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POLICY FORUM: CLIMATE CHANGE - 

Dangerous Climate Impacts 

and the Kyoto Protocol 
Brian C. O'NeiLL and Michael Oppenheimer 

Defining a long-term goal for climate 
change policy remains a critical in- 
ternational challenge. Article 2 of the 

UN Framework Convention on Climate 
Change defines the long-term objective of 
that agreement as stabilization of green- 
house gas concentrations at a level that 
avoids "dangerous anthropogenic interfer- 
ence" with the climate system. "Dangerous 
interference" can be viewed from a variety 
of perspectives, and the choice will ulti- 
mately involve a mixture of scientific, eco- 
nomic, political, ethical, and cultural consid- 
erations, among others (1). In addition, the 
links among emissions, greenhouse gas con- 
centrations, climate change, and impacts are 
uncertain. Furthermore, what might be con- 
sidered dangerous could change over time. 

However, both proponents and detractors 
of the Kyoto Protocol, which was designed 
as an initial step to implement the Frame- 
work Convention, have begun to demand a 
definition of long-term objectives. For ex- 
ample, on 11 June 2001, U.S. President 
George W Bush stated that the emissions 
targets embodied in the Kyoto Protocol 
"were arbitrary and not based upon science" 
and "no one can say with any certainty what 
constitutes a dangerous level of warming, 
and therefore what level must be avoided." 

Here, we propose several plausible inter- 
pretations of dangerous interference in 
terms of particular environmental outcomes 
(2) and examine the consistency between 
the Kyoto Protocol and emissions changes 
over time that would avoid these outcomes. 
Although the emissions limits required by 
the Kyoto Protocol would reduce warming 
only marginally (3), we show that the ac- 
cord provides a first step that may be neces- 
sary for avoiding dangerous interference. 

What Impacts Are "Dangerous"? 
Attempts to develop limits to warming pre- 
date the Framework Convention and have 
taken a variety of analytical approaches (4), 
including the recent elaboration in the Inter- 
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governmental Panel on Climate Change 
(IPCC) Third Assessment Report of a de- 
tailed ecological and geophysical framework 
for interpreting Article 2. We examine the 
implications of defining "dangerous" ac- 
cording to two of the criteria of "concern" 
identified by the IPCC (1): warming involv- 
ing risk to unique and threatened systems 
and warming engendering a risk of large- 
scale discontinuities in the climate system. 
These choices can be used to infer an upper 
limit for future concentrations (5, 6). 

Large-scale eradication of coral reef sys- 
tems provides one marker for policy-makers. 
Even before the development of the Frame- 
work Convention, which calls for a long- 
term target that will "allow ecosystems to 
adapt naturally," coral reefs were cited as a 
potential indicator system (4). Coral reefs 
are charismatic ecosystems with high local 
economic value and a high degree of biodi- 

Effects of delay. Global CO2 emissions (A), and annual 
change in CO2 emissions (B), 2000 to 2100, leading to stabi- 
lization of atmospheric CO2 at 450 ppm by 2100 for a sce- 
nario consistent with the Kyoto Protocol (magenta) and a 
scenario with a 10-year delay (green). Three carbon-cycle pa- 
rameterizations are used (see text): best guess (thick solid 
lines), strong uptake (thin solid lines), and weak uptake (thin 
dashed lines). 

versity. They can be found in most of the 
world's oceans in the latitude belt between 
30?N and 30?S. By and large, coral reefs are 
thought to thrive in climate conditions that 
are close to their thermal limits for existence. 
As waters warm toward this limit, corals ex- 
pel symbiotic zooxanthellae in a process 
called bleaching. Sustained bleaching over 
consecutive warm seasons increases the risks 
permanent loss of the reefs. Widespread 
bleaching has occurred in the Northern 
Hemisphere during recent El Ninio events, 
indicating that for some coral reefs, the cli- 
mate limit is only slightly above current sea- 
sonal maximum temperatures. Hoegh-Guld- 
berg (7) has estimated that sustained global 
warming in excess of 1?C would cause 
bleaching to become an annual event in most 
oceans, leading to "severe" effects world- 
wide, even allowing that some acclimation 
and/or genetic adaptation may occur (8). 

Outcomes that have even a low probabili- 
ty of occurrence at a given level of warming, 
particularly within a century or two, but that 
clearly would be disruptive to societies, 
could provide markers for policy-makers. 
Alternatively, so could outcomes that have 
high probability but a low risk of causing 
widespread disruption. An example of the 
first case would be disintegration of the West 
Antarctic Ice Sheet (WAIS). An example of 

the second may be the weaken- 
ing or shutdown of the density- 
driven, large-scale circulation 
of the oceans (thermohaline 
circulation or THC). Complete 
disintegration of WAIS would 
raise sea level by 4 to 6 meters, 
an outcome that certainly ranks 
as disruptive, even if it occurs 
gradually. Views on the proba- 
bility and rate of disintegration 
for a given global warming 
vary widely (9), largely be- 
cause current models do not 
adequately capture certain dy- 
namical features of ice sheets. 
In general, the probability is 
thought to be low during this 
century, increasing gradually 
thereafter. Limited evidence 
from proxy data suggests 
WAIS may have disintegrated 
in the past during periods only 
modestly warmer (-2?C global 
mean) than today; other esti- 
mates suggest that disintegra- 
tion could ultimately occur 
from about 3?C (global mean) 
to 10?C (local mean) (9). The 
process of disintegration could 
extend over anywhere from 5 
to 50 centuries, although 
shorter time scales have also 
been proposed. 
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There is strong evidence that the THC 
had shut down in the past, in association 
with abrupt regional and perhaps global 
climate changes (10). Most coupled atmo- 
sphere-ocean model experiments show 
weakening of the THC during this century 
in response to increasing concentrations of 
greenhouse gases, with some projecting a 
shutdown if the trends continue (11). 

Whether a shutdown results in large 
consequences is sensitive to the timing of 
regional cooling from shutdown versus re- 
gional warming [e.g., in northwest Europe 
(12)], as well as the magnitude of ocean 
heat transport to the North Atlantic region. 
The influence of the latter on regional cli- 
mate may be smaller than some investiga- 
tors have previously supposed (13). We in- 
terpret the current state of affairs as a sub- 
stantial likelihood that forcing due to unre- 
strained emissions would slow or shut 
down the THC, but modest probability that 
THC changes will yield unmanageable 
outcomes beyond a local scale. 

Plausible Targets 
A long-term target of 1?C above 1990 
global temperatures would prevent severe 
damage to some reef systems. Taking a 
precautionary approach because of the 
very large uncertainties, a limit of 2?C 
above 1990 global average temperature is 
justified to protect WAIS. To avert shut- 
down of the THC, we define a limit at 3?C 
warming over 100 years, based on Stocker 
and Schmittner (14). 

The implications of the temperature 
limits for concentrations of CO2 are sub- 
ject to uncertainties in both the climate 
sensitivity and future levels of other radia- 
tively active trace gases. For CO2 stabiliza- 
tion at 450, 550, or 650 ppm, correspond- 
ing ranges of global warming over the next 
100 years are about 1.20 to 2.3?C, 1.50 to 
2.9?C, and 1.7? to 3.2?C, respectively (11). 

Full protection of coral reefs is proba- 
bly not feasible for this concentration 
range. It is plausible that achieving stabi- 
lization at 450 ppm would forestall the dis- 
integration of WAIS, but it is by no means 
certain, because additional warming would 
occur beyond 2100 (15). Avoiding the shut- 
down of the THC is likely for 450 ppm. 
We adopt 450 ppm for our illustration as 
one that could conceivably be applied to 
these examples. 

Implications of Timing 
Some studies find justification for prefer- 
ring reductions sooner rather than later in 
order to account for the inertia of energy 
systems, to stimulate technological devel- 
opment, or to hedge against uncertain fu- 
ture concentration limits (16). Others con- 
clude that although early investment in re- 

search and development may be justified, 
undertaking emissions reductions later can 
lower costs, even when accounting for un- 
certain concentration limits, by avoiding 
premature retirement of capital, taking ad- 
vantage of the marginal productivity of cap- 
ital, and allowing for technical progress 
(17). However, at a certain point, postpon- 
ing mitigation requires unrealistically rapid 
emissions reductions, especially for low sta- 
bilization targets (18). Our ability to identi- 
fy this point is constrained by our incom- 
plete understanding of the carbon cycle. 

The consequences of delay if one as- 
sumes a goal of stabilization of atmospheric 
CO2 at 450 ppm by 2100 is illustrated in the 
figure. Because assumptions about the 
strength of carbon uptake by the terrestrial 
biosphere are an important determinant of 
required emissions, we include estimates 
that span a plausible range of levels of ter- 
restrial uptake (19). In one scenario, indus- 
trialized countries are assumed to meet the 
cumulative Kyoto emissions target in 2010; 
the rest of the world follows a reference path 
(20). Beyond 2010, global emissions neces- 
sary to achieve stabilization are calculated 
with a global carbon-cycle model (21). In a 
second scenario, mitigation is delayed by 10 
years, with industrialized countries meeting 
the Kyoto target in 2020. If reductions are 
delayed by a decade, growth in global emis- 
sions must then be quickly reversed. The 
subsequent rates of decline in global emis- 
sions depend critically on the carbon cycle: 
with strong terrestrial uptake, required emis- 
sions reductions peak at 2% per year; if ter- 
restrial uptake is weak, reductions reach a 
staggering 8% per year before 2040. Given 
inertia in energy systems, such high rates of 
reduction may be prohibitively costly (22). 
Some relief is possible by allowing tempo- 
rary overshoot of the 450 ppm limit (23), al- 
though this strategy may still require rapid 
reductions and also leads to greater climate 
change over the next century or more (24). 

Thus delay until 2020 risks foreclosing 
the option of stabilizing concentrations at 
450 ppm, especially if the terrestrial carbon 
sink turns out to be weak. In contrast, the 
scenario consistent with the Kyoto targets in 
2010 requires challenging but substantially 
lower reduction rates. Global emissions 
peak between 2010 and 2020, and fall at be- 
tween 1 and 3% annually between 2020 and 
2040, depending on the carbon-cycle pa- 
rameterization. Beyond 2050, reductions 
proceed at about 1.5% per year in all cases. 

Stabilizing CO2 concentrations near 
450 ppm would likely preserve the option 
of avoiding shutdown of the THC and may 
also forestall the disintegration of WAIS, 
although it appears to be inadequate for 
preventing severe damage to at least one 
unique ecosystem. Taking into account un- 

certainties in the working of the carbon cy- 
cle, the cumulative Kyoto target is consis- 
tent with this goal. Delaying reductions by 
industrial countries beyond 2010 risks 
foreclosing the 450 ppm option. 
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