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What tools do we use to predict future climate, and how do we use them?

The most highly developed tool which we have to predict future climate is known as a general circulation
model or GCM. These models are based on the laws of physics and use descriptions in simplified physical
terms (called parameterisations) of the smaller-scale processes such as those due to clouds and deep mixing in
the ocean. In aclimate model an atmospheric component, essentially the same as a weather prediction model,
is coupled to a model of the ocean, which can be equally complex.

Climate forecasts are derived in a different way from weather forecasts. A weather prediction model givesa
description of the atmosphere's state up to 10 days or so ahead, starting from a detailed descripticn of an
initial state of the atmosphere at a given time. Such forecasts describe the movement and development of
large weather systems, though they cannot represent very smail scale phenomena; for example, individual
shower clouds.

To make a climate forecast, the climate model is first run for a few (simulated) decades. The statistics of the
model’s output is a description of the model's simulated climate which, if the model is a good one, will bear
aclose resemblance to the climate of the real atmosphere and ocean. The above exercise is then repeated with
increasing concentrations of the greenhouse gases in the model. The differences between the statistics of the
two simulations (for example in mean temperature and interannual variability) provide an estimate of the
accompanying climate change. :

The long term change in surface air temperature following a doubling of carbon dioxide (referred 10 as
the climate sensitivity) is generally used as a benchmark to compare models. The range of results from
model studies is 1.9 to 5.2°C. Most results are close to 4.0°C but recent studies using a more detailed but
not necessarily more accurate representation of cloud processes give results in the lower half of this range.
Hence the models results do not justify altering the previously accepted range of 1.5 10 4.5°C.

Although scientists are reluctant to give a single best estimate in this range, it is necessary for the
presentation of climate predictions for a choice of best estimate to be made. Taking into account the model
results, together with observational evidence over the last century which is suggestive of the climate
sensitivity being in the lower half of the range, (see section: "Has man already begun to change global
climate?”) a value of climate sensitivity of 2.5°C has been chosen as the best estimate. Further details are
given in Section 5 of the report. -

In this Assessment, we have also used much simpler models, which simulate the behaviour of GCMs, 10
make predictions of the evolution with time of global temperature from a number of emission scenarios.
These so-called box-diffusion models contain highly simplified physics but give similar results to GCMs
when globally averaged.

A completely different, and potentially useful, way of predicting patterns of future climate is to search for
periods in the past when the global mean temperatures were similar to those we expect in future, and then
use the past spatial patterns as analogues of those which will arise in the future. For a good analogue, it
is also necessary for the forcing factors (for example, greenhouse gases, orbital variations) and other
conditions (for example, ice cover, topography, etc.) to be similar; direct comparisons with climate
situations for which these conditions do not apply cannot be easily interpreted. Analogues of future
greenhouse-gas-changed climates have not been found.

We cannot therefore advocate the use of palaco-climates as predictions of regional climate change due fo
future increases in greenhouse gases. However, palaeo-climatological information can provide useful
insights into climate processes, and can assist in the validation of climate models.
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