“A'sequential »
" risk-management ;"
framework provides
- a rational approach .
toglobal climate -~
" .change.”” s

L Janjés K}Hammiﬂ, Ph.D.
_ Associate Professor

o :-fGI@baii '.Cl_‘i‘-m,a_té Change: Are We Qvelr_-»Dl’-ri

" 'The chance that human actjons will alter g'lobal‘ :

climate is on€ of the most.serious environmental
risks. The probability of significant change is
difficult to assess, but most scientists who have

" studied the issue believe that continued erissions

of carbon dioxide, methane, and other “greenhouse
gases” to the atmosphere will increase the average

air temperature at the Earth’s surface and modify -~ -
other dspects.of climate. Changes In ternperature, *

precipitation, and storm patterns are likely to differ .

" between regions, seasons, and even between-daytime -
“and nighttime. The consequences for humars and

wildlife are equally uncertain; although it is likely

- that some changes will be harmful and ethers beneé-.

ficial. As both humans and ecasystems might, to .
some extent, adapt.to otherwise harmiful changes,

. the rate of change could be as important as its .
_ ultimate magnitude: In this issne of RISK'IN-

PERSPECTIVE, I briefly describe the risk and sug-
gest a way to frame the policy-issue. . -

The Enhanced Greenhouse Effect

* In addition to its primary constituents, nitrogen and

> . oxygen, the atmosphere contains a number of gasés

. that are present int only tiny proportions. Among.
* thiese minor and trace gases, water vapor, carbon ..

. dioxide (CQ,), and ozone are important in shaping
the Earth’s climate. Thesé gases allow the sun’s visi-

- ble; ultraviolet, and near-infrared radiant epergy to

penetrate to the Eartl’s surface, bit trap the outgo-

" ing infrared radiation.émitted by lard and ocean,” -

thus contaihing this energy. within the Earth system.

Without an atmosphere,.the témperature at the
. ‘Earth’s surface would average 32° C lower than its™ -

current 15° C (59° F, about the annual average at
Santa Barbara, CA and Charlotte, NC). At this
temperature; water would freeze and life as we
know it could not exist. . R

. There isno doubt that CO,, water vapor, and other

trace gases keep the Earth’s surface warmer than it
would otherwise be. “That is not at issue. The debate
cornicerns the enhancement of this “greenhouse”

effect by increasing atmospheric concentrations of .-

greenhouse gases (GHGs) released through human

" activities. The major enhanéed GHG is'CO,, which

is released primarily through. combuistion of fossil' |

- fuels, with additional amounts from deforestation

and cement production.” Significant additional
contributions to the greenhouse effect.are due to
methane, produced by sheep, cattle, and other
ruminant (cud-chewing) animals, territes, rice
paddies, landfills, leaking natural-gas pipelines; coal
mining, and othet setrces; nitroys oxide (from agri-

* culture and combustion); and various.chlérofluoro-

carbons. (CFCs) and related industrial compounds.
Ironically, CFCs’ direct greenhouse effect is roughly

- offset by their destruction of stratospheric ozone,
" itself a greenhouse gas, but the newly developed

CFC substitiites also contribute to the greenhouse

", effect without. providing this offsetting benefit.”
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Although they have vatied on geoiogic time scales,

. atmospheric concentrations of CO, and other " -

. GHGs have been fairly constant during the period-
‘when huiman civilization developed, uritil the nine-

. ‘teenth centucy when massive fossil-fuel combustion -
. began with the Industrial Revolution. On current

_ trends, concenttations of CO, and other anthro- - -
pogenic GHGs will reach the greenhouse-equivalent
of twice their pre-industrial level by the miiddle of |

_the twerity-first century, and double again by 2100,
The equilibrium effect of the first doubling is judged
to be-a 1.5 to.4:5° C increase in the annual average.
temperature at the Earth’s surface.. Interestingly, no

* explicit probability assignment is given to this range,

. -which has persisted in numerous ‘expert-panel

reports since its introdugtion in a 1979 report of the- - -

-"1.S. National Academy of Stiences. -

- Climate Variation and Consequences’

Despite the prominence given to estimates of global - -

" mean surface temperature, climate change is ot
anticipated to increase temperature uniformly, but

__rather to change climate in ways that vary both. -

tegionally and seasonally. Information onthe =
potential changes comes from Gerieral Circulation . -

" Models (GCMs) and from records. of past elimate . - -

preserved in tree rings, sedimentary pollen, and aif.

bubbles. trapped deep. in Antarctic and Greenland
- glaciers. Although these sources sometirhes contra- .
. dict one another, the general impression is one of
warmer and wetter winters at high latitudes, with -
less change in summer and in the fropics.  While this: -
pattern of change appears relatively benign, drier. . -
and hotter summers in mid-continental agricultural .
areas—such as the US. grain bele—and unpredictable’
changes in the Asian monsoon are probable. c
Sulfate emissions from fossil-fuel combustion may
offset greenhouse warming over the industrialized
regions, potentially altering global atmospheric cir--.
culation. Reductions in sulfate émissions may actu-
-ally accelerate anthropogenic warming. L
Global warming could also lead to'a rise in sea level . -
from expansion of warming seawater, with some
contribution from melting, glaciers. - Current esti-

. mates are that sea level might rise about two-thirds

of a'meter.over the next century. Earlier concerns
about a 10 meter rise due to melting of Antarctic
glaciers have subsided, and Antarctic glaciers may

- actually locktup more of the Edrth’s water. if warmer ”

~winters lead to heavier sriowfall there. ) .
From a policy- pérspective, arguably the key uncer-
tainty is the seriousness of these changes, and the.
_extent to which humans should divert resources. .
from other goals to prevent or limit them.- A num-
ber of studies have attempted to estimate the eco-
nomic effects of changes in agricultural production,”
loss of land area to sea-level rise, and effects oni ~
“health associated with worsened air pollution, .
. possible spread of tropical-disease vectors, and heat
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stress. For industrial hations like the United States,

- where only a small share of économic activity'is -

sensitive to climate, economic costs of a 3° C global
warming have been estimated as something less than
1% of GDP, a big mimber but representing a minus-
cule reduction in the economic growth rate over
several decades. Losses'in developing countries,
whose populations are closer to subsistence levels

_and are more heavily dependent on agriculture, -
" fisheries, and other climate-sensitive sectors, are- .
likely to be larger, relative to-GDP, and displacement .

of “environmental refugees”-from their homelands
could contribute to civil strife. - -
Threats to wildlife may be more far-reaching than
those to human society.. Plant and animal species

" can fnigrate in response to changing conditions, but "
a variety of topographical obstacles, including roads

~ and cities, pose formidable barriers.- As illustrated -

by ongoing debates about protection of endangered
species; the extent to which humans should compro-
mise other objectives to preserve natural habitats

."and species is highly controvérsial. There is also the

possibility that human society is far more dependent

- on natural environmental services than conventional -

estimates acknowledge.

The severity of climate change dependé on Whe.ther L
._.it would be gradual, allowing valuable time to adapt

agricultural, water-supply; and other infrastructure,
or manifest as a series of abrupt shifts. One poten-
tial abrupt change might dramatically shift ocean

* circulation, shutting down the Guif Stream and

cooling western Europe. Recent findings from ~

Greenland ice cores suggest that large and rapid .
" climatic shifts have occurred before. - S

Ahatement Options

- While the risks of climate change aré ﬁrofouﬁdlyv

uncertain, so too are the costs of preventingor
limiting it. Greenhouse-gas-emissions result from a~

_ number of actiyities that are fundamental to medern
' society, especially reliance on fossil fuels. Although

substitutes, in the form of nucleas, solar, and bio:-
mass energy-sources and energy conservation exist,
fossil fuels are currently much preferred for many -

" applications, and weéaning the world economy from

them—at least.int the near term—would be difficult
and costly. Gurrent estimates of the costs.of simply
preventing increases in GHG emissions as populations
and economies grow aré comparable to estimates of
the costs of climate change—a few. percent of GDP.

. These estimates are highly uncertain. Future emissions
_ depend on growth in populations and economic activity,

the composition of economic-activity (production of
energy-intensive commodities like steel, aluminum,
and transportation, for example), and changes in -
energy and other technologies that would occur dye to

" . innovation, depletion of low-cost oil reserves, ényiron-

miental concerns, and other social forces.

- Other, more speculative, measures for reducing the

risk have been proposed. Many of these involve
“geoengineering,” or large scale modification'of -
Farth systems. For example, proposals have been

made to offset increasing CO, emissions by fertiliz-

" ing the southern’ aceans with iron to stimulate the

growth of phytoplankton, which absorb carbon
through photosynthesis and store it in the deep

ocean as they sink; or to offset the greenhouse effect”
by scattering aerosols in the upper atmosphere or
- placing giant mirrors in-orbit. e ‘

.. Global Risk Management

From'a risk-management perspective, three aspects

of the greenhouse problem are fundamental: uncer-

tainty, the prospect.of learning, and the long time
lags associated with the climate system.

- There is tremendous uncertainty about all aspects .

of the problem—what future emissions of green-
house gases will be in the absence of explicit climate

policy; how those emissions would alter the climate, -

what effects an altered climate would havg onr

human activities and eébsy,stems, what human'é a‘re_‘
willing (or should be willing) to trade for limiting

" climate change, and what it would cost, in foregone-

opportunities, to do so.

.We can expect to reduce these uncertainties over time.

Substantial research is ongoing:in many countries. .

- The U.S. Global Change Research Program, for

example, has 4 FY95-budget of $1.8 billion.. The :
Initergoverhmental Panel on Climate Change (IPCC) ..
coordinates the efforts of several hundred scientists.
worldwide and provides an effective institution for
evaluating and summarizing new results and making

_themm accessible to policy makers. Leaining can be

expected to progress through detailed observation of-

the climate system, theoretical, laboratory, and field
. study, and enhancement of computer-simulation

models. Even'if these forms of research are unsuc- -

cessful, ongoing monitoring programs will yield -~
" important information about whether or not the

climate is changing over the next decades. .

" The climate system has tremendous inertia.” This

cuts two ways. - Beneficially, changes in climate will
lag inicreases in atmospheric GHG coricentrations by -
years or decades, because the oceans have tremen-
dous thermal capacity. This thermal inertia should
act like a giant flywhetl, cushioning against abrupt *
changes and creating the possibility that high near-
terin emissions can be offset by subsequent reduc-
tions béfore serious harm results,

‘But considéring what is required to move people to
. 'action, inertia can be-a hindrance: ‘By slowing - -
. climate change, the oceanic heat sink may delay

recognition that global warming is occurring. until
human actions commit the Earth to serious-climate
change, if they have not already. Carbon-dioxide
and other GHGs remain in-the atmosphere a cen-
tury or longer. Combined with'the otean’s thermal

inertia, this produces a “warming commitment”— -
“the difference bétween the current climate and the.

climate that will-exist when the ocean catches up to
the current atmospheric composition. T

. Sequential Policymaking

The risk of climate change is like driving a car on
a dark road: one must proceed slowly-to:avoid

* ohstacles when they becorne illuminated by the

headlights. Current-policy should includea .

. portfolio-with the following elenents: ..

o Restrict near-term GHG emissions, to limit the - .
buildup of the waiming commitrment until the
danger it poses is better understood; .- :

i Encourage innovation to teduce the cost of limiting -
- climate change (alternative energy sources, for -

example) or to make it easier to adapt to change -
- (improved climate forecasting, more resilient - o
- agriculture and water supplies); e
o Stimulate research to better understand the causes ~-

and consequences of climate change and encour-. -

age a global discussion of the issues and how-best
. to manage ther. o e
There is an important precedent for this stepwise
managemerit approach—the Montreal Protocol on

_stratospheric-ozone depletion. Signed in 1987, this

landrnark agreement commiitted most of the nations
of the world to limit CFC emissions. Significantly,
the Protocol committed signatories to -periodic - -

. assessnents of the unfolding science. of ozone -

depletion; with the understanding that the initial
CFC control provisions would be modified in light -

‘of new information. To date, three such: assessments

have been conducted and the scope and stringency

- of emission controls havé been substaritially -

strengthened. Managing the risks of climate change

~will be much harder, because the activities that pro-

duce it are even more pervasive in human society
than the CFCs that deplete ozone, but a.sequential - -
risk-management. framework pravides a rational -
approach to the problem. B



