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Figure 1.  The surface of the Earth is warming. Four maps of the northern hemisphere demonstrate the trend, with average surface temperature for:
top left, 1919; top right, 2002; bottom left, 2061; and bottom right, 2099. Center, the global average, as a function of time, is shown. The
computations were based on observed temperature (pre-2000) and a climate model assuming a continued high rate of greenhouse gas emission.

to determine what climate changes have anthro-
pogenic causes. Humans are changing the climate;
the scientists must determine and explain how. The
third role is to analyze and explain the efficacy of
proposed methods of adapting to or mitigating the
effects of such changes. Adaptation describes things
man can do to cope with changes, such as construct-
ing seawalls to protect low-lying areas from rising
sea levels. Mitigation describes things humans can
do to avoid, minimize, slow, or even reverse climate
changes (for example, dispersing aerosols into the
atmosphere to reflect solar radiation, thereby cool-
ing the planet). Many schemes will be proposed; the
climate scientists will be called upon to predict and
explain their effects.

Modeling the Earth’s Climate: 
A Laboratory the Size Of the Planet
Climate changes in the recent past can be deduced
from recorded observations of temperature, precip-
itation, and even wind. Going further back into the
past, similar inferences can be made from ice cores,
lake sediments, tree rings, and other indicators. 

Until recently, future changes to the climate could
only be hypothesized employing small computa-
tional tools. As computing power has grown, large,
global-scale climate modeling has expanded. Previ-
ous limits on computing capability and the size of
datasets had constrained the resolution and scope
of the effective modeling capability. With the ongo-
ing revolution in high-capacity, high-performance
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