Degrees of Certainty

STEFHEN H 5CHNEIDER

CIENTISTS TOO OFTEN SHARE RESPONSIBILITY with the media for

not clearly communicating complex science issues 1o the

public. Most members of the general public, as well as many

officials in government, do not recognize that most scientisis

spend the bulk of their time arguing abowt what they do not

know Most scientisis consider discussions of wc1l-a.+:+:up|1.'-1.l,
proven ideas as “old hat” and not worth our time. That attitude is not
without merit, however, for the scientific method operates on the basis of
constant questioning, particularly for issues that are not yet well-validaed.
But if the public and its representatives do not understand our process and
its focus on not-vet-resolved issues, they will not eastly imerpret what has
been called the “ducling scientists™ debate over global warming, regardless
of whether the scientists are ideologically driven. We simply have 10 spend
more time making clear the distinctions among what is well-known and
accepted by most knowledgeable scientists, what is known with some
degree of reliability, and what is highly speculative,

The public debate on global warming rarely separates those compo-
nents, thereby leaving the lalse impression that somehow the scientific
community is in overall intellectual disarray. In [act, the 15-year-old olien-
realfirmed U S National Academy of Sciences consensus estimate of 1.5 to
4.53°C global average warming il COy were [0 double still reflects the best
estimate from a wide range ol current climate models® and ancient climat-
ic eras.” The Earth has not been =1 o 2°C warmer than now during the
10 000-vear era of human civilization. The previous ice age, in which
mile-high ice sheets stretched rom New York 1o Chicago w the Arciic,
was "only” 5°C colder than the current 10 000-vear-old imerglacial epoch
we now enjoy. This 1.5 10 4.5°C warming range still includes those studies
that recently halved the best guess on warming from =4°C 10 2.5°C.
Perhaps some new discovery next week will push it back up again, bui
even il not, that enduring 1.5 to 4.5°C warming consensus still remains.

Changes ol this magnitude could dramatically alter accustomed climat-
ic patterns, affecting agriculture, water supplies, disease patterns, ecosys-
tems. endangered species, severe storms, s level, and coastal llooding,

Unless scientists communmnicate what they know along with what they do
not know, the public policy process is subverted in an endlessly confusing
debare that inadequately represents the actual naure of informed opinion.
It is dilficult for the media to do what sometimes 1 wish they would: back
ofl their concept of “halance™ in favor of the concept of “perspective.” I an
issue is complicated. it 15 not enough 1o give equal inches or minutes 1o “all
sidles™—a practice that often leaves the public more confused than belore,

NATIONAL GEOGRAPHIC RESEARCH & EXPLORATION Q2317319 1993

Debate in the media over glohal
warming often mixes what is well
Imown with what is speculative,
thereby leading to an artificially
confusing impression that scientists
share no consensus of the probable
magnitude, fiming, and potential
seriousness of the environmental
and socictal consequences of the
decumenied and well-understood
buildup of various greenhouse-
enhancing gases in the atmosphere,
Indeed, widespread concern exisis
over the plausibility of emperature
increases of 1 to 5°C in the 215t
century, and that the mid o upper
paart of that range could imply dra-
matic restructuring of ecosystems
or communities. | discuss the diffi-
culty in interpreting the 0.5 £ 0.2°C
20¢ch contury warming trend as
“proof” of greenhouse-gas—induced
global warming in light of possible
climatic-change causal factors such
as indusirial acvosols, natural fluc-
tuations, or changes in solar out-
pul. How te act is controversial,
and cconomic model resulis show-
ing potential abatement costs of
carbon taxes are discussed.
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particularly if the “sides” that are left out are the middle: the bulk of
experts, ie, the people who created the established consensus,

Moreaver, that established consensus must be stated in terms of proba-
hilities, because very lew scientists—mysell included—would say they
believe the future climate will be in or out of the 1.3 o $8°C warming
range for certain. Rather, most believe this range (o be reasonably proba-
hle. Therelore, if scientilic opinion is 10 ke communicated accurately, i
must be by converting issues into probabilistic terms and providing per
spective on the range ol views rather than by conducting an entertaining
but misleading debate among the most extreme of the ducling scientisls
or oceasionally stretched beyond caricature in editorials or articles by
polemicists and ideologues, What counts, then, is the nature of the evi-
dence and the spectrum ol opinions of a breadly representative group of
experts sl notsimply a lew highly visible debaters with extreme views,

What Does Comprise
a Consensus on Global Warming?

fust 1o illustrate the point that much is aleeady known, 1 ofler the lollowing
list ol global-warming—related poinis accepted by a very large fraction of
the relevant expert communities, One good senrce [or discussion on the
lllomwing points is the recent National Research Council's study on global
wiarming and its implications. ' {Follewing each of these statements is my
awn estimate of the likelihood of the statement warning out to be true

B GREERHOUSE GAsEs—1 150, CO45, CHy, My, CFC—trap infrared radintive ener-
av in the lower atmosphere, & CERTAIN

B TTIE MATURAL GREENHOUSE FFFECT [rom clouds, water vapor, €O, and CH, is
respansible for some 33°C of natural surlace temperature warmning, b Corran

B IIUkans pave acteren the namral greenhouse ellect by adding 25% more €O,
00% more CHyand a host of other greenhouse gases such as NoO and CRC
since the Industrial Revolution. » CeErTAIN

B ADDED GRECNHDUSE GASES [rom human activites should have added some
210 3 W el mfrared radiative energy over every square meter of Carth,
This is well-established based on our considerable knowledge of the st
ture of the atmoesphere and on extensive validation from satellites and
ather measurements—even though the exira 2 10 3 W cannot be direetly
mensured yel, B VIRTUALLY CERTAIN

B EARTT HAS 1M TS AND STARTS, warmned up by ~0.57C over the past century; the
| 980 15 the warmest decace on record and 1990, 1991, and THEE (o order)
the warmest vears on record, {The warmth ol individual years varies with
instrument method used—eg, these records are from the surface netwark of
thermometers, not radioseund or satellite instruments.) B VERY LiKELY

B ALTHOUGH MO HIGHLY SIGNFeanT (e, al the olien-cited 9% stanstical conli-
denee limit) cavse-und-ellect statements beraeen the observed warnming and
the Buildup of human-indueed greenhouse gases can be credibly asserted Tor al
least anather decade or 2, the likelihood that the 405%C 20th century warming
trend is whally a natueal phenomenan is small (e, Twould estimate perhaps a
L o 22 chance], B LIKELY

B MOST CLIMATIC RMODELS PROIECT A waRMING of several degrees orsoin the

next 50 vears given stancard Lhusiness as usual™) greenhouse-gas emission
scenarios, and they portend a potential long-term Ge, ap 210 10 2200)
warming commitment as high as 5 1o 10°C {eg, IPCCR) » GOOD CHANCT, AT
LEAST AN EVER BET
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B Nutural, susiained, globally averaged rates of surface aictemperature change
teg, rom the hrealoap of the last ice age 15 D00 vears apo 10 the full estahlish
ment of our current interglacial age some 3000 Lo 8000 vears ago] are Lypically
1PN vears, On the other hand, cven the minimum projected homan-
incluced rates of climate chunge are om the order of 1900 vears uptoa
potentially catastrophic rate of $°C/ 100 years—he latier being some 100 times
faster than 1ypical sustained globally-averaged rates of climate change 1o which
bnsan civilization evebeed, and the corvent distribution ol species and copsys

tems emergedl B OVERY LIKELY

B MO FOREST SPRECIES “MGRATE al rates of atmast T ko, and would not he
alile o “keep up” will emperanire changes ata rate of several degrees cent-
gricle per century without human inteceention 1o ransplant them {ie, ceologi-
cal engineering) = B VERY LIKELY

B DIEFERENT SPECIES (eg, specific kinds of trees, insects, binds, or mammals;
wold all responed differently o projected elimatic changes. For example, birds
can migrate rapidly but the vegetation seme birds need for survival habital
would respond only very slowly (over centuries). This implies a possible tear
ing apart ol the souctures of communities of plants, msects, and animals (eg,
T Reor®at rates that exceed clear historic or gealogic metaphors {eg, [0W
Graham and T C Grimm™y, B Likeny

B CURRENT CNGINEERING AND FOENesas pracriers in rerms of building standards,
automobiles. power production, or manulacturing are very retarded relative to
the enerpy eilicicney of best available technolegies or techniques. Many stud-
iz 1305 sl that Tram 10 0% reduetions i earrent OO eimissions in
the United States could result in lomg-term costs it ar [l o cnerent vates of
expenditure for the couivalent energy services i carrent inefficient practices
and infrastruetures were teplaced by state-of-the-are, proven ellicient practices
and equipment, » VERY LIKELY
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The uncertainties in lemperatare projections over the next century range
over a lactor of 10 {Figure 31 Ineluding together, nncertainty from human
hehavioral activities thal create greenhouse-gas emissions, ological fac-
tors that influence the carbon cvele, and physical lactors such as the “leed-
hack effects™ of clowds or ice, leads to the dilferences seen om Figure 3.7

SCHHEIDER: DEGREES OF CERTAINTY

Figue 2.
Althongh wir-pollution levels have recent

ty impreoved, swrgicel masts gre worn by
those eroebled by the still-high paltution

teveds o Honstin Isdand, in Tokve, fapan,
DAV L] AR ARV

Figure 3,

Three I;.r[:mu'irr.';ﬁjr;{iufmﬂ fempe Fat e
chinge 1o 2100 :f.:'rr'rr'd_;lr'nm q.'urr:]Jl'm'nIL;
uneertginges in furare trace greenhause
gas pragections with those of madeling
the Batie and ¢limalic vesponse e thase
prafections, Sustmined globeel temperaisre
choges Teyond 2°C 03,67 1) would be
uaprecedemied dusing the eva of human
civilization. Thi eriddle (o E Y FORET
represents climatic efemges et o 10 o
I dmes faster porce han Lorg-tern nai-
pral averine rates of change”

ot



Figure 4.

Tervaced rice fields on the island of Rali
are costiimon, | |ll‘|l|l|.:_ bl Aflage |'lf the
run-off from neariry masiostains, hese
_rlq' [ifs Jlnr.h..:.' A% MRy ds l.:mrl'.. R e
with cembiries-old irrigation svalems.

CHARLLS i ELAN

Figure 3. (oppaosile page)
{ hins € ARMMIR Y, Mipmoaia, Iuilr.lll.
1971

PR%ELS L SUASFILLLY

I7éw

What Is Known with Some Reliability?

A major criticism of global warming has been the imperfect match
between the erratic warming of the Earth and the rrlall.nth smooth
increase in greenhouse gases over the past 100 years. It has been alleged
that the temperature trends in the 20th century cannot be attributed 1o
greenhouse-gas buildup, because most of the warming in the 20th cenmury
wok place between 1915 and the 19405, followed by a cooling at the very
time the global greenhouse gases began to build up rapidly. Then, from
the mid-1970s 1o 1992 there has been a dramatic warming, with the past
12 years ol surface temperature containing over a hall dozen of the
warmest years on record

Unlortunately, we cannot rule out some posstble role for ather porential
climatic influences or “lorcings™ as they are called. Among these forcings
are: sunspot activity or atmospheric particles from volcanic eruptions,
industry, automobiles, and agriculture (Figures 1,2.4.5). It has long been
known that most of these particles, for example, tend 1w cool the |‘.'|..1:|'|1‘[.
counteracting any greenhouse elfect, at least regionally:

Very recently, R | Charlson and colleagues' picked up on this old de-
batese2.21.24 of the cooling potential of human emissions of 305 (largely
from hurning sulfur-contaminated oil or coal) and added some guantita-
tive insights, They concluded that sulfuric acid acrosol particles (a lorm of
smog) could both directly and indirectly (by brightening clouds) reflect
enough sunlight away so as 1w nearly compensate for the extra human-
cansed greenhouse-effect surface-layer heating from CO,, CHy, and CFC
over most of the Northern Hemisphere landmasses since the 1960s. Since
this reflection of sunlight is a daytime phenomenon but the addition of
greenhouse gases is a day and night effect, scientists (see, for example R A
Kerr'®) recently have begun to project that the 505 effect combined with
the anticipated global warming from greenhouse-gas emissions would, at
least over land in the Norhern |“|L‘I11I'~|T|‘Il‘.'rl.'. resull in a nighttime warming
trend. Recently, T R Karl and colleagues' noted that over the United
States, the former Soviet Union, and China (precisely those places most
affected by 50, emissions), recent (ie, within the past 30 years) warming
trends were indeed largely at night. While 30 years is wo little time 1o
allow any confident conclusions, these latest results add (not subtract as
some critics have contended) to the conlidence that greenhouse-gas
buildup eguivalent to a doubling of CO; would eventually warm the
Earth by some 1.5 10 4.5°C. This is all noted in the recent update ol the
Intergovernmental Panel on Climate Change report®

Finally, for 2 reasons we should ke litile comfort from the possibility
that sulluric acid particles will “save us” from global warming, First, such
chemicals are principal ingredients of acid rain (Figures 19 & 200 and
health-threatening smog. Second, acrosols are, as many have noted for
decadess 2324 g regional phenomenon, whereas “greenhouse”™ heat-trap-
ping elfects are spread fairly uniformly over the globe, Thus, even il on a
hemispheric average sulfur acrosols were o exactly reject as much extra
solar heat 1o space as greenhouse gases trapped heat in the infrared wave-
lengths near the surface, this sitwation would not be a cancellation of cli-
matic eflects, since the cooling would be in very patterned hall-continent-
sized imense patches, whereas the heating would be rels ilvely more even-
Iy distributed around the hemisphere. The likely resuli would be a distor-
tion of normal heating patterns, such as the land-ocean thermal contrast.
such distortions would likely lead 1o regional climatic anomalies (ie,
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ic temperature changes were small as a result of the hemispheric-scale
heating-cooling compensations. In short, we cannot “cure” global warm-
ing with 50, emissions and escape risk lree

An updated interim report of the Intergovernmental Parel on Climate
Change acknowledged these uncertainties, while concluding once again
that the 1.5 10 4.5°C warming range is quite likely 1o cover what the actual
long-term femperaiune response ko o 1."3 l.|'|lu|"|-i1l_l.1 will be over the next 50
ViEArs O S0

But most scientists still agree that without 10 1o 20 more vears ol ther
mometer, satcllite, solar, atmospheric pollution, and » olcanic observations
it is dilficult 1o pin anything down to 99% certainty

Fortunately, we are now measuring energy outpul of the sun, eruprions
of volcanoes, and pollution-gencrating activities, and can thus accouni
hetter for thetr individual effects. Finally, in shorn, we are watching some
of the other forcings. Thus, as greenhouse gases continue to build up in
the future, il greenhouse warming does not take place a1 roughly the pre
dicted rate during the 1990s and into the next century, then it will be pos-
sihle to argue on the basis of some direct evidence that the elfect predicted
by current models 15 oll base Personally, 1 will be surprised if our current
global “best guesses™ prove (o be oll by =50'%

Indeed, speculative theory is not the principal reason that advocates ol
concern over the prospect of global warming amd 1 am unabashedly one
ol them—1take their time and stand belore groups such as Congressi all
committees amd take their time with our concern. Rather, our concem is
|1_|.“-|,| on the validation exercises fiar models '||!1.|I Wi !I,I'.I._' built of the bl
sent and past climate, since these models can also be used 1o [oreshadow
the future. In fact, many aspects of these models have already been val
dlated 1o a constderahle |,‘|;'_|;||,'|', .I|I]I|llli,:|l ot (o the [ull satisfaction ol any
:-."x|1|~l'|-l|:|||.' com [T

Foir L-_'..;u1||'|||_'. wie know [rom observations of natare that the last ice age,
which was -5°C. colder on a global average than the present era, had €O,
levels =25% less than over thousands of vears before the Industrial
Revolution. CHy, another very potent greenhouse gas, also was lower by
about half relative 1o preindustrial levels

Ice in Antarctica contains gas bubbles that are records ol the aimos-
pheric composition going back over 160 000 years. Cores drilled into the
ice sheets show us that the previous interglacial warm age, some 120 000
o 130 000 vears ago, had temperatures and COy and CHY; levels compara
ble 1o those in the present imerglacial period.

The well-correlated change in these greenhouse gases and in planetary
temperniure over geological epochs is an empirical way 1o estimate the
sensitivity of climate 1o greenhouse-gas concentration changes. Such stud
ies find geological-scale temperature changes from greenhouse-gas vana-
tions roughly of the r|1.1j_::1||:||.|-r thar one would exXpect based on projec
tions from todays generation of computer models.” However, we still can
not assert that this greenhouse-gas—geological-temperature coincidence is
|1|uq-| that owr mustlels ane 1|_|,:.‘|]'|I'|1.'t[|‘|'|."|1.' correct, since other lactors were
operating during the ice age=interglacial cycles. The best we can say i that
the evidence is strong but circumstantinl

One related point 1o the ice age- interglacial cycles may be uselul here
It |1,|'|||_,||]'|3, jakes tens of thousands of vears to build up e age ;|.',|.t|. {1
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bui only =10 000 years 1o deglaciaie; and each warm imterglacial epoch
also lasts typically 10 000 vears. Since our current interglacial is now
=10 00 vears old, some have suggested that global warming is a good
thing because it will hold hack the next ice age. What this view ignores is
that the time [rame for natural imerglacial 1o glacial tmnsitions is tens ol
thousands of vears, whereas the potential for global warming is 2 1o 10°C
warming in only a cenury or 2—a radical rate of climatic change relative
e most sustained, natural global climate changes in geological history.

What Is Highly Speculative?

Any prediction of what climatologisis call the dewiled time-evolving,
regional distribution of climatic anomalies s highly speculative. Tr is saill
tough 1o be confident in projecting where and when it will be wetter and
drier—how many Noods might occur in the spring in Calilornta, or for-
est fires in Wyvoming or Siheria in August—although some plausible sce-
narios can be given (pp 180&181; Figures 18&21) . How much sea
level will change is also speculative 22 with most estimates ranging
from 010 1-m rise by 2100.

ECOLOGICAL IMPACTS:
ITHE POTENTIALLY MOST SERIOUS CONSEQUENCE

Projecting the time required for regional climatic changes 1o evolve 15 siill
speculitive, and so wo is any confident assessmem ol the agriculiural,
hydrological, ecological, or health consequences ol global warming,
However, we can construct a variety ol plausible specilic scenarios of cli-
matic changes over space and time and then ask: “So what?™s'e Indeed,
stich exercises have led 1o conllicting assessments of the agriculiural con-
sequences (Table 1)1 but greater concern for the |i}'t[t‘uh!ﬂiul| CONTLS
quences=* and very serious concern lor the ecological implication of
most global warming scenanos (Figure 6).17

Figure 7 shows distribution of sugar maple trees (Figure 8) under 2 dil-
ferent estimaies of climatic changes. The authors ol this study noted that
their estimates of changes in the ranges of this species did not account for
the time it might take for the trees 1o migrate or the obswacles they might
encounter in migration (eg. farms, cities, [reeways, acid precipitation, air
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The growing record of climate
unemalies in recent yedrs has
climatologlsis speculaving thae a
patiern of detalled, time-evelved
reglonal distribution of extreme
weather Is developing.

Exumples of these recent anomalies
are: violent tornados such as this one
aver East Roosevelt, Oklahoma
lopposite page, above): torrential
dovenpours like this ane caused by a
hurvicane in Texas (opposite page,
lower left; devastaiing hurricanes as
illustrated by the ruins and remains
on Dauphin Island, Alabama (oppo-

- site page, lower right); the notorious
Jire in Yellowstone National Park,
Wyoming (above); and heavy spow-
storms that leave cars mired in snow

drifts in Perryburg, Ohio (left).
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