STEPS TO DELIVER RELEVANT RESEARCH OUTCOMES
Implement the climate observing system
Monitor climate changes

How is climate changing and what is driving the change?
How to deliver more useful projections of future climate?
How to provide better support for management of climate-related risks?

CLIMATE CHANGE – RESEARCH PRIORITIES

Attribute changes to causes
Reconcile country carbon reporting with observations
Build multi-national climate computing facilities
Quantify and understand climate forcings
Improve models to reduce uncertainty of climate projections
Rationalise assessment scenarios
Understand and characterize climate thresholds
Project changes in extreme climate events
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Significant progress in the understanding and projection of climate
change has been made over the last decade. However, large uncertainties
remain, particularly in the determination of the rate of climate change,
impacts on regional scales where society and environment are most vulnerable and occurrence of extremes. Reduction of these uncertainties
requires the filling of significant gaps in observational programmes and
understanding, and improved models for projection of climate change,
both globally and regionally. This information is critical to enable individual
nations to plan for and adapt effectively to climate and global change.

How to deliver more useful projections of future climate?

DIALOGUE ON SPECIFICATION
OF NEW AND STANDARD
EMISSION SCENARIOS

MULTI-NATIONAL PLAN FOR PROVIDING REGIONAL

How is climate changing and what is driving the change?

PROJECTIONS OF CLIMATE CHANGE
IMPROVE CLIMATE MODELS

BETTER OBSERVATIONS OF THE CLIMATE SYSTEM
Full implementation of the Global Climate Observing System (GCOS) is an essential step for knowing how
climate is changing and for improving future projections.
There is an urgent need to build a more comprehensive information system to exploit the observations, their
analyses, their use for initializing models and resulting products. These operational observations need to be
of climate quality and to be supported by research observations to understand key climate processes.
For climate benefits, special attention must be paid to:
• Implementing the in situ atmosphere, ocean, terrestrial and cryosphere observing systems,
• Ensuring spatial homogeneity and temporal continuity of climate quality data from the satellite observing
systems through overlap of missions,
• The successful transition to operations of climate-relevant research satellite missions,
• Global re-processing and reanalysis of climate system data sets to allow for full exploitation of past observations,
• Increasing high frequency observations, such as hourly precipitation amounts, and past data availability
from all countries to improve monitoring of extremes, and

The most important focus to reduce uncertainty in climate change projections remains model improvement. This work is challenging and is increasingly more difficult to fund. There needs to be a balance between continuing this fundamental but critical research and the incorporation of new
elements in climate models.
Ensembles of models and observations indicate that even the range of global
mean temperature sensitivity is uncertain by a factor of two or more and
that the uncertainty is greater at regional scales. Research is needed to
determine which processes in model formulations are most important in
determining climate sensitivity. The response of the carbon cycle to climate
change as well as the treatment of sea-ice, land-surface processes, clouds
and oceans in climate models require major improvements.

Limited resources mean that it is essential
that research efforts be focussed. This
includes limiting the number of greenhouse
gas scenarios used in climate change projections, and continuity of a limited set of
scenarios between IPCC Assessments

PLUGGING THE GAPS: STEPS TO DELIVER RELEVANT
RESEARCH OUTCOMES
The 56 countries and 43 international organizations (including satellite operating agencies, the WCRP
sponsors, WMO, IOC and ICSU, and the WCRP itself) participating in GEOSS commit to actions to implement
a climate-quality observing system.
• Monitor changes to the climate system and attribute observed changes to causes to enable
improved projections of future climate at global and regional scales.

Detailed multi-national plans for providing regional projections
(with reliable confidence limits) of climate change at the scale
necessary for local risk analysis and for adaptation purposes are
urgently required.

• Country reporting of sources and sinks is reconciled with observed carbon cycle changes
through coupled models and observations.

The availability in a few years’ time of dedicated petaflop computers, a thousand times faster than today’s, will be a key
development for improving climate change projections.
However, for many in the climate community, such computing
will be beyond what will be nationally available. There is a need
to plan for funding and implementation of multi-national
petascale computing facilities dedicated to the climate change
challenge.

• Quantification and modelling of radiative forcing of the climate.

• Parties to the UNFCCC create multi-national climate computing facilities including petaflop
computers and appropriate human resources to facilitate regional projections.
• Continued investment to reduce uncertainty in climate change projections through understanding climate system feedbacks and sensitivity resulting in model improvements.
• Agreement on a limited number of greenhouse gas scenarios for use in climate change projections, and continuity of a limited set of scenarios between IPCC Assessments.
• Better understanding of climate thresholds or ‘tipping points’ and changes that feed back
to modify climate and hence establish levels of what might constitute dangerous interference with the climate system.

Collaboration of operational agencies and the global change
research programs will be essential.

• Improve understanding and thus projection of changes in the frequency and intensity
of extreme climate events.

• Ensuring free and open access to data.
The Global Earth Observation System of Systems (GEOSS) framework includes the development of GCOS as a
key component system of the “system of systems”, serving the needs of society.

THE WMO, ICSU, IOC SPONSORED
WORLD CLIMATE RESEARCH PROGRAMME (WCRP)

How to provide better support for management of climate-related risks?
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GASES AND AEROSOLS, AND THEIR
ROLES IN FORCING CLIMATE CHANGE
Our current knowledge of the agents driving climate change remains best for the long-lived greenhouse gases such as carbon dioxide and methane.
Short-lived species, such as tropospheric and
stratospheric ozone, and the effects of tropospheric
aerosols, are less well understood but are of critical
importance, especially in terms of their strong
regional forcing features. A key aspect for advancement is the understanding of the physical and
chemical processes controlling the global distributions of the species, and how these may evolve in
the future. In particular, the interactions involving
aerosols and clouds and their effects upon radiative
forcing & the hydrologic cycle, which constitute the
largest uncertainty, require a careful quantification.

The role of land-cover and land-use change, including issues beyond purely radiative effects, must
be addressed. The effects due to aircraft contrails
and associated cirrus cloudiness requires additional attention. Solar variations have been well
observed over the past three decades, but variations and changes further back in time are not
well enough known. Sustained observations of
stratospheric aerosols from explosive volcanic
eruptions need to be exploited to determine the
magnitude and duration of these large but transitory climate perturbations, thus providing one
testbed for verifying the sensitivity of climate
models.

REGIONAL CLIMATE ON MULTIPLE TIMESCALES
IDENTIFY “DANGEROUS” ANTHROPOGENIC INTERFERENCE
WITH THE CLIMATE SYSTEM

SUPPORT TO IMPLEMENTATION OF THE UNFCCC
It is vital to not only establish the accuracy of the past forcings
of the climate system but to monitor them and make projections into the future. This is the first step in linking the forcings to the observations of the climate state and thus attributing the observed changes to causes. The latter includes the
anthropogenic component but also all other effects, including
natural changes in solar radiation, volcanic effects, and issues
such as memory from the ocean or ice sheets.
Research is needed on how to verify emission reductions and
to evaluate the impact of emission changes on climate projections including how changes in composition of the atmosphere relate to national reporting.

Through the Earth System Science Partnership, a joint initiative of the International Geosphere
Biosphere Programme (IGBP), the International Human Dimensions Programme (IHDP),
Diversitas (a biodiversity research programme) and the World Climate Research Programme
(WCRP), there is a growing engagement to ensure that climate research results are connected to
mitigation and impacts activities across a wide range of sectors of societal interest, including
water, food and health.
The cryosphere and rising sea level, with ongoing implications for coastal and island societies
and the potential for environmental refugees, are strongly influenced by changes in climate and
are early indicators of human-induced climate changes. The disintegration of the Greenland and
West Antarctic Ice Sheets, the stability of the ocean overturning (thermohaline) circulation, the
occurrence of persistent droughts, precipitation extremes and other aspects of the climate system that might be “dangerous” must be researched to underpin the Intergovernmental Panel on
Climate Change (IPCC) assessments of key vulnerabilities and contribute ultimately to policy
decisions on what, in terms of Article 2 of the Framework Convention on Climate Change, might
constitute “dangerous anthropogenic interference with the climate system”.

Researchers will need to work closely with national operational agencies and intergovernmental organisations such as
WMO and IOC that provide the international framework for
the provision of climate services. Such research will be most
effective when carried out in the context of integrated, multidisciplinary assessments that are place-based and focused on
the information needs of stakeholders and decision-makers.
Decisions-makers will need refined projections of changes in
temperatures and precipitation, sea-level rise, coastal flooding, frequencies and intensities of climate extremes and
changes in climate variability patterns for a range of plausible future emissions scenarios. To increase their usefulness,
these projections need to be accompanied by estimates of
the probabilities of such changes. Information on vulnerability, adaptation options and processes, risk communication, and decision support methods and tools are needed to
complement the climate science research if the results are to
be useful for managing climate risks.

Together, the World Meteorological Organization (WMO), the Intergovernmental Oceanographic
Commission (IOC) and the non-governmental International Council for Science (ICSU) sponsor the World
Climate Research Programme (WCRP). The WCRP is thus uniquely positioned to draw on the total international climate-related systems and facilities and the scientific communities of more than 185 countries
whose observing systems, data, research facilities and intellectual capabilities are essential to progress in
the inherently global task of advancing understanding of the processes that will determine our future
climate.
The two major objectives of the WCRP are:
• to determine the predictability of climate; and
• to determine the effect of human activities on climate.
These two objectives underpin and directly address the needs of the UN Framework Convention on Climate
Change.
WCRP scientists and projects contribute significantly to the collection and assembly of climate observations,
model development and understanding of the climate system necessary for the detection and attribution of
past climate change, and the provision of climate information, including projections of future change,
which are assessed by the Intergovernmental Panel on Climate Change (IPCC) Working Group (WG) I, and
provide much of the scientific input to the impacts, adaptation and mitigation research assessed by WG II
and WG III.
To meet the scientific challenges associated with climate change, nations will need to increase their support
for the research described here and exemplified by the World Climate Research Programme.

