What should be done to
reduce uncertainties, and
how long will this take?

Although we can say that some climate change is
unavoidable, much uncertainty exists in the
prediction of global climate properties such as the
temperature and rainfall. Even greater uncertainty
exists in predictions of regional climate change,
and the subsequent consequences for sea level

and ecosystems. The key areas of scientific

uncertainty are:

* clouds: primarily cloud formation,
dissipation, and radiative properties, which

influence the response of the atmosphere to

greenhouse forcing;

* oceans: the exchange of energy between
the ocean and the atmosphere, between the
upper layers of the ocean and the deep
ocean, and within the ocean, all of
which control the rate of global climate
change and the patterns of regional change;

* greenhouse gases: quantification of the
uptake and release of the greenhouse gases,
their chemical reactions in the atmosphere,
and how these may be influenced by
climate change.

¢ polar ice sheets:
predictions of sea level rise

Studies of land surface hydrology, and of impact
on ccosystems, are also important.

To reduce the current scientific uncertainties in
each of these areas will require internationally
coordinated research, the goal of which is to
improve our capability to observe, model and
understand the global climate system. Such a
program of research will reduce the scientific
uncertainties and assist in the formulation of
sound national and international response
strategies.

which affect

Systematic long-term observations of the
System are of vital importance for understanding
the natural variability of the Earth's climate
system, detecting whether man's activities are
changing it, parametrising key processes for
models, and verifying model simulations.
Increased accuracy and coverage in many
observations are required. Associated with
expanded observations is the need to develop

appropriate comprehensive global information °
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bases for the rapid and efficient dissemination
and utilization of data. The main observational
requirements are:

i) the maintenance and improvement of
observations (such as those from satellites)
provided by the World Weather Warch
Programme of WMO

ii) the maintenance and enhancement of a

- programme of monitoring, both from
satellite-based and surface-based
instruments, of key climate elements for
which accurate observations on a
continuous basis are required, such as the
distribution of important atmospheric
constituents, clouds, the earth's radiation
budget, precipitation, winds, sea surface
temperatures and terrestrial ccosystem
extent, type and productivity.

iii) the establishment of a global ocean
observing system to measure changes in
such variables as ocean surface
topography, circulation, transport of heat
and chemicals, and sea-ice extent and
thickness.

iv) the development of major new systems to
obtain data on the oceans, atmosphere and
terrestrial ecosystems using both satellite-
based instruments and instruments based

. on the surface, on automated instrumented
vehicles in the ocean, on floating and deep
sea buoys, and on aircraft and bailoons,

v) the use of paleoclimatological and historical

- instrumental records to document natural
variability and changes in the climate
system, and subsequent environmental
response.

The modelling of climate change requires the
development of global models which couple
together atmosphere, land, ocean and ice models
and which incorporate more realistic formulations
of the relevant processes and the interactions
between the different components. Processes in
the biosphere (both on land and in the ocean) also
need to be included. Higher spatial resolution
than is currently generally used is required if
regional patterns are to be predicted. These
models will require the largest computers which
are planned to be available during the next
decades. ’ -

Understanding of the climate system will be
developed from analyses of observations and of
the results from model simulations. In additon,



