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T h e  United Nations Framework Conven- 
tion on Climate Change (1 ) calls for a "sta- 
bilization of greellhouse gas concelltrations 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 equilibriuln impact on 
glohal temperature of a doubling of the COz 
concentration alone is estimated bv 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 
conceut of dangerous interference is ultirnate- 
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 colntnunity 
to discuss acceptable atmospheric stabilization 
levels. The  IPCC has, for instance, published 
CO, enlission 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 (55C or 650 ppmv) as a reasonable 
compromise; however, this perception of the 
range as a definition of what is acce~table is 
notuwhat 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 a n  even Inore difficult position. 
T h e  situation calls for greater participation 
from the  scientific communitv 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 variabilitv in global tern- 
perature. In Fig. 1, we have ;eproduced 
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IPCC's scenarios is350 throueh SlCCC) lead- 
ing to stabilizatidn of atmosiheric Cbz in 
cornbination with the expected change in 
eq~~ilibrium temperature since the beginning 
of the Industrial Revolution for each of these 
stabilization levels. \Ye assumed a linear rela- 
tion between the change in global tempera- 
ture and radiative forcing. The  mid-point es- 
tinlates correspond to a temperature sensitiv- 
ity of 2.5'C per C0,-equivalent doubling, and 
the uncertainty ranges cot-respond to the sen- 
sitivity range 1.5" to 4.i°C. Furthermore, we 
have assumed that the contribution from all 
other greenhouse gases and aerosols combined 
is 1 W/m2 (4). Although not directly compa- 
rable, all of the IPCC IS 92 scenarios (5), 
except IS 92e (which includes very large SOz 
emissions), have a combined non-CO, forcing 
in the range 0.7 to 0.9 W/m2 by the year 21C0 
in relation to nre-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 im~acts .  It is also necessarv to 
carefully analyzeL the transient phase, because 
the rate of climatic changes on both a global 
and a regional level is of critical importance 
(7). 

In Fie. 1, we have also indicated an esti- u ,  

mate of the natural fluctuation of the global 
average surface temperature change during 
the past millennium (8) and the estimate by 

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 ( 1  C). 

If the  climate srstem is sensitive to  CO, 
increases in the IP'CC'S upper range, then a 
COz concentration of only i5C ppmv will 
be sufficient to yield a change in average 
global temperature of a magnitude ap- 
proaching that which occurs during the  
transition to  a n  ice age. It  appears that  to  
keep the  changes in  global temperature 
within the  ranee of natural fluctuations dur- 
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ing the  past millennium, the  climate sensi- 
tivity has to  be low and the atmospheric 
COz concentration has to  be stabilized a t  
around 35C 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 bv 2°C may be seen as such a critical 
level. un t i l  it has bken 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 
3iC to 400 ppmv possible. This conclusion is, 
of course, not final. Further research and ob- 
servations may i~nply that the stabilization 
target has to be revised. 

O n  the basis of the IPCC estimates (3) ,  we 
conclude that this target would renuire annual - 
COz emissions to be o n  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 ATsince 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/m2. The dashed veriical 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  a/. (1 1) point out that 
stabi1l:ation in this range can be reached even 
if \ye folio\\- the IPCC IS 92a "business-as- 
usual" emission trajectory for another decade 
or so (12). However, this does not imply that 
it is posslble to wait and do nothing di~ring 
this time and then declde to opt for a low 
stabilization target. T o  achieve the subse- 
quent, rather rapid departure from business-as- 
usual e~nissions, the inertia of the energy sys- 
teln (that is, the long-lived character of energy 
technologies and the associated infrastruc- 
ture) lllakes it necessary to adopt policies 01-er 
the next decade that discourage investlnents 
in long-llved carbon-intensive technologies, 
stimulate research and development, and cre- 
ate market shares for eilerec technoloeies and 
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systems that emit low levels of or no C0:. 
Policies will also be needed to constrain 

e~nissions of other greenhouse gases. For the 
low stabilization targets discussed here, the 

negative forcing from sulfate aerosols will be 
cloae to zero over the second half of the nest 
century, and the contribution from ~ ~ I I - C O ~  
greenhouse gasei lnay contribute more than 1 
W/mL. These effects would further constrain 
the allo~vable enlission space for C02. 
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IS ,  irilgley ei  a!. 11 1) also argue ihat reducton deferral is 
preferable from an ecor-.omic polnt of view, al iho~~gh this 
conclusion IS conrroversiai. The main reason for the 
controversy IS that the econornc rnodeis used to sup- 
port ther conclusion are poor in capturing cornp:ex and 
critlcal factors sucn as iechnoogca: cnange and the 
Inertia of the energy system [see, for example, ivl 
Grubb, Energv Poiicv 25. 159 11997)l. Grubb also 
stresses that the uncertainty a b o ~ ~ t  the stabllzatlon tar- 
get s cr~ticai for near-term pollces. 
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