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Communicating uncertainty in climate projections provides essential information to decision
makers, allowing them to evaluate how policies might reduce the risk of climate impacts. In
ongoing work, we use quantitative uncertainty techniques to develop this information. As an
illustration of the approach we find that, absent mitigation policies, our median projection shows
a global mean surface temperature rise from 1990 to 2100 of 2.3°C, with a 95% confidence
interval of 0.9°C to 5.3°C (see figure). The Third Assessment Report (TAR) of the
Intergovernmental Panel on Climate Change (IPCC) reports a range for the global mean surface
temperature rise by 2100 of 1.4 to 5.8oC1 but does not provide likelihood estimates for this key
finding although it does for others.

Our assessment applies an integrated earth systems model.2,3 The climate model component is a
two-dimensional (zonally averaged) model that reproduces the behavior of coupled atmosphere-
ocean general circulation models (AOGCMs).4 This flexibility allows us to analyze the effect of
structural uncertainties present in existing AOGCMs.5 We capture cascading uncertainties in
natural and anthropogenic emissions of all climatically important substances, both gases and
aerosols,6 in the critical atmospheric, oceanic, and geochemical interactions, and in the carbon-
cycle feedbacks from terrestrial ecosystems and the ocean. Our estimates of key climate model
uncertainties are constrained by observations of the climate system for the period 1906-1995,7

and uncertainty in emissions reflect errors in measurement of current emissions and expert
judgment about variables that influence key economic projections.

Our estimated mean global surface temperature increase by 2100 is 2.5 oC, reflecting the fact that
the distribution is skewed toward high temperature increases. In contrast to our analysis the
IPCC does not indicate whether there is a 1 in 5 or 1 in 10,000 chance of exceeding its upper
estimate of 5.8 oC. Our illustrative results suggest that there is about a 1 in 100 chance of a global
mean surface temperature increase by 2100 as large as 5.8 oC. A caveat is that unknown and
unmodeled processes (surprises) cannot be easily included in our analysis.

For decision-making we are often interested in low probability-high consequence events but it is
critical to give some impression of their likelihood. Emissions reductions will lower the chance
of exceeding an extreme climate outcome but not eliminate the risk entirely, and analysis of the



reduction in probability is an important policy consideration. Our method allows us to calculate a
very extreme warming scenario. For example, choosing all the 95% high warming input values,
which has a joint probability of 1 in 2.5 million, will lead to a temperature increase of 8.1° C in
2100. Thus, quantifying uncertainty is essential for assessments intended to provide policy
guidance.

Our research is not the last word on the likelihood of future climate change. Analysis is
hampered by data gaps, inadequate understanding of key earth processes, and inadequate
computation power. Still, future reports by the IPCC, and others presenting similar work, would
better serve the policy process by including formal analysis of uncertainty for key projections,
with an explicit description of the methods used.

A more complete report on this analysis is in preparation.

Probability density function for the change in global-mean surface temperature
from 1990 to 2100, estimated as a best-fit of a beta distribution to 100
simulations using Latin Hypercube sampling from input distributions. The IPCC
upper estimate is beyond our 95% confidence limit. Based on this distribution,
there is a 12% chance that the temperature change in 2100 would be less than
the IPCC lower estimate.
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