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Results of numerous diagnostic subprojects of the WCRP’s Coupled Model Inter-
comparison experiment, phase 3 (CMIP3) has allowed IPCC (2007) to evaluate ad-
vances in developing coupled global atmosphere-ocean general circulation models
(AOGCM). The advances include higher resolutions, improved numerical schemes
and parameterizations; decreased necessity in flux adjustments; and better simulations
of some aspects of current climate and specific modes of variability. In particular,
relative to the previous generation of AOGCMs, a major advance is that almost all
AOGCMs now have more or less comprehensive sea-ice dynamics components. Al-
though sea ice treatment in AOGCMs has become more sophisticated, improvement
in simulating sea ice in these models, as a group, is not obvious. It is difficult to isolate
causes of model biases, which might arise both from deficiencies in the representation
of sea ice itself and biases in simulation of the atmospheric and oceanic fields in high
latitudes, which drive ice movement.

A robust feature of climate models since early simulations of the climate system re-
sponse to increases in atmospheric concentrations of greenhouse gases has been a
poleward retreat of sea ice and the ‘polar amplification’ of increase of air temperature
in the lower troposphere, which is particularly strong in the Arctic. In a few CMIP3
projections, perennial arctic sea ice disappears by the end of the 21st century. The
polar amplification is usually attributed to positive feedbacks in the climate system,
the cryosphere being of prime importance. While evaluating cryospheric feedbacks in
recent years has been marked by a certain progress, substantial uncertainty remains
as to their magnitudes, and their representation in AOGCMs. This is one factor con-
tributing to a spread of modelled climate responses in high latitudes. Understanding



and evaluating sea-ice feedbacks is complicated by their strong coupling to processes
in the high-latitude atmosphere and ocean, particularly to polar cloud processes and
ocean heat and freshwater transport. Scarcity of observations in polar regions (e.g. of
sea ice thickness) also hampers evaluation.

While the projected changes are relatively large in the Arctic, so are the interannual
variabilities. Improved computational strategies, e.g. larger ensembles of simulations,
and multi-model ensembles have started to play an increasingly important role in ad-
dressing unforced variability, as well as in understanding processes responsible for the
range of model results. Having the large inter-model differences in sensitivity to ex-
ternal forcing, a quantitative likelihood weighting of different models in multi-model
ensembles should improve credibility of the climate projections. However, defining a
robust ‘model metric’ remains a challenge facing the climate modelling community.
Further progress in developing observational tests aimed at constraining climate sen-
sitivity is hampered by the scarcity of observational data in the polar regions, sea ice
thickness being a particular problem.
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