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By Stephen H. Schneider

I T is important for Americans

to address the questions: So

what if the climate changes?
How much would disruption of
the expected climate disrupt na-
ture or our economy?

We've already heard from cli-
mate researchers that the earth's
surface temperature has risen
about 1 degree F: since the 19th
century. We've been told about
the potential for further warming
of several degrees that may cause
ecological disruption. But the
tough economic - political really
- question is, how much is our
stewardship of nature worth? Sci-
entists have published hundreds
of papers on the potential impacts
of projected climactic changes.
Their estimates range from small
benefits to catastrophic losses.

To try to sort this out, Yale
economist William Nordhaus
asked 19 economists, technolo-
gists, and natural scientists famil-
iar with the scores of studies of
.climate damages" to estimate
such damage as a percentage of
lost gross domestic product
(GDP) for the world. Using a hy-
pothetical scenario of 3 degrees
C. warming by AD 2100, the best
estimate of the group Nordhaus
referred to as mainstream econo-
mists was about a 1 percent GDP
loss - with fairly large uncer-
tainty. The natural scientists esti-
mated 10 times greater damage -
but with even greater uncertainty.

Part of the difference in these
professionals' world views is the
higher value that natural scien-
tists put on nature's unpriced ser-
vices, like waste recycling, flood
control, or biotic diversity. Econ-
omists are more optimistic that
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NOBEL LAUREATES
ON 21ST CENTURY

CLIMATE
. Professor Schneider, Stanlord
University climatologist ond
outhor of the odjoining column,
recently joined six other noturol
scientists ot 0 public briefing lor
President Clinton. Their
messoge: thot globol worming
is 0 real phenomenon.

Or. Schneider odopted this
orticle from his remorks at the
briefing. His colleagues were
Nobel Lnureotes Morio Molina
of MIT and Sherwood Rowlond
of the University of California at
Irvine, discoverers of the ozone
hole; Nobel Lnureote Henry
Kendall of MIT, head of the
Union for Concerned Scientists;
ecologist Jane Lubchenco of ..

Oregon State University;
infectious disease expel1 Robel1
Shope of the University of
Texas; and energy expen John
Holdren of Harvard.

humans can invent substitutes for
such ecological services. Let's
suppose the economists are right.
Even 1 percent of world GDP lost
annually is, in today's terms,
some $200 billion each year!
Where do such dollar values come
from?

First, consider sea level. Hur-
ricane Andrew caused unprece-
dented losses, about $40 billion.
Before 1987 no weather event
had caused damages in excess of
$1 billion. Since' then, several
have caused tens of billions of
dollars in damages. The insurance
industry is understandably very
alarmed.
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Although there is
some theoretical rea-
son to expect that
warmer ocean tem-
peratures could pro-
duce stronger
storms, this analysis
is controversial, and
no one can credibly
attribute some per-
centage of Andrew's
damage to global
warming. But we do
know that as the
earth warmed, sea
levels became about
4 to 10 inches higher
than a century ago,
which means that any
storm, natural or en-
hanced by global warming, will
have an accompanying storm
surge that penetrates farther in-
land and creates greater dam-
ages. Typical global warming sce-
narios include projections for a
one-half foot to three foot greater
sea level rise over the next 100
years. Those rises clearly will
pose costs and risks to hundreds
of millions of coastal dwellers -
and even to the existence of some
island states.

Now, consider hYdrological ex-
tremes. By hYdrological extremes
I mean droughts and floods. Are
the many costly floods that oc-
curred across the United States
over the past five years, or the
droughts in 1988, or the heat
wave in 1995 that killed hundreds
of vulnerable elderly people in
Chicago, merely two .snake eyes"
in a row from nature, or, rather,
are we "loading the climate dice?"

First, some theory. Since we
add heat-trapping gases like car-
bon dioxide to the atmosphere,
which, in turn, add energy to the
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earth's surface,some of that en-
ergy will be used to evaporate
water. No one who is knowledge-
able disputes that. More evapora-
tion globally means more rainfall
globally. Thus when the atmos-
phere configures itself for locally
heavy rains, more evaporation
means heavier rains on average.
Likewise, as farmers or lawn wa-
terers know, when the atmos-
phere is in a drier mode, higher
temperatures suck more water
from the soils.

Taken together, these physical
arguments provide the rationale
for forecasting increased
droughts and floods from global
Warming. But this is physical rea-
soning, not proof.

So now to some data. Tom Karl
and his colleagues at the National
Climate Center in Asheville, N.C.,
have analyzed reports from thou-
sands of weather stations in the
US over the past century and
found about a 10 percent increase
in precipitation since 1910. More
significantly, most of this increase
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occurred in the top 10 percentile
of extreme daily rainfall events -
that is, the "gully washers" that in-
surance companies fear. While
these observations are consistent
both with theory and climate
model predictions, and thus are
strong circumstantial evidence
for a global warming impact, cer-
tain proof will t3ke a few more'
decades of performing this un-
planned experiment on "labora-
tory Earth."

Fina11y, in a system as complex
as the earth-atmosphere-ocean-
ice biosphere system - what sci-
entists call a "nonlinear" system -
we cannot have precise forecasts
that are credible. But, as the In-
tergovernmental Panel on Climate
Change noted in concluding its
1995 assessment report, "When
rapidly forced, nonlinear systems
are especially subject to unex-
pected behavior." My free transla-
tion of this concern is that reduc-
ing the pressure that humans put
on nature is an insurance policy
against "nasty surprises."
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I Good science IS necessary to Wanning 81 the Taw end of this . . . --

! help ans~er how such biological Uncertainty range could stiO have Increased most 5':1enusts confi-

S " conservauon practices can ~ significant implications for dence. that hum~ Induced global ,

clentlsts are plac~ in the most economically ecosystem adjustments. w~ \'/arml~g was beIng det~ted. The change (ie fingerprints) that are a

increasin
gly ' efficient way. What policies socl-' wamaing I;If 5 degrces centigrade ~n IS thaI the ~xploslv~ erup- much closer match to observed

;1 cry should choose to respond to or more iD the time frame of a tIO? o~ M~unt Pinatubo m the ,daanges. So. pedIaps ironically, it

confident that !he advent of global change pro: century or less could have catA- Phlllppmes m 1991 sP,read ~ layer II the cooling effects of both oat-
. . Jections. however. II not a scien- strophic effects on nanua1 and of sulphate dust panIcles In the ural and human produced sulfate

they can pInpOInt. tific question per se. but a politi- managed ecosystems and pro- stnltosphere that filtered o,ut a per ,duSt that baa substantially

. caI value choice &bout !Jow to ducc serious coastal flooding. The ce~t or tWO of the sun s heat. Increased scientists confidence in

the culpnts of take risks and about who pays the overall cost of these. and other. ~IS, our computer models pre- the ~ty and likely cause of

I b I . "insurance" premiums to raIuce environmental impacts could run dlctcd, would for a few years cool OOserved climate changes known

g 0 a wanmng, risksorcompcnsatclosers. I into tens of billions of dollars the surface. about a quaner of a fKlPUlarly,,~w8lfnlll.St h Policy choice depends on the - degree cenugrade - very ~Iose to . All of this will mobilise con-
says ep en norms or values of the decision annually. Since such costs are not exac~y what h:appened. SInce Ihe sidcrable presswe from environ-

Schneider makers - be they consurners. vot- included in the price of conven-- prediCted cooling was made by DlCDI8;i groups fcx: .world. leaders

en or cabi
n-' 1DIDlS. . ,-- Just U. I fu I th called " the very same models that fore- to rekindle the pollucal climate of

, ... ~. ona: e s. ey are eca- I ba1 . . .
because some economists or . t aI .. " I I . cast g 0 wamung from concern over human-Induced cll-A .1._, O . I.. . nonuc ex ern Itles. ntcma IS- enhancl .ng the nh " ect, mate chan .1._, ---'-

thwareness u- po ubon 1)0 ItiCJanJ choose not to value the . h all . . gree ouse ell' ge ~ IIJAI..ed e. . log suc extern ties IS a . .. .. ..
can degrade our envl- oreservSUon I>f bioloaical diver- .. I aI f . . aI I . the credibIlity of the models Eanb Sumnut In Rio In 1992.

. '.. D" pnnclpa go 0 mtemSUon c 1- . ' Ihe r__-' II Co . .
ronment IS hardly new slty Very highly for cum pl~ I. ad mcl~ as y IAiai we on ntroversy IS sure to PIck Up. . ,-. mate po ICY vacates. thi raI . tal . 1 1. . .
That was dramatically dues not mean that the ma!JO. rity of Anal fro . f d . s natu expenmen test. liven IAJUI !be new scIentific

. . ysts m a vanety 0 IS- S I ha . I Ilearned cenlUnes ago when the public feels the same way, or ci iincs have been altern ling to u p te panIc es are not only resu.1s and !be cnbenched eco-

unco~lrolled coal burning fuelled would continue to feel !be same ;uge the impact of gl~a1 cli- a natural phenomena. but are gcn- ~nuc and ~litical interests

tile mfam°';lS London smogs. way If they learned more a)X)ut matechangeonagriculture,w81er ~ted .b~ people. all o~..the 8Imcd~J?levenli!lgcurbsoncar-
Mode~ en~Jronrnental prob.lems the problems. supplies. biodiversity and eco- Industnallscd ~ mdustnallSmg oon-enu~ng fossil fue.ls.

iIre Unique In that the scale IS no The problem of global climate nomic growth; others are attempt- world. where hIgh sulphur coal In:--csugators BSSCSSI?g the eco-
hmger local but global, and. ing to get a better sense of the and oil are burned. Up to 1991. oonuc cmts of reducmg green-
~tentially ilTCversible effects are change .mvolves a large degree of probabilities of the different cli- c.omputer models primarily con- house gas. emissions typically
IIkcly - thus it is no longer uncertainty. Hov:ever, several i mate change scenarios. In tandem ~Idered only !be effects of have. coD5;1dcrcd the costs of
..cceptable to learn by doing. aspects of the Issue are well I with this work, many economists ~ ~ouse gases in ~g 81,":en targets for emis-

When the laboratory is the earth, understood and. have ~~t have been seeking to estimate the their prcdicnons. ~ for Slons reducu°!l5o or altcmalively.
we need to anticipate the outCome about CO?sensu~ tn. the scIentIfic costs in paIticular countries of global sc:aIe temperature nse. the ,the cmts .of given taxes on fuels

\)f our experiments before we per- community. Sclenus~ agree. f,or strategies designed to reduce car- results did not InBtc!I up well with ,~c.ontnbute to gre;enhouse gas
fonn tllem. e~~plc, Iha1 approX1lllately S.IX oon dioxide emissions. the paacms of climate change emIssIons. In my view virtually

One of the most potentially ~llIlon tonnes of c~n are enut- observed over the past 30 years. all of the models suffer from an
serious problems facing the earth oed .IS o;arbon iI,oxlde to the B ut, aitics charge, isn't Critics charged that the models imponant omission - the neglect

is the synergistic effect of chang- ~tmosp~ere ~":~ y~ from talk of abatement costs could not produce a "fingerprint" of price-induced technological

jng climate and fragmentation of Indu~tnal aJ:bVI.Ues. mainly ~ or climatic damage to of climate change that looked like change. This omission biases

the environment People frag- b~mlllg of fossIl fuels. There IS namre or society prema- !be observed changes of the past upward the estimation of the costs

ment natural habitats for farm- wl~espread consensus that the lure. until we have demonstrated few decades and that the models of policies to avoid climate

land, settlements mines or other build-up. o~ a. concentnluon of more confidently that climate were thus pIaumed suspect. I change.bY reducicg greenhouse
UI:' :Ioplroclit .l.;tl~i,iQ. ::-Lliloia:e carbo? dloxl~e In ~e atmosphere, l:J1ange is indeed happening (what published an article in the jotunal gas. ~mlsslons. OinlOite chang:

changes. individual species of combIned WIth build-ups of oth~ we call the ~signal detection" ~ienc. in J~ 1994 respooc!- I pollcles~ by raising the p~ces of
plams and animals will be fon:cd greenhouse gases, has trapped m problem) and, If so. what caused mg that until the models are dri-; conventl~nal fuels. can stimulate
to adjust if they can. In the past the !~wer atmosphere roughly an It to happen (the so-calJed "attri- yen by !be same factors that the mo~ rapid development of alter-

! they typically migrated with addluonal two watts per square bution" question). Data and mod- earth 11- 00th the global WBmIing naUve, non-fossil fuel technolo-

; changing climate as spruce trees metre?f cner83:' over the entire cUing results over the past few from ~ gas i~ gies and lower the prices at which

: did when the last ice age ended ~ Sl~ce the I~UStrial revolu- years havc, I believc, led to a aDd the regiooal cooliDl patterns these ~hnologies break even.
IIII,IXXJ years ago. But could all bon. ClImatologists also gener- sharp ~ in the .co°fidence that frl?m sulp~ dust -.I!O "finger- Such .m~~ced technological

the migrating species that sur- a!ly agree that the global surface many climatOlogISts worldwide print" matcJ;aiDg ~ between chan,8e nulJgales. ~aps sub-
I vived the last ice age make it aJrtemperature.has warmed up on now espaas (eg in ~ of the modcI-prcdicted paaems of S!BIIually, the cost of climate poli-

across ~ways, agricultural average app~xlmatel'y 0.5 +/- 0.2 report from the. Intcrgovcmmcn- change and. obsc;rved Changes aes. Lan:r Goulde~, associate

zones and cities of the 21st degrees cenugradc 10 the past tal Panc1 on Climate Oaange cic- proves anything. SI~ then, three professor In economIcs at Stan-
century? century. . . aI1ating to national govcmmcnts) such IIKXicI calculations have ford, an~ I have.made preliminary

-noi. problem raises several . U~cenambes become IlXlre tba1 both real climate change baa been performed - 81 the Hadley ~~~Iatlons which show the pos-

controversial questions. Should ~1~lficant when we move to pro- liken pl- aDd that hwnans are Ceo.1re, tbc Genoan-Max ~--s!blllty of a cut in the cost oipoii-

we anticipate this risk and jecu°!15 .about. the future. The .. least put of !be cause. Institute ~ the Lawrence Uver- CI~ ~o reduce carbon dioxide

I respond by setting up inten:on- c:omblnatl?n ofinaeased popula- Although few would say they're more Na~lonal Laboratory. All ~SSIOns as a result of possible
netted nature reserves as a hedge bon ~d 1Dcreas.ecJ. energy con- ~ what bas led to this ~ three studIes produced patterns of Induced innovations.

against some species going sum~on per capIta IS expected to jump ID concern?

extinct if the climate chan g es? ~~bute to Increased carbon First of all. the 1980s wu the
dioXIde and sul p hate. . t -,-,,-' the .

How much is it worth to protect eDUSSlons WInnes ~ m IDStnlmcn-
Ihesurvivalofas peciesorahabi- over !he ~t century, but the f tal record of surface thcnnome-

exteotoftheaoacase. ., ,- I.- baa'-- 0..5(pIlat? What is the value of life-of . IS~ -..~~G ~a . us
humansorothcrs ies? ~traI CSUIn.81CS of ClDlSSlCXU IX" IDlDUS 0.2) degrces cenu~

~ tmply a doubliDg of cnrrent car- century-long warming trend. But.

bon dioxide concentrations by the this wu mown in 1991. !be pre-

middle of the 21st century, lead. vious record warm year (until

U ~ing to typic;a1Iy proj~ warm- 1995, now on an even warmer ~~f
~ ing of the eanh rangmg from 000 recom pace). The years 1992 and ~

degree to more than 5 degr=s 1993 were subsWltially cooler,

centigrade by the end of the 21st and ironically, this acntally

century.



I am not suggesting that
induced technological change
should become the principal basis
for introducing policies such as
carl>on taxes that reduce green-
house gas emissions through
higher prices of carl>on-based
fuels. The main reason to intro-
duce a carl>on tax. for example. is
its potential tq intemalise the car- . ,bon dioxide-related economic '

externalities associated with fos-
sil fuel combustion and thus to
help avert significant levels of
global climate change and its
potential consequences. By"
recognising induced technologi- ;'-
caI change. howevC!'. we lower iI:
the minimal environrnenlal bene- .:
fits necessary to justify a given ;:
carbon dioxide reduction policy :
on overall cost-benefit grounds. '
Stay tuned. the climate changedebate is corning back centre -

stage. ;~
,

Stephen H. Schneider is a profe.r- 1
sor of biological science.r. senior ,..

fellow at the Institute for Interna- ;
tional Studies. Stanford Univer- ;
sity and the author of a forthcom- '
ing book entitled Laboratory :

Earth: the Global Change. !
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