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Executive Summary

The Heads of State and Government, Ministers and Heads of Delegations present at the World
Climate Conference-3 (WCC-3), held from 31 August to 4 September 2009 in Geneva, through the
Conference declaration, decided to establish a Global Framework for Climate Services (hereafter
referred to as “the Framework”) to strengthen the production, availability, delivery and application
of science-based climate monitoring and prediction services. The declaration decided that a task
force, consisting of high-level independent advisors, would prepare a report, including recom-
mended action on the proposed elements of the Framework, taking into account the concepts out-
lined in the Brief Note annexed to the Declaration. This position paper outlines the overall vision of
the Framework for consideration by the task force.

INTRODUCTION

1. Adaptation to climate variability and change represents an important challenge for the sus-
tainable development of society. To be effective, adaptation requires a policy framework,
technology and practices to adjust to expected changes, supported by relevant climate in-
formation and tools. The Framework is designed to mainstream climate science into deci-
sion-making at all levels and help ensure that every country and every climate-sensitive sec-
tor of society is well equipped to access and apply the relevant climate information. The
overarching goal of the Framework is:

To enable better management of the risks of climate variability and
change at all levels, through development and incorporation of science-
based climate information and prediction services into planning, policy
and practice.

2. Climate services deal with the generation and provision of a wide range of information on
past, present and future climate and its impacts on natural and human systems. Also in-
cluded is the application of that information for decision-making at various levels in society.
As understanding of the climate system grows and society becomes more aware of the po-
tential benefits from use of this knowledge, communities will increasingly expect that these
services are: accessible, dependable, usable, credible, authoritative, responsive, flexible and
sustainable.

THE CONCEPT AND COMPONENTS OF THE FRAMEWORK

3. Climate information and products are dependent on sustained, long-term, high-quality obser-
vations of climate elements over the land and oceans and in the atmosphere; synthesizing
these observations; monitoring various processes and understanding them through diagnos-
tics, research and modelling; and making predictions/projections of what to expect in weeks,
months, years or decades to come. Further, the application of climate services must involve
close interaction between the providers and the users. As such, the production and applica-
tion of climate services requires concerted multidisciplinary efforts.

4. Given the complexity of and requirements for climate services, addressing the immense va-
riety of user needs for climate services is beyond the capacity of any single organization, a
small group of organizations or a country. It calls for an unprecedented collaboration among
institutions across political, functional and disciplinary boundaries. The Framework is, there-
fore, conceived as an integrating set of international arrangements which will be built upon
the established global climate observation and research programmes as well as operational
structures into an end-to-end product generation, service provision and application system.
Many of these elements (systems, programmes, projects, institutions, etc.) are either already
in place or are in the process of being established. The Framework must be designed to be
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an effective, efficient and economically viable mechanism for the generation, delivery and
application of climate services.

Noting that the “Global Framework for Climate Services” should be user-need driven, as a
process, and the recommendations incorporated in the Conference Statement, it is proposed
to have five major components: (i) observations; (ii) climate research, modelling and predic-
tion; (iii) a climate services information system (CSIS); (iv) a climate user interface pro-
gramme (CUIP); and (v) capacity building.

OBSERVATIONS

6.

National Meteorological and Hydrological Services (NMHSs), for more than 150 years, have
built infrastructure for observation on land, at sea and in the air that measure meteorological
and some environmental variables. Various agencies are charged with the national imple-
mentation of the individual observing networks and systems. These observing networks
across a number of observing domains follow procedures and adhere to standards estab-
lished through intensive work of the WMO Technical Commissions, which now fall under the
WMO Quality Management Framework. Over the past 50 years the growth in remote sens-
ing technology and computer capabilities has led to very accurate high-resolution, multi-
spectral digital renderings that comprise satellite data today. With sophisticated users and
their concomitant requirements, the earth system observation by satellites are used for a va-
riety of applications that span time scales from nowcasting to climate, and include land,
ocean, atmosphere and ecological applications

In response to the decisions at the Second World Climate Conference (1990), the Global
Climate Observing System (GCOS) was conceived. GCOS is built on the WMO Integrated
Global Observing System (WIGOS), the I0C-WMO-UNEP-ICSU Global Ocean Observing
System (GOOS), the FAO-UNEP-UNESCO-ICSU Global Terrestrial Observing System
(GTOS), and a number of other domain-based and cross-domain research and operational
observing systems. Its overall objective is to support all components of the World Climate
Programme (WCP), the climate change assessment role of the Intergovernmental Panel on
Climate Change (IPCC), and the international climate policy role of the United Nations
Framework Convention on Climate Change (UNFCCC). To ensure the quality and consis-
tency of observations, GCOS has developed a set of Climate Monitoring Principles to guide
the collection, archiving and analysis of in-situ and satellite-based climate observations.The
Global Earth Observation System of Systems (GEOSS) encompasses Earth observations in
nine societal benefit areas. GCOS has been recognized as the key climate-observing com-
ponent of GEOSS.

WMO periodically evaluates the requirements for observations for a variety of applications
(e.g. weather forecasting, seasonal climate prediction for application in agriculture, aviation,
and water management, among others), and to meet IPCC and UNFCCC requirements,
through ‘Rolling Review of Requirements’ process. The GCOS also reports on the progress
and the adequacy of the global observing systems for climate in support of the UNFCCC.
Climate and climate related observations are needed for: climate system monitoring; climate
change detection and attribution; operational climate prediction on seasonal-to inter annual
time scales; research to improve understanding, modeling and prediction of the climate sys-
tem; assessment of the impacts of, and vulnerability and adaptation to, natural climate vari-
ability and human-induced climate change; and applications and services for sustainable
economic development. In addition, related systematic environmental and socio-economic
data and information are needed to assess human and environmental vulnerabilities and
plan actions that must be taken in various development sectors to adapt to climate variability
and change.

These reviews have identified a number of critical issues related to the observations such as:
spatial and temporal data gaps; absence of organized and standardized socio-economic
data gathering mechanism; limited access to some data; non-availability of historical records
in digitized form; appropriate processing and archiving systems to handle vast amount of
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data; and interoperability of data. It is important to reduce these gaps as they adversely im-
pact the reliability of climate services including monitoring, predictions and projections.

Underpinning an effective climate service is the systematic gathering of high quality basic
climate and environmental data. The vision for the Observation component of the Frame-
work is to greatly enhance the capabilities of WMO Members to access, develop, implement
and use integrated Earth- and space-based systems for weather, climate and hydrological
observations, as well as related environmental observations, to fill-in the critical gaps, and to
make available the variety of climate data required to monitor the Earth’s climate system,
understand it better and make better predictions and projections; along with the related envi-
ronmental and socio-economic data from various application areas to assist society for the
decision making process as it determines impacts and vulnerabilities, adapts to climate
change, and develops mitigation and adaptation strategies. Considering that weather and
climate know no political boundaries, it is vital that the meteorological and hydrological data
that are fundamental to operations and research are quickly and reliably shared around the
world.

Establishing and maintaining an operational observing system requires significant human
and financial resources. In competition with major societal and economic issues, observing
systems often get relatively low priority and funding in national financial planning. As a result,
observation networks around the world are deteriorating, in both the developed and develop-
ing countries. With respect to data access, some restrictive data policies and the non-
availability of some of these data sets in electronic form prevent the optimal use of the data
and information generated by these systems for the benefit of society.

Strengthening, upgrading and modernizing the observation networks that NMSs currently
use for weather observations to better serve the needs of weather, climate and water serv-
ices is a high priority. Observational networks established for research, but which have po-
tential ongoing applications in weather and climate services, need to be converted into ro-
bust operational observation programmes with sustained funding. It is essential that data are
collected to the required standards to meet the purposes for which their use is intended.

Collection of environmental, biodiversity, and socio-economic data, which is largely ad hoc
and not well organized in most countries, needs to be coordinated. There are a limited num-
ber of standards developed so far for observation and archiving of such data. For sector-
specific information, products and services, all sectors would also have to systematically col-
lect and manage relevant data for their activities. Barriers to sharing of data among various
institutions within the country and with the global research community need to be removed.

An WMO Integrated Global Observing System (WIGOS), supported by an integrated WMO
Information System (WIS) is essential to realizing the socio-economic benefits to be derived
from a wide range of weather, climate, water and related environmental products and serv-
ices. WIGOS will ensure a coordinated WMO contribution to the cosponsored GOOS and
GTOS and will be key to the successful implementation of GCOS in support of the UNFCCC,
and in the development and implementation of the future Global Framework for Climate
Services (GFCS). Through WIGOS and WIS, and their support for GOOS, GTOS and GCOS,
WMO will make a fundamental contribution to the success of the Global Earth Observation
System of Systems (GEOSS).

CLIMATE RESEARCH, MODELLING AND PREDICTION

15.

Climate research, including modelling and prediction aspects, is essential for the Framework
to characterize climate variability and change and to generate quantitative climate predic-
tions and climate projections on a range of time and space scales. The World Climate Re-
search Programme (WCRP), established in 1979 jointly by WMO, the ICSU, and joined later
by the Intergovernmental Oceanographic Commission (I0C) of UNESCO as a major compo-
nent of the World Climate Programme (WCP), has helped determine the extent to which cli-
mate can be predicted, and the extent of human influence on the climate system. It has suc-
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2. The Framework

7. The Global Framework for Climate Services (GFCS) is designed to help ensure that every
country and every climate-sensitive sector of society is well equipped to access and apply the
growing array of climate prediction and information services made possible by recent and
emerging developments in international climate science and technology. The GFCS should
mainstream climate science into everyday life.* The ultimate goal of the GFCS is:

To enable better management of the risks of climate variability
and change at all levels, through development and incorporation
of science-based climate information and prediction into planning,
policy and practice.

2.1. CLIMATE SERVICES

8. Climate services consist of the generation and provision of a wide range of information on past,
present and future climate and its impacts on natural and human systems, and the application
of that information for decision-making at all levels of society. They are provided by a variety of
national and international, public and private, and research and operational organizations and
are used for a wide variety of purposes to deliver social, economic and environmental benefit in
almost every climate-sensitive sector of the community. Some climate services are provided as
public goods to the community at large while others are provided and consumed under com-
mercial or other financial arrangements between individuals, firms, organizations or govern-
ments.

9. Climate services need to inform decision-makers about what is happening with the current cli-
mate, and why and how the climate could change in the future. They are closely linked with
traditional weather services and are increasingly focused on the challenges of adaptation to
climate variability and change. The past few years have seen a major focus on the develop-
ment and application of new and better services. As understanding of the climate system grows
and society becomes more aware of the potential opportunities arising from this knowledge,
communities increasingly expect that these services should be:

Available/accessible: at time and space scales that meet the needs of users

Dependable: delivered regularly and on time

Usable: presented in user-specific formats so that the client can fully understand the serv-
ice

Credible: for the user to confidently apply to decision-making

Authoritative: entitled to be accepted by stakeholders in the given decision contexts
Responsive and flexible: to the evolving needs of users

Sustainable: affordable and consistent over time

10. Climate information is built on observations, assimilation of data from observations into models,
and using the models for attribution and prediction. The information is assessed and assem-
bled into products that are disseminated to users, and the users in turn provide feedback on
their needs for improvement of the products (Figure 2.1). The climate information and products
include an extensive array of general and user-specific information, prediction, warning and
advisories that may range from general public information to customized products.

11. The provision and application of climate services involves a wide range of relationships be-
tween the providers and the users of the information. Climate service providers not only need
to strengthen the production, availability, and delivery of climate information and products, but
also need to work closely with users in various sectors, either directly or through boundary or-
ganizations, to ensure their application. At the same time it has to be recognized that “users”
function at various spatial and temporal scales — from an individual farmer, to a town planner,

* Conference Statement, WCC-3.
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to river basin managers, to national planners, and to international development organizations —
and have both common and very different requirements of climate information. Some of this in-
formation is self-explanatory, but some of it will require guided interpretation.

Figure 2.1. Conceptualization of climate information generation system

Stakeholders
Users, Decision Makers

Assessments

Products
Information

ional
Basic +2§S{i%tcliona rediction C!i_matek
Research 1 Research ttribution Services

Modeling

Assimilation

Observations, Data and Analyses

Source: Trenberth, 2008: WMO Builletin, 57(1), 2008.

2.2. THE CONCEPT

12

13.

14.

. The GFCS should consist of an integrating set of international arrangements which build the
established global climate observation and research programmes into an end-to-end product
generation and service provision and application system which meets present and future user
needs for the full range of climate prediction and information services in support of global, re-
gional, national and local needs in all climate-sensitive sectors of society.

Understanding climate processes, analysing climate change trends and making predictions re-
quires information spanning countries, continents and the globe. At the same time, considering
the nature of interaction between the climate system and human activities, it would require un-
derstanding the totality of the Earth system. Production and application of climate services
therefore requires concerted multidisciplinary efforts from not only institutions specializing in
climate sciences but also from all scientific disciplines supporting various development sectors.

Addressing the immense variety of user needs for climate services is beyond the capacity of
any single organization, a small group of organizations or a country. It calls for an unprece-
dented collaboration between institutions across political, functional and disciplinary boundaries.
The Framework should:

(a) Provide a cooperative mechanism in which all nations, international organizations,
scientists and sectors can work together to meet the needs of users;
(b)  Enable users to benefit from improved climate information and prediction;
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(c) Mobilize climate science globally to advance the skills of seasonal-to-interannual

and multi-decadal climate predictions to generate and provide future climate infor-
mation on an operational basis; and

(d)  Foster principles and mechanisms for sharing new advances in science and infor-

mation through a cooperative global infrastructure.

2.3. COMPONENTS OF THE FRAMEWORK

15.

16.

17.

Development of these products is based on sustained long-term observations of climate ele-
ments over the land, ocean and atmosphere; synthesizing these observations; monitoring vari-
ous processes and understanding them through diagnostics, research and modelling; and mak-
ing predictions/projections of what to expect in months, years or decades. Scientists gathered
at the WCC-3 concluded that great scientific progress has been made over the past thirty years,
which already provides a firm basis for the delivery of the wide range of climate services. How-
ever, the present capabilities fall short of meeting present and the future needs of society. At
the same time, through the Conference Statement, the experts emphasized the need for closer
partnership between the providers and the users of climate information. The experts called for
major strengthening and implementing of: the Global Climate Observing System (GCOS) and
its components; the World Climate Research Programme (WCRP); the climate services infor-
mation system (CSIS); the climate user interface mechanisms (CUIP); and efficient and endur-
ing capacity building.

Based on the Brief Note annexed to the Conference Declaration and the Conference State-
ment (Annex 5), the Framework is proposed to have five major components: (i) observation; (ii)
research, modelling and prediction; (iii) a CSIS; (iv) a CUIP; and (v) capacity building as a
cross-cutting theme running across all the four components. Figure 2.2 shows the post-WCC-3
components, and Sections 3 to 7 of this paper describe each in detail.

While these components are separately considered in the present document for convenience
of presentation, they essentially have to function seamlessly and would require substantial
cross-component coordination. In the descriptions that follow, certain activities can arguably
belong to one or the other component.

2.4, WMO ROLE IN THE IMPLEMENTATION OF THE FRAMEWORK

18.

19.

Given the complexity of and requirements for climate services, the Framework would have to
build an effective, efficient and economical mechanism for the generation, delivery and applica-
tion of climate services. The Framework is expected to build on many of the existing mecha-
nisms and institutions developed over the years.

Providers of climate services are largely the National Meteorological Services (NMSs), gov-
ernments, academia, and other climate-relevant entities. Climate services have often been,
and are perhaps best provided as, a seamless continuum from weather services to climate pro-
jections.
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Figure 2.2. Components of the Global Framework for Climate Services
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WMO? coordinates the activities of the National Meteorological and Hydrological Services
(NMHSSs) of its 189 Members in weather, climate, water and related environmental issues. The
importance of coordinating climate activities was recognized quite early and a Technical Com-
mission for Climatology (CCI) established in 1929 and deals with a wide range of climate-
related matters including climate data, monitoring, applications and services.

. The contribution of WMO to the Framework is built upon the enhanced capacity of NMSs who

have for decades provided climate services in the form of historical climate data and related
products for making long-term planning decisions. In so doing, WMO will rely on the infrastruc-
ture and human resources of NMSs; its strong association with its long-term partners in climate
activities and on establishing new partnerships required for sustainable operations and uptake
of climate services at global, regional and national levels; an effective interface between scien-
tists, service providers and decision-makers; and on coordinated actions with other partners in
the United Nations and boundary organizations. Under the Framework, WMO, through its
Members, would:

Continue to operate and strengthen the observations component in close cooperation with
Food and Agriculture Organization (FAO), United Nations Educational, Scientific and Cultural
Organization — Intergovernmental Oceanographic Commission (UNESCO-IOC), United Nations
Environment Programme (UNEP) and International Council for Science (ICSU);

(e) Contribute to and effectively engage in research, modelling and prediction compo-
nent through its traditional partners UNESCO-IOC and ICSU,;

(f) Establish the operational elements of production and delivery systems as part of the
CSIS;

® WMO is the United Nations Specialized Agency for weather, climate and water. It has a strong commitment to
improvement of the quality and value of meteorological and related services and a long history of support for as-
sessment and demonstration of the social and economic value of meteorological, hydrological and oceanographic
data and services.
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Work with other United Nations, intergovernmental organization (IGO) and non-
governmental organization (NGO) partners in cross-disciplinary research and out-
reach to the users in support of the user interface programme; and

Develop capacities in NMHSs, as well as their regional networking and user inter-
face mechanisms, particularly in developing and least-developed countries as part of
the capacity building component.
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3. Observations

Underpinning an effective climate service is the systematic gathering of basic climate and envi-
ronmental data, using standardized, well-maintained and modern instruments with globally
standardized and sustained observing practices. These data are the foundation on which the
provision of climate services is built, and they must be of high quality, consistent and routinely
available in agreed-upon formats.

The vision for the Observation component of the Framework is to greatly enhance the capabili-
ties of WMO Members to access, develop, implement and use integrated Earth- and space-
based systems for weather, climate and hydrological observations, as well as related environ-
mental observations, to fill-in the critical gaps in climate observations , make available the vari-
ety of climate data (including environmental and socioeconomic data) necessary to support
climate services is generated and made available to users who need it to monitor and predict
climate, assess impacts and vulnerabilities, adapts to climate change, and develops mitigation
and adaptation strategies.

NEED FOR OBSERVATIONS

The prevailing climate of a region has impacts on many decisions. Consistent monitoring of the
climate and thorough analysis of long-term high-quality observation records provides a good
background context for decision-making and for better understanding of changes in prevailing
climate conditions. Generally speaking, the more specific in time and space the product is, the
more detailed in time and space the observational data requirements would be. Comprehen-
sive, continuous climate and climate-related observations are needed for:

Climate system monitoring

Climate change detection and attribution

Operational climate prediction on seasonal-to-interannual timescales

Research to improve understanding, modelling and prediction of the climate system
Applications and services for sustainable economic development

Assessment of the impacts of, and vulnerability and adaptation to, natural climate variability
and human-induced climate change

¢ Meeting the requirements of the United Nations Framework Convention on Climate Change
(UNFCCC) and other international conventions and agreements

3.2. EVOLUTION OF OBSERVING SYSTEMS

26.

27.

The basis for modern weather and climate networks was laid during the latter part of the nine-
teenth century and the twentieth century when systematic global climate observations using an
array of tools including land surface and radiosonde networks, ships, aircraft and satellites,
came of age. The ocean observing system for climate depends on space-based global obser-
vations of sea-surface temperature, sea-surface height, surface vector winds, ocean colour and
sea ice. An urgent and fundamental need identified by the Implementation Plan for the Global
Observing System for Climate in Support of the UNFCCC (GCO0S-92) is to achieve global cover-
age by the in situ networks. These include moored and drifting buoys, tide gauge stations, pro-
filing floats and ship-based systems.

The evolution of the space-based component of the WMO Global Observing System (GOS)
from a one-satellite system in 1967 to a constellation of operational and research and devel-
opment satellites is one of the most outstanding successes of WMO and its Members. The sys-
tem serves not only the observational requirements of weather forecasting, as it did in its early
years, but also a wide range of applications meeting the requirements of climatology, hydrology,
oceanography and disaster prevention. Figure 3.1 illustrates the range of observing systems on
land, at sea, in the air and from space. GCOS, in consultations with NMSs and the WMO CCl,
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Figure 3.1. Building the best understanding of the Earth’s current weather
and longer-term climate involves observing climate elements from the
ground, at sea, in the atmosphere and from space.
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has identified a set of Essential Climate Variables (ECVs) that meet the national and interna-
tional requirements for climate analysis, research and prediction (see Box 3.1).

In addition, related systematic environmental and socio-economic data and information are
needed to assess human and environmental vulnerabilities and plan actions that must be taken
to adapt to climate variability and change in various development sectors. Adaptive manage-
ment requires continuous monitoring and assessments that provide feedback to the decision-
making processes.

3.3. EXISTING COORDINATION MECHANISMS

29.

In response to the decisions at the Second WCC, the GCOS was established as a joint initia-
tive of WMO, UNESCO-IOC, ICSU and UNEP. GCOS addresses the total climate system re-
quirements including physical, chemical and biological properties, and atmospheric, oceanic, hydro-
logical, terrestrial and cryospheric components (Annex 6). GCOS, including both in situ and remote
sensing components, is built on the WMO Integrated Global Observing System (WIGOS), the 10C-
WMO-UNEP-ICSU Global Ocean Observing System (GOOS), the FAO-UNEP-UNESCO-ICSU
Global Terrestrial Observing System (GTOS), and a number of other domain-based and cross-
domain research and operational observing systems. The in situ components are provided by the
National Meteorological Services and other climate observing organizations in more than 189 UN
Member countries, and its space-based components are coordinated by the WMO Space Pro-
gramme, the Committee on Earth Observation Satellites (CEOS) and the Coordination Group for
Meteorological Satellites (CGMS). GCOS has made considerable progress over the years, particu-
larly in support of the identified needs of UNFCCC. In several countries, National GCOS Coordina-
tors and National GCOS Committees provide effective coordination of national and local institutions
on GCOS matters. In addition Focal Points within NMHSs in more than 130 countries interact with
GCOS on issues related to data availability and quality in the atmospheric domain, in particular,
with regard to the GCOS surface and upper air networks.
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The terrestrial component of GCOS is supported by the FAO-led Global Terrestrial Observing
System (GTOS), and together GTOS and GCOS co-sponsor the Terrestrial Observation Panel
for Climate (TOPC). In similar fashion, the ocean component of GCOS is supported by the
IOC-led Global Ocean Observing System (GOOS), and GCOS and GOOS co-sponsor the
Ocean Observation Panel for Climate (OOPC). The climate-relevant components of the various
global, regional and national observing networks that have been incorporated under the aus-
pices of the GCOS since 1991 have provided most of the data used for climate analysis, pre-
diction and change-detection.

Since 2000, WMO Consultative Meeting on High-Level Policy on Satellite Matters, involving the
heads of the satellite agencies, satellite operators and senior officials of WMO, have provided a
forum for high-level policy coordination. One of the milestones of this high-level coordination is
the initiative of a global network of centres for Sustained Coordinated Processing of Environ-
mental Satellite Data for Climate Monitoring (SCOPE-CM) in response to the ECVs require-
ments.

The Global Earth Observation System of Systems (GEOSS) is an intergovernmental initiative
that builds upon existing national, regional, and international systems, with the aim to facilitate
the provision of comprehensive, coordinated and sustained Earth observations from all plat-
forms for the benefit of societies worldwide. GEOSS is organized around nine key societal ar-
eas: agriculture, ecosystems, biodiversity, weather, climate, water, disasters, energy, and
health, and GCOS is the key climate observation component of the GEOSS, Almost all of these
societal benefit areas require climate observations, however, so GEOSS, by fostering en-
hanced integration and interoperability among and between its component observing systems,
contributes to the use of climate information across all societal benefit areas.

3.4. ROLE OF NMHS IN OBSERVATIONS

33.

Climate data have been collected by NMSs in an organized manner routinely for well over a
century. Over time, the systems for observation and for international sharing of the data have
improved in many ways. The World Weather Watch (WWW), founded in 1963, established a
unique international collaboration on observing systems, telecommunication facilities, and data-
processing and forecasting centres. Under the banner of the WWW, NMSs collectively operate

Box 3.1 Essential Climate Variables (ECVs)

Atmosphere (over land, sea and ice) Surface: Air temperature, Precipitation, Air pressure,
Surface radiation budget, Wind speed and direction, Water vapour. Upper-air: Earth ra-
diation budget (including solar irradiance), Upper-air temperature (including MSU radi-
ances), Wind speed and direction, Water vapor, Cloud properties. Composition: Carbon
dioxide, Methane, Ozone and aerosols, supported by their precursors, other long-lived
greenhouse gases

Oceanic Surface: Sea-surface temperature, Sea-surface salinity, Sea level, Sea state,
Sea ice, Current, Ocean color (for biological activity), Carbon dioxide partial pressure,
Ocean acidity. Sub-surface: Temperature, Salinity, Current, Nutrients, Carbon dioxide
partial pressure, Ocean acidity, Oxygen, Tracers, Phytoplankton

Terrestrial: River discharge, Water use, Ground water, Lake levels, Snow cover, Glaciers
and ice caps, lIce sheets, Permafrost and seasonally-frozen ground, Albedo, Land cover
(including vegetation type), Fraction of absorbed photosynthetically active radiation (FA-
PAR), Leaf area index (LAIl), Above-ground biomass, soil carbon, Fire disturbance, Soll
moisture

Source: Implementation Plan for the Global Observing System for Climate in Support of the
UNFCCC (2010 Update). GCOS-138
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a GOS with infrastructure for observation on land, at sea, in the air and from space that meas-
ures weather and ECVs. Various other national agencies are charged with the national implemen-
tation of other climate-related observing networks and systems. Satellite observations have played
an increasingly important role in the observations of earth system and contributed to weather fore-
casting, climate monitoring and monitoring the planet’s well being.

The WMO Integrated Global Observing System (WIGOS) (Annex 7), currently being developed,
will coordinate improved observing networks across a number of observing domains (e.g. ter-
restrial, ocean, atmosphere, including atmospheric chemistry composition, etc.) to include the
WMO Global Observing System, the Global Atmosphere Watch, the World Hydrological Cycle
Observing System, the Global Cryosphere Watch and others. It will facilitate integration of cli-
mate-relevant observations, thereby contributing to GCOS and GEOSS as well as to the Ob-
servation component of the Framework.

The data exchange poI|C|es for meteorological and hydrological data, set by the World Mete-
orological Congress® and implemented by the NMHSs, are fundamental to the routine creation
and dissemination of weather analyses and forecasts around the world. The evolving WMO In-
formation System (WIS)’ takes advantage of the internet to support data and information from
all WMO programmes, and is designed to cater to the climate information needs of WMO, part-
ners and users (Annex 8). The WMO Global Telecommunication System (GTS), at the heart of
the WIS, is operated by countries 24 hours a day, 7 days a week all year round that facilitate
real-time collection, exchange and distribution of weather observations.

High-quality data is crucial for modelling climate processes, detecting human-induced climate
change, and monitoring climate variability. Climate observations undertaken at global, regional
and national levels should be of consistent quality, with minimal inhomogeneities, with few
gaps in the record over time and with appropriate spatial density and temporal frequency. To
ensure the quality and consistency of observations, GCOS has developed a set of Climate
Monitoring Principles8 to guide the collection, archiving and analysis of in situ and satellite cli-
mate observations. The observations coordinated under the WIGOS follow standard proce-
dures established through the intensive work of the WMO Technical Commissions (Annex 9)
under the WMO Quality Management Framework. The standards so developed are recognized
by the International Organization for Standardization (ISO), and WMO is recognized by ISO as
a body that sets standards.

3.5. REQUIREMENTS AND GAPS IN OBSERVATIONS

37.

38.

The current understanding of climate change has been achieved to a large extent through the
reuse of data initially collected for the purposes of weather analysis and forecasting. Global
climate change detection poses a specific challenge for climate observation gathering, not only
through the need for global coverage, but because the trends in climate variables (such as
temperature and rainfall) tend to be small compared with the background “noise” of natural
short-term climate fluctuations. Greater emphasis is therefore required to ensure that the cur-
rent observation networks are strengthened and upgraded to the highest possible quality, to
serve the needs of climate analyses and prediction.

WMO Rolling Requirements Review® helps elicit, define, and record user requirements for
space- and surface-based observations and helps identify gaps, or unmet needs, in observa-

® Resolution 40 (Cg-XIl) — WMO policy and practice for the exchange of meteorological and related data and
products including guidelines on relationships in commercial meteorological activities, and Resolution 25 (Cg-XIil)
— exchange of hydrological data and products.
7 WIS will be the core information system providing linkages for all WMO and supported programmes associated
with weather, climate, water, and related environmental issues. It is being built upon the Global Telecommunica-
tion System.
® For a list of these climate monitoring principles, see
http /lIwww.wmo.int/pages/prog/gcos/documents/GCOS_Climate_Monitoring_Principles.pdf

® More on the Rolling Requirements Review can be found at http://www.wmo.int/pages/prog/sat/RRR-and-
SOG.html
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tions. The review has been used to define requirements in a variety of applications, for weather
forecasting, seasonal climate predictions, for Intergovernmental Panel on Climate Change
(IPCC) and UNFCCC, and observations for agriculture, aviation, and water management,
among others. This review has largely focused on the needs of the climate, weather and water
communities and is coordinated internationally with WMO Members, but not necessarily suffi-
ciently with sector users. It is important to note that there are a number of critical gaps related
to the observations:

Spatial and temporal data gaps

Absence of organized and standardized socio-economic data gathering mechanisms
Limited access to data

Non-availability of historical records in digitized form

Appropriate processing and archiving systems to handle vast amount of data
Interoperability of data

Running observing systems require significant human and financial resources due to the range
of measurements required, the density of stations needed, and the data quality requirements
that require equipment and data quality assurance and data management. Unfortunately, gov-
ernments do not always recognize expenditure on the observation networks as investments
and therefore do not allocate adequate resources. As a result, the condition of observation
networks in some areas of the world is on the decline. Further, only a few countries are able to
implement modern observing systems, such as radars, radiosonds and drifting buoys. In de-
veloping countries, which are coping with major societal and economic issues, climate observa-
tions often get low priority and funding.

The GCOS progress reports on the adequacy of the global observing systems for climate in
support of the UNFCCC (SBSTA) activities provide an important mechanism to alert the world
to the importance of observations, and to the priorities for remedial action. According to its
2004-2008 assessment report, the GCOS has progressed significantly over the last five years,
but still falls short of meeting all the climate information needs of the UNFCCC and the broader
user communities. Particularly, developing countries have only made limited progress, with a
decline in some regions, in building and maintaining their climate observing capability.10 Major
new effort is needed on the coordinated implementation of national climate and climate-related
observation networks in support of climate services.

Substantial historical climate data exist in old, outdated and often deteriorating media such as
paper records or microfilm, and therefore are not usable or readily accessible for climate stud-
ies. This valuable data needs to be rescued, typically through digitization. Further, the modern
electronic media, which are fast evolving, pose additional challenges in keeping up to date with
the technology. The World Climate Data Monitoring Programme (WCDMP; see Annex 10) has
undertaken considerable capacity building in this regard, particularly in developing countries,
but progress has not kept pace with requirements. A special effort is being launched that would
allow building of historical climate data records from all the Earth-observing satellites that have
operated since the beginning of the meteorological satellite programme in the 1960s. Efforts to
digitize land- and satellite-based climate records, in order to extend the climate record back-
wards into the past, would be a critically important part of the observation component of the
Framework.

Sometimes there is a reluctance to exchange data not only with other countries but also within
a country, in part because the data is perceived as a potential source of income. Sometimes
national data policies are very restrictive. Free data exchange would almost certainly provide
benefits that would far outweigh perceived risks. For example, the regional climate models
(RCMs), which only can provide local climate information for adaptation planning, require data
from the region for their validation. If such data are available, all countries in a region would
benefit from more accurate RCM outputs. However, there is still some scope for all countries to
adhere to the recommended data policies in letter and spirit, by addressing the lack of basic

* GCOS Progress Report 2004—-2008 to UNFCCC.



14

43.

44,

45.

46.

47.

POSITION PAPER ON GLOBAL FRAMEWORK FOR CLIMATE SERVICES

telecommunications facilities that hinders the free flow of data, and formulating more open na-
tional policies related to data.

Collection of environmental and biodiversity data, and high-quality socio-economic data, is
largely ad hoc and not well-organized in most countries. There are a limited number of stan-
dards developed so far for observation and archiving of such data. For sector-specific informa-
tion, products and services, all sectors would also have to systematically collect and manage
relevant data for their activities. These data, where they exist, may require consolidation, de-
velopment of metadata, and evaluation of how to merge information with climate-related infor-
mation, on time and space scales. Some data sets are not easily accessible to the users, and
their availability may require high-level government decisions and commitments to changes in
policies for data sharing.

Under the Framework, however, the Rolling Review of Requirements process referred to above
would expand to include requirements for climate observation and monitoring products needed
by major socio-economic sectoral groups. The Rolling Review could help identify data the sec-
toral users need for adaptation and risk management, including risk assessment that they
could then blend with socio-economic data. The review team could include specialists from
these climate-sensitive sectors.

Some observation networks have been developed through research initiatives. Over time, they
have become quasi-operational and have been instrumental in advancing climate prediction
and analysis. These networks need to be supported and should, where possible, be converted
into robust operational observation programmes with sustained funding.

As the gaps in observations have adverse impacts on the understanding of vital climate proc-
esses and phenomena, and on the accuracy of climate predictions and projections around the
globe, it is important to help reduce the observation gaps by supporting developing countries in
strengthening their networks. The GCOS Cooperation Mechanism was established in 2003 as
one means by which developed countries can contribute to observing system improvements in
developing countries, for example, by supporting the implementation of projects contained in
GCOS Regional Action Plans. However, the mechanism is not yet as effective as it could be, as
contributions are only a fraction of needs. The Regional Action Plans themselves are now some-
what dated, but they all contain priority project proposals, as determined by regional and NMHS ex-
perts, designed to fill gaps and deficiencies in climate observing systems. The projects in these
plans can be a significant contribution to the GFCS, but they need to be revised, updated, and im-
plemented.

The contribution of WMO to the climate observations component of the Framework, along with
its strengths and plans for addressing known gaps, is shown in Box 3.2.
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Box 3.2 WMO contribution to the observations component of the Framework

WMO current strengths (2009-2010)

1.
2.

N o o A W

- O

Comprehensive networks: operational weather/climate observations (that is, daily or con-
tinuous) by 189 NMHSs, and partners.

Network comprises approximately 11 000 stations (near-surface observations on land);
1 300 land stations, 15 ships and 3 000 aircraft for observing the high atmosphere; 4 000
ships, 1 200 drifting buoys and stationary platforms for ocean observation; five operational
near-polar-orbiting meteorological satellites; six operational geostationary environmental ob-
servation satellites; research and development satellites; two oceanographic (altimetry) sat-
ellites and others.

Vast data holdings: WMO Members and partners hold vast quantities of climate-relevant,
observed data, quality controlled and documented with metadata.

Standards: WMO Members set and uphold standards for the instrumentation, and observing
procedures, formats and data and quality, and the exchange of its information.

Technical authenticity: WMO, through its eight Technical Commissions and expert working
arrangements, provides the technical oversight on all data observation activities.

Operational functionality: the gathering, QA/QC, archiving, documenting and exchange of
data are systematic and routine, based on WMO regulations and requirements.

The GTS: WMO technology allows reliable and fast movement of large quantities of data.
Partnerships: WMO has well-established partnerships with satellite operators, airline com-
panies, ship operators and others required to support its comprehensive suite of observa-
tions.

Partnership with FAO, UNESCO-IOC, UNEP and ICSU in GCOS.

. International coordination: institutionalized practices and commitments for monitoring includ-

ing analysis, assessment, publication and informing on climate, particularly its anomalous
behaviours.

WMO current and future plans

1.
12.
13.
14.
15.
16.

17.

Facilitate the establishment of an international space architecture for monitoring climate
change.

Facilitate digitization and archiving of data and metadata. Develop and implement new tech-
nologies for observing and monitoring.

Reinforce adherence to standards through implementation of a Quality Management
Framework, and through the work of Technical Commissions and Expert Teams.

Make the WIS operational, with all relevant improvements to the GTS and data exchange.
Integrate weather/climate and hydrological networks and databases through WIGOS.
Promote, with all Members’ and partners’ observing programmes, a transition in standards
to those required for climate purposes.

Promote, within all member countries, a transition to policies on data sharing and use that
would support the requirements of an operational Framework.

WMO potential areas of further contribution

18.

19.
20.

Strengthen the observing capability of Members by optimizing the density and spatial distri-
bution of observing networks, ensuring modernization of instrumentation, observing systems
interoperability, data compatibility and increasing the range, timeliness and quality of obser-
vations.

Add new observing capability for parameters defined by users, to meet emerging science
requirements and service commitments.

Make mature research-based observing systems operational.
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3.6. PARTNERSHIPS IN OBSERVATIONS

48.

49.

50.

51.

52.

Extensive international collaboration in observation has been an important aspect of the WMO
philosophy and service, and will continue to be so under the Framework. FAO, UNESCO-IOC,
UNEP and ICSU have traditionally collaborated in climate observations and established the
GTOS, GOOS and GCOS mechanisms to coordinate these activities. In addition, for example,
WMO has a regular arrangement of ocean observations through voluntary observing ships.
However, such partnerships need to be strengthened and new partnerships with the private
sector operating in data-sparse regions forged. Individual voluntary observers can also fill vital
gaps in observations.

Observations supporting the Framework will involve increased communication and collabora-
tion with partners involved in the WMO Space Programme, including the Coordination Group
for Meteorological Satellites (CGMS) and the Committee on Earth Observations (CEOS). Ef-
forts are underway for coordinated creation of historical climate records from satellites and in-
ter-calibration through the Global Space-based Inter-calibration System (GSICS).

It is recognized that there is a need for a mechanism that allows the integration of observations
from multiple disciplines. WMO will continue its efforts to strengthen networks in its domains of
air, water, and climate, and to help ensure that they can be integrated with monitoring systems
across multiple disciplines, and would be ready to share the experiences and expertise it has
gained in monitoring the climate.

Partnerships in the collection and development of standards for environmental, biodiversity
data, and high-quality socio-economic data, are needed in order to make available complete
and related information to carry out climate change impact studies, risk assessments and de-
veloping adaptation options. Efforts would be needed to establish collaborative arrangements
with the groups developing such data sets — such as the United Nations Economic and Social
Council (UN ECOSOC), United Nations Economic and Social Commission for Asia and Pacific
(UNESCAP), United Nations Economic Commission for Africa (UNECA) and United Nations
Economic Commission for Latin America and the Caribbean (UNECLAC) — with mechanisms
for merging data for joint studies on impacts and vulnerabilities.

The Group on Earth Observations (GEQ) is in the process of developing the technical guide-
lines, sometimes called the Integrated Data Environment, or GEO-IDE, that would set the stan-
dards by which data observations from multidisciplinary sources could be interoperable. WMO
is closely working with GEO in these developments with the expectation that, through its com-
munity of practices GEO would support the efforts of WMO in further strengthening WIGOS,
WIS, and GCOS to provide the strong observation foundation for the Framework. GEOSS
should move to make the emerging data systems in other societal areas compatible to the
greatest extent possible with those of WMO.

3.7. RECOMMENDATIONS FOR CONSIDERATION BY THE TASK FORCE

53.

Key recommendations for consideration by the task force, to expand and ensure the complete-
ness, sustainability, quality, availability and relevance of the observations component of the
Framework include:

(a) Promote strengthening and sustainability of observation networks in order to monitor
climate variability and change, and to evaluate the effectiveness of the policies imple-
mented to mitigate change;

(b) Encourage national governments to invest in their observation networks in order to get
better climate information and products for climate change adaptations;

(c) Facilitate support for developing countries to strengthen and maintain their observing
networks and climate data management including data rescue efforts by engaging a
broader range of donor organizations including, for example, foundations interested in
climate change and development;
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(d) Explore and develop new and innovative partnerships needed to meet the observation
requirements;

(e) Promote the development of operational networks for environmental, social and eco-
nomic data relevant to various sectors of development, and the creation of relevant
databases and their integration with WIS;

(f) Promote greater coordination on climate observing issues at both national and re-
gional scales, to enable improvements in observing systems without large expendi-
tures;

(g) Promote and support making mature research-based observing systems operational;
and

(h) Promote and support making available archived data from satellites and ocean plat-
forms.
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4. Climate research, modelling and prediction

Climate research, including modelling and prediction aspects, is essentiall for the Framework to
meet its needs for improved methods and tools with which to characterize climate variability
and change and to generate quantitative climate predictions and climate projections, on a
range of time and space scales.

Very close collaboration will be essential between the climate research component of the
Framework and the operational components of the CSIS, to ensure that research achieve-
ments are translated into improved services. At the same time, by connecting with end users
the research component gains a better understanding of priorities for what needs to be pre-
dicted aqg with what level of skill and this will raise fundamental scientific questions to be ad-
dressed.

4.1. EVOLUTION OF COOPERATION IN CLIMATE RESEARCH

56.

57.

58.

59.

The climate research community has a rich history'? of rising to the challenges of understand-
ing and predicting climate, and its efforts have provided society with irrefutable evidence of the
reality of climate change and human contributions to it. Both basic research and operational
applied research feed into assessments and predictions that are required to be provided by
climate services (Figure 2.1).

Weather research and climate research are closely intertwined; progress in our understanding
of climate processes and their numerical representation is common to both. The models used
for weather and climate prediction are essentially based on the same physical principles and
formulations, though the way they are deployed is substantially different. The WMO World
Weather Research Programme (WWRP) promotes the development and application of im-
proved weather forecasting techniques, with emphasis on high-impact events. It also promotes
research activities in medium range, extended range and seasonal prediction, and closely col-
laborates with climate research communities on aspects of common interest, particularly on
seamless prediction.

It has been recognized13 that most WMO sponsored or co-sponsored programmes contribute
in a meaningful way to the development of prediction research stretching across weather, cli-
mate, water and air quality applications of today that has the potential to provide a full suite of
environmental predictions for tomorrow. While the breadth of environmental prediction extends
beyond the remit of WMO, it is the atmosphere that provides the fastest and most fundamental
linking mechanisms across the coupled physical-biological-chemical components of the Earth
system. As a result, WMO is in a unique position to play a lead role in initiatives that enhance
our understanding, and ability to predict or project future states, of the Earth system in service
to global society.

Recognizing the need to integrate observations, research facilities and scientific breakthroughs,
WMO and ICSU established the WCRP in 1979 — later joined by the UNESCO-IOC — as a ma-
jor component of the World Climate Programme (WCP) (Annex 10, 11). Its main objectives are
to determine the extent to which climate can be predicted, and determine the extent of human
influence on the climate system. These efforts are complemented by the World Climate Im-
pacts Assessment and Response Strategies Programme (WCIRP), another major component
of WCP targeted at assessing the impacts of climate variability with UNEP as the lead pro-
gramme.

" |ICSU-WMO-IOC-IGFA, 2009: Review of the World Climate Research Programme (WCRP). Paris, International
Council for Science. (Available at www.icsu.org)

'2'3. Arrenhuis (1859-1927) published a paper back in 1896 which estimated that a doubling of the concentration
of carbon dioxide in the atmosphere could lead to a 5 degree warming of the Earth’s surface.

3 World Meteorological Organization, 2009: Challenges and Opportunities in Research on Climate, Weather,
Water and Environment. Report of WMO Executive Council Research Task Team (EC-RTT) (WMO/TD No.
1496), Geneva.
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Box 4.1. Tropical Ocean and Global Atmosphere (TOGA)

The WCRP Tropical Ocean and Global Atmosphere (TOGA) programme was initiated in 1985 as a 10-year
effort by the WCRP to improve our understanding of the tropical ocean/atmosphere system and its effect on
the climate at higher latitudes. The four main objectives of TOGA were:

e To collect and catalogue observations of the tropical atmosphere and ocean

e To assess the evolution of the tropical atmosphere/ocean system in real-time

e To promote the development of computer models to allow short-term climate predictions for
the tropics

e To study the influence of the tropical atmosphere/ocean system on the climate at higher lati-
tudes

The contributions of the TOGA programme provide an excellent example, leaving as a legacy knowledge
and capability on practical prediction of El Nifio. Such predictions have advanced as a result of WCRP re-
search and form the basis for many applications in South America, Africa and Asia by NMHSs and by
ocean services agencies. The measurement techniques developed and demonstrated in TOGA have sub-
sequently been incorporated into operational arrays that now contribute to the GOOS.

60. The climate research and modelling community has organized long and large international ob-

61.

servational and modelling projects, in the manner of major field campaigns with active partici-
pation of NMHSs. The Tropical Ocean and Global Atmosphere (TOGA, see Box 4.1) pro-
gramme (1985-1994) established the physical basis for the understanding and prediction of El
Nifio Southern Oscillation (ENSO) that led to a major breakthrough in operational seasonal cli-
mate forecasting.

WCRP, through its core projects (Annex 11), has successfully laid the foundation for the cli-
mate services of the future. Its current research projects, particularly those pursuing the cou-
pled climate and Earth-system models, are poised to push the frontiers of climate prediction
further. It will facilitate predictions for use in practical applications of direct relevance, value,
and benefit to society.14 WCRP is launching an evaluation of techniques for use in regional
downscaling of global climate projections with the objective of producing improved high-
resolution climate information over regions worldwide for input into impact/adaptation work that
will help promote greater interaction and dialogue between modellers, information producers
and the users.

4.2. RESEARCH NEEDS

62.

63.

While climate science has advanced significantly during the past three decades, enabling cur-
rent capability to predict seasonal-to-interannual variability in Earth’s climate and project cli-
mate change on centennial timescales for major regions of the world, many scientific chal-
lenges remain.

Climate research has successfully developed policy-relevant future climate scenario projec-
tions for the twenty-first century that formed key component of the IPCC process. However, as
is generally known, political planning horizons seldom exceed 20-30 years. There is an in-
creasing need in society for information about the future state of the climate system in the near
term (Figure 4.1), extending from years to decades, to support crucial decision-making and the
development of practical applications such as estimates of future water availability and energy
requirements. The huge societal benefit of this research is associated with continuously in-
creasing capacity to predict and assess climate extremes, such as the occurrence of heat
waves, droughts, floods, storms and tropical cyclones, etc.

" World Meteorological Organization, 2005: WCRP Strategic Framework (2005-2015) (WMO/TD No. 1291), Ge-
neva.
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The new focus is therefore on the development of decadal prediction systems. Prediction of
decadal variations in climate, an area of concerted research, is still, however, in its infancy.15
WCRP targets the activities of its affiliated scientists on improving the skill of seasonal climate
predictions and discovering the predictability of the climate system on decadal timescales; the
challenging issues of prediction of monsoon variability; the interaction between changing at-
mospheric composition, pollution and climate change; and the interaction between climate and
the cryosphere. Assessment of the future changes in sea level requires accelerated develop-
ment of ice-sheet and ice-shelf models and reduction of uncertainties in the estimates of the
warming of the ocean.

There are many inherent uncertainties in our estimates of the past, present and future behav-
iour of the climate. These range from gaps in the basic observations of climate elements to an
inadequate understanding of climate processes and how extreme events manifest in regional
climates. They arise from the lack of observational data required for model inputs as well as the
limitations in the capacity of the global models to take into account the local physiographic fea-
tures. Large uncertainties in present climate information, predictions and projections make it
difficult for planners in various development sectors to use them confidently in their decision-
making processes and therefore, should be reduced to the extent possible. However, consider-
ing that some amount of uncertainty is an inevitable aspect of all climate information, scientific
approaches to quantify and communicate uncertainty should be developed so that it can be
appropriately integrated into the decision-making at the user level.

Climate experts at WCC-3 (Annex 5) have called upon the scientific community to further re-
duce model biases through better representation of physical processes in models, and achieve
their implementation at higher spatial resolution while improving the understanding of the
mechanisms that lead to the variability on the different timescales. They have also advocated
adopting a more seamless approach to climate prediction. Seamless prediction (on timescales
from a few hours to centuries) is still developing and it is important to extend the seamless ap-
proach, not just to timescales, but also across multiple disciplines relevant to climate processes.
This needs the development of advanced modelling systems that incorporate high-density,
high-quality climate observations from multiple platforms and state-of-the-art knowledge on
climate processes. Where appropriate, these climate predictions should be suitable for driving
application models (for example, hydrological models).

Reanalysis of atmospheric data has greatly improved our ability to analyze past climate vari-
ability and has greatly helped in making historical records more homogeneous and mutually
consistent, while also providing the best possible estimates of past climatic variations in areas
having gaps in observations. This effort is being actively extended to the ocean data sets, and
to Arctic and land surface data.

There is a clear recognition that the full understanding of the climate system requires a holistic
approach that accounts for all natural processes of the Earth system, and climate-relevant so-
cio-economic processes. To meet the expectations of the Framework, there is, therefore, a
need for an Earth-system approach to observations, monitoring, modelling, analysis and pre-
diction. In conducting Earth-system model studies, WMO (largely through WCRP and other-
wise) would have to develop stronger links with other research coordination mechanisms such
as the International Geosphere—Biosphere Programme (IGBP), the International Human Di-
mensions Programme (IHDP) on Global Environmental Change, etc.

INFRASTRUCTURE FOR COMPUTING AND PREDICTION

Progress in numerical weather prediction has been closely aligned with the development of
computing power over the last fifty years. Over the last decade, major advances have occurred
in understanding and predicting climate variability for time periods from a month, to a season,
to a year in advance (and sometimes even longer). The potential for climate prediction on

" WCC-3: WS 9 — Towards Prediction of Decadal Climate Variability and Change.
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70.

71.
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longer scales is tied to the availability of substantial supercomputer resources and a number of
facilities with adequate scientific staff and high-performance computational infrastructure.

Significant increases in the computing capacity available to the global and regional weather
and climate centres are called for in order to accelerate progress in improving predictions. The
World Modelling Summit for Climate Prediction in 2008 recommended computing systems
dedicated to climate at least a thousand times more powerful than those currently available. As
a part of the Framework, WCRP, with strong WMO support, would participate in a concerted in-
ternational effort for the development of integrated Earth-system models.16

Collaboration and research inputs into the Framework’s operational systems — for example,
global producing centres of long-range forecasts (GPCs), Regional Climate Centres (RCCs)
and other relevant centres — particularly from WCRP and the Climate Variability and Predict-
ability (CLIVAR) community, will be crucial to ensure that the latest research advances are op-
timally exploited for societal benefit. This can be addressed more effectively through appropri-
ate linkages between WCRP and WMO Technical Commissions (for example, CCIl, CBS) that
guide the operational systems. Some efforts in this direction have already been made but they
should be strengthened and sustained as an ongoing process.

4.4. HUMAN RESOURCES REQUIREMENTS

72.

73.

74.

Development of highly-skilled human scientific talent via education, training and capacity build-
ing, especially through fostering young scientists and strengthening regional and national infra-
structure for climate research, particularly in the developing regions of the world, is critically
needed. Developed countries could significantly help developing countries participate fully in in-
ternational research, modelling and prediction, through fellowships, institution building and col-
laborative research projects.

WCRP would also focus on supporting capacity building among scientists, because response
to climate variations and change requires the capability to appreciate and properly interpret re-
search findings and to apply them to national planning initiatives. WCRP, IGBP and IHDP col-
laborate in the System for Analysis, Research and Training (START) programme, which en-
gages scientists in developing nations and regions. These efforts would need to be extended
and strengthened through partnerships with universities.

WMO infrastructure, its mandates and human capacity for the generation, distribution and veri-
fication of dynamical and empirical seasonal forecasts exist, and dynamical seasonal prediction
systems are operational or quasi-operational at a number of forecasting centres around the
world. But it is widely agreed that more researchers need to be working on the existing forecast
systems to exploit the predictability potential available in the climate system; on the enormous
challenge of understanding the Earth as a complex, nonlinear interactive system; and on as-
sessing the impacts of anthropogenic climate change on coupled human and natural systems.
To address these needs will take an unprecedented multinational effort, with massive
supercomputing, infrastructural and human resource deployment, in order to produce compre-
hensive high-resolution climate information for the entire planet and reduce uncertainties in the
present climate information and products.

4.5. PARTNERS IN RESEARCH

75.

To bring research advances into operation within the GPCs and other centres providing global
climate predictions, RCCs and other regional institutions (such as CIIFEN, ACMAD and
ICPAC), and NMHSs, their sustained linkages with the research community, including universi-
ties and research institutions should be ensured. WCRP core projects are supported by sev-
eral country partners in the form of hosting their International Project Offices (IPOs; see Annex

8. Shukla, 2009: Revolution in Climate Prediction is Both Necessary and Possible, Declaration at the Wold
Modelling summit for Climate Prediction, February 2009,
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11). Such partnerships facilitate broad-based support for WCRP activities, and promote net-
working of research communities. This needs to be further expanded to enhance linkages be-
tween research and operational groups at the national level, particularly in developing countries.
Box 4.2 outlines the WMO contribution to climate research and development.

76. In conducting Earth-system model studies, WMO, ICSU and UNESCO-IOC would have to de-
velop stronger links with each other and strengthen research coordination with Earth System
Science Partnership (ESSP) and programmes included in it such as IGBP, and IHDP. Existing
partnerships between the climate research groups among academic communities, government
entities and international research institutions need to be strengthened and new ones forged
where required.

4.6. RECOMMENDATIONS FOR CONSIDERATION BY THE TASK FORCE

77. Climate research, particularly on modelling and prediction aspects, constitutes a critical pillar of
the Framework and builds the tools that can be used to generate, interpret and package sci-
ence-based climate information and prediction products within the CSIS. In order for this pillar
to be strengthened and contribute to the Framework more effectively, the following are some
key recommendations for consideration by the task force:

(a) Climate modelling and prediction research needs to be taken up through an unprece-
dented multinational and unified multidisciplinary effort, with massive supercomputing,
infrastructural and human resource deployment;

(b) Greater emphasis needs to be placed on the development of decadal prediction sys-
tems to support decision-making in near-term planning;

(c) Coordinated international efforts are required to produce actionable climate informa-
tion on finer time and space scales;

(d) Greater efforts are needed to minimize uncertainties in climate information and at the
same time sect oral research communities should develop tools to factor these uncer-
tainties in to their decision-making processes;

(e) An Earth-system approach to observations, monitoring, modelling, analysis and pre-
diction is essential in climate research, to accelerate the progress in our understanding
and prediction skills;

(f) International partnerships between institutions around the world including those in de-
veloping countries should be developed and strengthened where they already exist;

(9) Closer linkages should be developed between research, operations and users;

(h) Development of highly skilled human scientific talent as well as strengthened infra-
structure for climate research, particularly in the developing regions of the world, is
critically needed;

(i) A sustainable mechanism should be established to facilitate the support of the devel-
oped countries to developing countries to participate fully in international climate mod-
elling and prediction research;

() A clear and implementable transition path for research and development outputs into
operational systems must be part of the end-to-end research and development proc-
ess.
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Box 4.2. WMO contribution to the research component of the Framework
WMO current strengths (2009-2010)

1. WMO in partnership with UNESCO-IOC and ICSU is the co-sponsor of the WCRP.

. WCRP and the WMO Technical Commission for Atmospheric Sciences (CAS) constitute
an effective mechanism guiding the development of climate models.
WCRP and CAS are the leaders in coordinating research on weather, climate and envi-
ronmental prediction and create a basis for the development of a seamless prediction
system.
The WCRP WGCM leads the development of coupled ocean/atmosphere/land models
used for climate studies on longer timescales.
WCRP/CLIVAR works with CCl and JCOMM on Climate Change Detection and Indices
(CCDl).
WCRP stimulates model-based reanalysis of atmosphere and ocean data and promotes
their applications worldwide.
WCRP has a Strategic Plan that includes scheduled activities to fit the IPCC cycle, the
WMO/UNEP Scientific Assessments of Stratospheric Ozone Depletion and several other
climate-relevant assessments.
WCRP addresses the complexity of the climate research and prediction through joint
work with numerous partners, including the ESSP.
9. WCRP undertakes a multitude of research observations that serve as prototypes for fu-

ture observing systems.

w
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WMO contributions and future plans

10. Continue to co-sponsor the WCRP.

11. Develop a mechanism for interaction between the research components of RCCs and
other regional climate centres, and WCRP, especially its regional panels and monsoon
initiatives.

12. Foster links between NMHSs and WCRP, especially for regional and national projects.

WMO potential areas of further contribution

13. In partnership with WCRP expand the RCOF process to other regions, including the Po-
lar Regions.

14. Strengthen mechanisms of collaboration between WCP and WCRP (including CBS and
CAS as appropriate) to enable efficient transfer of research advances into operations,
and to facilitate the flow of user requirements to the research community.
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5. Climate services information system

Given that climate processes are global in character and evolve over a wide range of time and
space scales, the flow of information from global to local scales is essential and must be facili-
tated. For an effective delivery of climate information, it is essential to put in place appropriate
institutional mechanisms to generate, exchange and disseminate information at global, regional
and national levels on an operational basis.

The climate services information system (CSIS) is the component of the Framework that is de-
signed to provide users with the climate information they need for the decisions they have to
make. The CSIS should involve physical infrastructure such as institutes, centres and comput-
ers; professional human resources for product development and consultation; and interactions
with the users. A substantial part of what should be the fully operational CSIS already exists.
For example, the WMO Information System will play an important role in the information proc-
ess of the CSIS. This foundation is strongly supported by WMO and its partners, and by the
WMO systems of technical commissions and regional associations.

EVOLUTION OF CLIMATE SERVICES

It has taken many years of research, investment, coordination, collaboration and effort to de-
velop the present capability to provide weather services through the active involvement of
189 NMHSs. Over time, knowledge about the weather has improved and the use of weather
forecasts is routine. People have developed an appreciation for weather information, and look
for, and find, products readily available around the world through a wide range of media. Cli-
mate services are therefore naturally and strongly rooted in the existing capabilities for the pro-
vision of weather services.

Progress in the evolution of climate services was given a systematic direction in 1979 with the
establishment of the WCP (Annex 10) as an integrating framework for WCDMP, WCRP, the
World Climate Applications and Services Programme (WCASP) and the World Climate Impact
Assessment and Response Strategies Programme. The launch of the Climate Information and
Prediction Services (CLIPS) project (Annex 10) in 1995 was a turning point in laying the foun-
dation for modern climate services. The present contribution of WMO to the CSIS component
of the Framework along with its future plans and further potential is provided in Box 5.1.

Through the CLIPS project, the capacity of the NMSs for weather services was enhanced to
enable them to take advantage of the advances in climate science, computing and communica-
tion technologies. Through its activities in operational seasonal climate predictions, Regional
and National Climate Outlook Forums (RCOFs and NCOFs) and consensus-based products,
NMSs have developed their capacities to provide:

e Operational climate predictions for periods and regions that are feasible, particularly on
seasonal to interannual scales
User-oriented applications and products
Consensus-based climate outlook products
An active interface between their operational specialists and research communities

5.2. THE CHALLENGE FOR THE CSIS IMPLEMENTATION

83.

From global to local levels, public and private sector institutions are seeking the tools and
knowledge for adaptation and climate risk management. People are demanding climate infor-
mation over differing time and space scales for planning and operational purposes. It is impera-
tive therefore to ensure that they have the highest quality and widest possible range of prod-
ucts, information on inherent uncertainties, and advice on how the information can be used for
optimal results.





