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Projections of climate change in response to increases in greenhouse gas and
aerosol concentrations in the atmosphere have a wide range of uncertainty.
Major reasons for this are differences in the sensitivities of atmosphere-ocean
general circulation models (AOGCMs) to external radiative forcing and in
AOGCMs’ rates of heat uptake by the deep ocean; and uncertainty in the
strength of aerosol forcing. We calculate constraints on these factors by com-
paring radiosonde-based observations of temperature trends in the free tropo-
sphere and lower stratosphere during the period 1961–95 with corresponding
simulations with a 2D zonal-mean statistical dynamical climate model in which
the sensitivity and deep-ocean heat uptake, as well as the aerosol forcing, can be
varied. The comparisons are based on optimal fingerprinting techniques, with
the estimates of natural variability being taken from a long control run of the
HadCM2 AOGCM. These comparisons allow us to make objective estimates of
the joint uncertainties in the parameters varied. For example, if one accepts the
aerosol forcing and rate of deep-ocean heat uptake assumed by the IPCC in its
1995 projections, then there is about a 20% chance that the climate sensitivity
lies outside the 1.5–4.5-degree range adopted by the IPCC.


