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The reality of present climate change (CC) has been accepted. Thanks to the
sustained, comprehensive and objective assessments by the Intergovernmental Panel
on Climate Change (IPCC), a consensus, with a high degree of confidence, has
emerged in the scientific community that human activities are the essential factor
contributing to CC. The numerical experimentation with climate models during the past
40 years has played a crucial role in creating this scientific consensus, and in its
acceptance by the world.

The climate modelling community is therefore faced with a major new challenge:
is the current generation of climate models adequate to provide societies with accurate
and reliable predictions of regional climate change, including the statistics of extreme
events and high impact weather, which are required for global and local adaptation
strategies?

A major conclusion is that regional projections from the current generation of
climate models were sufficiently uncertain to compromise this goal of providing society
with reliable predictions of regional climate change. This is necessary because
adaptation strategies require more accurate and reliable predictions of regional
weather, air quality and climate extreme events than are possible with the current
generation of climate models. It is possible firstly because of major advances in
scientific understanding, secondly because of the development of seamless prediction
systems which unify weather, air quality and climate prediction, thus bringing the
insights and constraints of weather and air quality prediction into the climate change
arena, and thirdly because of the ever-expanding power of computers.

Climate models are also useful tools for analyzing observations in a consistent
physical framework. Analysis and prediction from past observations helps in
interpreting the observed historical changes in the climate system and develop
confidence in projections of future change.

The following important scientific and organizational questions will be examined:

Current generation climate models have serious limitations in simulating
regional features, for example, rainfall, mid-latitude storms, organized tropical
convection, ocean mixing, and ecosystem dynamics. What is the scientific strategy to
improve the fidelity of climate models?

Is the low resolution of current climate models due to limitations of scientific
understanding or lack of powerful computers and scientific staff?

Several current operational Numerical Weather Prediction (NWP) centres are
using global models with resolutions of 25-50 km. During the next years, it is expected
that several global NWP models will have spatial resolution of about 10 km. Should the
next IPCC assessment include at least a few climate models at about 10 km resolution
for oceans and atmosphere?

What is the strategy to ensure enhanced and sustained modelling efforts and
computing power at the existing modelling centres of the world? Or, is the scale of the
challenge so large that in addition to the current national efforts, a far more
comprehensive and internationally coordinated approach is needed?

A large body of evidence based on modelling experiments suggests that as
models improve their parameterizations and increase their spatial resolution, the
model’s ability to simulate the current climate as well as the model’s skill in predicting
daily and seasonal fluctuations improves. What is the likelihood that if the spatial



resolution of climate models is sufficiently increased so that deep convective cloud
systems, ocean overflows and mesoscale eddies, and heterogeneous land surface
processes can be explicitly resolved, and therefore, do not need to be parameterized,
the fidelity of climate models in simulating the current climate will improve?

Will a major enhancement in computing power and dedicated scientific staff to
develop data assimilation systems for very high resolution models enhance the value of
space observations that are being made at a significant cost?

It is well recognized that if the global models, from which lateral boundary
conditions for regional models are prescribed, do not have reliable simulation of
planetary waves and the statistics of tropical and extratropical storms, blocking and
other regional phenomena, the use of high resolution regional models to downscale
regional climate change is questionable. Is there a less questionable alternative? Is
time-slice experiments using very high resolution (as high as regional models) global
atmospheric models with surface boundary conditions from global change experiments,
less questionable than regional downscaling? How important is coupling with the ocean
and land at time and space scales commensurate with those of the atmosphere
model? Are there more effective techniques available, perhaps in other disciplines,
which could be employed to resolve the relevant features of the climate system?

How accurate must simulations of the physical climate system are to justify the
extension of climate models to include additional complexity due to chemical and
biological processes? What time and space scales of coupling are fundamental to the
system? What are the appropriate metrics to evaluate climate models?

What are the current trends in computing? What is the best strategy to foster
collaboration and interaction among the weather and modelling community,
computational fluid dynamics community and computer (and chip) manufacturers to
achieve a million fold increase in the effective computing power for climate and weather
modelling and prediction?
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