
• Advancements in technology, especially the public
cloud and pervasive Internet, offer a new route to
improved performance, which may enable smaller
services to access improved forecasting skill without
needing to take all the intermediate steps to replicate
the capabilities of leading centres. A community
approach, where WMCs evolve to provide cloudbased data platforms plus the training and support
to use them, is seen as a fundamental step to enable
all NMSs to leverage advancements in science and
technology.
• At the level of leading global centres, new digital
developments such as digital twins will provide
globally accessible high-resolution predictions of the
Earth system (European Commission, 2021). Such
new resources will be used by NMSs to support their
governments, businesses and citizens with a new level
of weather and climate intelligence, thus supporting
greater preparedness, adaptation and resilience.
Downstream cascading of such technological
advancements to less developed countries will
be a major task towards achieving the long-term
sustainability goals of the global agenda. NMSs in
these countries will benefit from the available shared
capacity and expertise in addressing complex issues
at national and local levels.
• With the ever-increasing amounts of data generated
by enhanced observations and modelling, and the
changes in the way society is assessing and sharing
information (for instance, through smart mobile
devices), it is desirable that the WMO Infrastructure
Commission, the Services Commission and the
Research Board develop appropriate digital strategies
and research avenues to assist Members in addressing
these major transformations.
• Realizing the opportunities for utilizing the WMO UDP
to close capacity gaps in observation networks and
to increase the availability of and access to data will
benefit the performance of every NMS and should
continue to be prioritized and sustained.
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• The increasing impacts of climate change are a
powerful driver for NMSs to expand and improve their
provision and delivery of longer-range weather, water,
climate and related environmental forecast services.
However, meeting these new demands will continue
to represent a significant challenge for many NMSs
that lack adequate resources.

8.3 Partnerships
• In the coming decade, there is every reason to assume
NMS critical partnerships will, and must, continue and
expand. Progress will require inclusive multisectoral
partnerships, leveraging the strength of the public and
private sectors, supported by the research community
and civil society, operating in tandem and effectively
working through challenges to meet the increasing
weather, climate and water needs of each nation.
• Partnerships and collaboration with the private
sector and academia have the potential to accelerate
improvements in every step of the value chain, from
observations to service delivery. The sustainability of
basic infrastructure is an area where opportunities
arising from stronger partnerships may be particularly
beneficial.
• Partnerships and collaboration with the ocean
science and services communities and leadership in
interdisciplinary partnerships across meteorology,
hydrology and oceanography are needed to support
the full range of Earth-system and environmental
services.
• With the ongoing scientific and technological
progress, partnerships of NMSs with the research
community at national and international levels will
be more crucial than ever before. They are particularly
important for the desired acceleration of the transfer
of scientific and technological achievements into
operational practices. NMSs need to embrace the
concept of co-design and co-development to allow a
flow of innovations along the value chain, resulting
in better services for societies.

8.4 International cooperation

8.5 Human resources and leadership

• International cooperation at State level through
WMO will continue to be a critical success factor
for NMS performance. The exemplary cooperation
among WMO Member States and Territories for many
decades has already proved that. This tradition must
continue and expand, in particular, ensuring free
and unrestricted international data exchange and
sharing, and coordinated efforts in furthering capacity
development of Members at all levels.

• Leadership, talent management, skills development,
equality and diversity are essential aspects to
consider in human resources strategies, enabling
recruitment and retention of the right people and
their empowerment. Investment in the skills required
to effectively leverage partnerships is becoming
increasingly important as NMSs seek to complement
their own human resources by working with others.

• Regional collaborations are an extremely effective
way of raising the collective performance of a group
of services at a similar developmental stage, and even
more so if the regional collective agrees and pursues
a common strategy for improvement. In addition to
the WMO Regional Associations, there are many other
excellent examples of regional collaboration models.

© WMO

• Bridging the capacity gap between NMSs of
developing and developed countries will require
innovative international cooperation with a focus on
the rapid increase of national capacity for delivering
core information and services, in particular warning
services, and a guarantee for long-term sustainability.
The established new mechanisms with development
partners (such as the Alliance for Hydromet
Development and SOFF) will have to be fully deployed
soon to achieve the desired results.

• There is a strong consensus that the role and
functions of the D/NMS will evolve significantly
in the coming decade due to the general trend
of increased socioeconomic demands and wider
collaboration nationally and internationally. The many
challenges facing NMSs in science, technology, and
the political and social environment will establish
new requirements for qualifications, competency and
skills. D/NMS career development planning should
account for the challenging role of coordinating with
all national stakeholders dealing with weather, climate
and water services. D/NMSs should endeavour to
be leaders of national weather, climate and water
enterprises, representing the public, private and
academic sector interests.

Touch, photo by Stanislav Juretic, WMO 2022 Calendar Competition
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