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surfaces, and between the upper and deep layers
of the ocean. The treatment of sea-ice and
convection in the models is also crude.
Nevertheless, for reasons given in the box
below, we have substantial confidence that
models can predict at least the broad-scale
features of climate change.

Furthermore, we must recognise that our
impcrfect understanding of climate processes
(and corresponding ability to model them) could
make us vulnerable to surprises; just as the
human-made ozone hole over Antarctica was
entirely unpredicted. In particular, the ocean
circulation, changes in which are thought to have
led to periods of comparatively rapid climate
change at 'the end of the last ice age, is not well
observed, understood or modelled

Will the climate of the
future :be very different?

When considering future climate change, it is
clearly essential to look at the record of climate
variation in the past. From it we can learn about
the range of natural climate variability, to see
how it compares with what we expect in the
future, and also look for evidence of recent
climate change due to man's activities.

Climate varies naturally on all time scales from
hundreds of millions of years down to the year to
year. Prominent in the Earth's history have been
the 100,000 year glacial-interglacial cycles when
climate was mostly cooler than at present.
Global surface temperatures have typically varied
by 5-7'C through these cycles, with large
changes in ice volume and sea level, and
temperature changes as great as 10-15'C in some

Confidence in predictions from climate models

What confidence can we have that climate chaiige due to increasing greenhouse gases will look anything like
the model predictions? Weather forecasts can be compared with the acu-l weather the next day and their skill
assessed: we cannot do that with climate predictions. However, these are several indicators that give us some
confidence in the predictions from climate models.

When the latest atmospheric models are run with the present annospheric concentrations of greenhouse gases
and observed boundary conditions their simulation of present climate is generally realistic on large scales,
capturing the major feattucs such as the wet tropical convergence zones and mid-latitude depression belts, as
well as the contrasts between summer and winter circulations. The models also simulate the observed
variability; for example, the large day-to-day pressure variations in the middle latitude depression belts and
the maxima in interannual variability responsible for the very different character of one winter from another
both being represented. However, on regional scales (2,000km or less), there are significant errots in
all models.

Overall confidence is increased by atmospheric models' generally satisfacaory portrayal of aspects of
variability of the atmosphere, for instance those associated with variations in sea surface temperature. There
has been some success in simulating the general circulation of the ocean, including the patterns (though not
always the intensities) of the principal cutrents. and the distributions of tracers added to thé ocean.

Atmospheric models have been coupled with simple models of the ocean to predict the equilibrium response
to greenhouse gases, unJer the assumption that the model errors are the same in a changed climate. The
ability of such models to simulate important aspects of the climate of the last ice age generates confidence
in their usefulness. Atmospheric models have also been coupled with multilayer ocean models (to give
coupled ocean-atmosphere GCMs) which predict the gradual response to increasing greenhouse gases.
Although the models so far are of relatively coarse resolution, the large scale structures of the ocean and the
atmosphere can be simulated with some skill. However, the coupling of ocean and aunosphere models
reveals a strong sensitivity to small scale errors which leads to a drift away from the observed climate. As
yet, these errors must be removed by adjustments to the exchange of heat between ocean and atmosphere.
There are similarities between results from the coupled models using simple representations of the ocean and
those using more sophisticated descriptions, and our understanding of such differences as do occur gives us
some confidence in the results.
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