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Targets for Stabilization of
Atmospheric CO,

Christian Azar* and Henning Rodhe

The United Nations Framework Conven-
tion on Climate Change (1) calls for a “sta-
bilization of greenhouse gas concentrations in
the atmosphere at a level that would prevent
dangerous anthropogenic interference with
the climate system.” However, the required
level is still unclear. There are two main
reasons. First, the climatological, ecological,
and social impacts associated with any given
level of atmospheric CO, concentration are
still uncertain; the equilibrium impact on
global temperature of a doubling of the CO,
concentration alone is estimated by the In-
tergovernmental Panel on Climate Change
(IPCC) to have an uncertainty range of (at
least) 1.5° to 4.5°C (2). Second, even if im-
pacts were known with 100% certainty, the
concept of dangerous interference is ultimate-
ly a question of value judgments that can only
be settled in the political arena.

These two facts largely explain the wide-
spread reluctance in the scientific community
to discuss acceptable atmospheric stabilization
levels. The IPCC has, for instance, published
CO, emission trajectories leading to atmo-
spheric stabilization in the range of 350 to
1000 parts per million by volume (ppmv) (2,
3), but without endorsing any of these levels.
This range of stabilization levels may be per-
ceived as the range of acceptable levels, with
the upper and lower ranges as extremes and a
mid-value (550 or 650 ppmv) as a reasonable
compromise; however, this perception of the
range as a definition of what is acceptable is
not what the IPCC intended.

Establishing acceptable atmospheric sta-
bilization levels is inherently difficult, but
avoiding this discussion leaves decision
makers and social scientists, like econo-
mists, in an even more difficult position.
The situation calls for greater participation
from the scientific community in the debate
over long-term stabilization levels.

Given the present scientific uncertainties,
no firm conclusions can be drawn, but inter-
esting insights can be obtained by comparing
expected changes in equilibrium temperature
obtained from a simple model with some mea-
sures of the natural variability in global tem-
perature. In Fig. 1, we have reproduced
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IPCC's scenarios (S350 through S1000) lead-
ing to stabilization of atmospheric CO, in
combination with the expected change in
equilibrium temperature since the beginning
of the Industrial Revolution for each of these
stabilization levels. We assumed a linear rela-
tion between the change in global tempera-
ture and radiative forcing. The mid-point es-
timates correspond to a temperature sensitiv-
ity of 2.5°C per CO,-equivalent doubling, and
the uncertainty ranges correspond to the sen-
sitivity range 1.5° to 4.5°C. Furthermore, we
have assumed that the contribution from all
other greenhouse gases and aerosols combined
is 1 W/m? (4). Although not directly compa-
rable, all of the IPCC IS 92 scenarios (5),
except IS 92e (which includes very large SO,
emissions), have a combined non-CO, forcing
in the range 0.7 to 0.9 W/m? by the year 2100
in relation to pre-industrial times (6).

A more complete analysis would have to
consider not only the absolute magnitude of
the global average temperature changes but
also regional changes and the associated so-
cioeconomic impacts. It is also necessary to
carefully analyze the transient phase, because
the rate of climatic changes on both a global
and a regional level is of critical importance
(7).

In Fig. 1, we have also indicated an esti-
mate of the natural fluctuation of the global
average surface temperature change during
the past millennium (8) and the estimate by
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the Stockholm Environment Institute of the
“high-risk” temperature change (9). A further
comparison can be made with the change in
global mean temperature of about 5°C that is
estimated to have occurred during the past
glacial cycle (10).

If the climate system is sensitive to CO,
increases in the [IPCC’s upper range, then a
CO, concentration of only 550 ppmv will
be sufficient to yield a change in average
global temperature of a magnitude ap-
proaching that which occurs during the
transition to an ice age. It appears that to
keep the changes in global temperature
within the range of natural fluctuations dur-
ing the past millennium, the climate sensi-
tivity has to be low and the atmospheric
CO, concentration has to be stabilized at
around 350 ppmv.

The burden of proof must lie on those who
argue that it is safe and acceptable to cause
changes in the global climate system that
substantially exceed the natural fluctuations
during the past millennium. Given that this
fluctuation in global average surface temper-
ature is around 1°C (or less), a temperature
increase by 2°C may be seen as such a critical
level. Until it has been proven that a temper-
ature increase above 2°C is safe or that the
climate sensitivity is lower than the central
estimate, the projections shown in Fig. 1 sug-
gest that the global community should initiate
policies that make stabilization in the range
350 to 400 ppmv possible. This conclusion is,
of course, not final. Further research and ob-
servations may imply that the stabilization
target has to be revised.

On the basis of the IPCC estimates (3), we
conclude that this target would require annual
CO, emissions to be on average ‘about 50%
lower (within a wide range) than at present
over the next century. In reality, the reduc-
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Fig. 1. (Left) IPCC stabilization scenarios for atmospheric CO,, (S350 through S1000). (Right) Corre-
sponding equilibrium changes in global mean temperature AT since pre-industrial times (central values
plus uncertainty ranges) estimated by the IPCC (2). Other greenhouse gases and aerosols combined
have been assumed to add 1 W/m?. The dashed vertical lines denote (a) the estimated range of
variability of the change in global mean temperature during the past 1000 years (8) and (b) the
temperature change considered to be high risk by Stockholm Environment Institute (9).
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tions would be less stringent in the near term
and much larger over the later half of the next
century. Wigley et al. (11) point out that
stabilization in this range can be reached even
if we follow the IPCC IS 92a “business-as-
usual” emission trajectory for another decade
or so (12). However, this does not imply that
it is possible to wait and do nothing during
this time and then decide to opt for a low
stabilization target. To achieve the subse-
quent, rather rapid departure from business-as-
usual emissions, the inertia of the energy sys-
tem (that is, the long-lived character of energy
technologies and the associated infrastruc-
ture) makes it necessary to adopt policies over
the next decade that discourage investments
in long-lived carbon-intensive technologies,
stimulate research and development, and cre-
ate market shares for energy technologies and
systems that emit low levels of or no CO,.
Policies will also be needed to constrain
emissions of other greenhouse gases. For the
low stabilization targets discussed here, the

negative forcing from sulfate aerosols will be
close to zero over the second half of the next
century, and the contribution from non-CO,
greenhouse gases may contribute more than 1
W/m?. These effects would further constrain
the allowable emission space for CO,.
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