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The severity of damaging human-induced climate change depends
not only on the magnitude of the change but also on the potential
for irreversibility. This paper shows that the climate change that
takes place due to increases in carbon dioxide concentration is
largely irreversible for 1,000 years after emissions stop. Following
cessation of emissions, removal of atmospheric carbon dioxide
decreases radiative forcing, but is largely compensated by slower
loss of heat to the ocean, so that atmospheric temperatures do not
drop significantly for at least 1,000 years. Among illustrative
irreversible impacts that should be expected if atmospheric carbon
dioxide concentrations increase from current levels near 385 parts
per million by volume (ppmv) to a peak of 450-600 ppmv over the
coming century are irreversible dry-season rainfall reductions in
several regions comparable to those of the “dust bowl!” era and
inexorable sealevel rise. Thermal expansion of the warming ocean
provides a conservative lower limit to irreversible global average
sea level rise of at least 0.4-1.0 m if 21st century CO; concentra-
tions exceed 600 ppmv and 0.6-1.9 m for peak CO; concentrations
exceeding =1,000 ppmv. Additional contributions from glaciers
and ice sheet contributions to future sea level rise are uncertain but
may equal or exceed several meters over the next millennium or
longer.
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others build up under sustained warming because of the time lags
of the processes involved. Here we illustrate 2 such aspects of the
irreversibly altered world that should be expected. These aspects
are among reasons for concern but are not comprehensive; other
possible climate impacts include Arctic sea ice retreat, increases
in heavy rainfall and flooding, permafrost melt, loss of glaciers
and snowpack with attendant changes in water supply, increased
intensity of hurricanes, etc. A complete climate impacts review
is presented elsewhere (8) and is beyond the scope of this paper.
We focus on illustrative adverse and irreversible climate impacts
for which 3 criteria are met: (i) observed changes are already
occurring and there is evidence for anthropogenic contributions
to these changes, (ii) the phenomenon is based upon physical
principles thought to be well understood, and (iif) projections are
available and are broadly robust across models.

Advances in modeling have led not only to improvements in
complex Atmosphere-Ocean General Circulation Models
(AOGCMs) for projecting 21st century climate, but also to the
implementation of Earth System Models of Intermediate Com-
plexity (EMICs) for millennial time scales. These 2 types of
models are used in this paper to show how different peak carbon
dioxide concentrations that could be attained in the 21st century
are expected to lead to substantial and irreversible decreases in
dry-season rainfall in a number of already-dry subtropical areas
and lower limits to eventual sea level rise of the order of meters,
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“We don’'t need more scientific assessments
to tell us hoew fast our life-support systems
are going dewn the drain. What we do need Is
something never done before — to mobilize
sclentists, social scientists, scholars in the

humanities, and the general public to find
& promote ways to change human behavior.”

--Paul Ehrlich (2009)
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