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Introduction

Most of the literate world loday regards ‘global
warming’ as both real and dangsroys. Indesd, the diplo-

matio setivity concerning this 1ssue would have one he.

lleva that this (s the malof crie(s sanfrenting manking.

- The forthcoming anvironmaniai eanferencs (Earth Sum-

mit} in Rio will fogus on international agreements 1o
deal with this threat, and the heads of state from
dozens of countries ars soheduled 10 atlend. | myst
slate at the oulset, that, as g scientlsl, | ean fing no eub-
stantive basis for the WArMIng sosnarios being popular.
ly described. Moreaver, according lo many studies |
have read by econemists, agronomists, and hydreio-
gists there would be Iitle cltficulty adapting 16 guch
WaIRIRG If It were 10 ocour. (Sueh wae ajeo the sangly-
$1on of 8 racent Natlonal Resegreh Coungll repon on
sdapting to globai change.) Many aspects of the catas.
1rophe scenarly have alrgady been largaly dlecounted
by the scientific community. For §xample, fears of mas.
sive sealevel Increasss accempanied many of the garly
discuaslong of glodal warming, but these estimatss

have been steadlly reduced By orders of megnituds, -
-and now L Is widely agreed tha

even the potentlal con-
tribution of warming to seg igvel rise would be
swamped by other more important {aclors. o
- How did this pecultar situation arse? Althaugh my

lecture witt focus on global warming, whers | have per.

sonally followed the
ls aimitar t what is
ether environmentat

phenemenon, what | will describe
happening with respect to many

-warming in order that

carbons,

{bslore 1805)

“ belleve that techriotogy

crises’ Inciuding ozene deplstion,

1

acld rain, diminishing species diversity and dontamina-
lion by PCB's, diexin, asbestos and laag. Neveriholoss,
there 8re differances as well — &t 1saet In gcals,

Betora | continue, It will be essentla) to brietly rav. w
the sclance associated with the prediction of global
you can understand why | state
that there [s no substantive basls for prodictions of size.
#bls global warming due to observed Increases in minar
greenhouse gases ke CO,, meathans, and chloroflugro.

i

Summary ot Sclentific issues

Belore even discussing ‘greenhouse theory’, it may
be heiptul 10 begln with the issue that /s aimost always
taken as a given: namely, that CO; will Insvitably ine
crease to values double and evan qusdruple prasen
values. Figure 1 shows the behaviour of COy tince

T about 1800. Before 1958, the record Iy baged on the

analysic of loe corea, After 1988, It is Based on diract.
stmospheric sampling, Clearly, CO; has been Incregs- -
ing. Prior 10 1800 tne density was about 275 ppmv
(Parts per millon by voiume). Teday it is about 385
ppmv. The increase g generally belleved 1o be due 1o
the combination of increasad Surning of fossil fuels and
10 deforestatien. The total source is ostl-
mated to have been incraasing exponantially with a
charactriatic time of 45 years — at leat untll 1973,
From 1973 untll 1880 the rate of increase has been
much glowsr. About hall the production of CO; has ap-
paaredin the atmesphare,

Precicting what will happen fo CO; over the Rest
cantury Is a rather uncenaln matter, By aseumning a shift
toward coal, substantial advances In the third worid's
slandard of living, large population Increases, and g re-
duction In use of nuclear and othar non fossll fuels, one
can génarate an emissions scenarie which will laad to a
doubling of CO, by 2030—If éne uses m parileular -
model for the chemical response to €O, emissions.
This was refarred to as the 'business as usual acanarle
By the Intergovernmental Panel en Slimate Change
Working Group 1. As It turns out. the chemicat modsi
Lsad was Incongigtent with the pas century's recerd; It
would have predicted that we weuld alrgady have over
400 ppmv, An Improved mods! daveloped at the Max
Planck Gesallschall in Hamburg shows the so called i
'business as usual’ scenarle does net even double Co,;
Dy the year 2100. Ay wa 5o from Figures 2, helr mode! _
shows that undsr other scenarios, we may not 9ven get
much more CO; than is aiready in tha almosphere. Pear-

senally sgesklng, It sweme uniikely that the Indefinite Tk
furé of anerdy belongs to coal. | alse find It ditticult o
wont iead to Improved. nuclear

reactors within 50 years. .

- = Nevertheless, we have ajready _séen a-slgd!nédri{ e

crease in CO; which has been accompanied by In--

- . . ‘ “*
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oreases In other minor graanhouse gasas as well
{methane, chiorelivorocartons, ate.). indeed, in terms
of greanhouse potential, we have had (he equivalent of
a 80% incrazse In GO; over the past century, The &t
tects of thesa Incrogsesr are cenainly worth studylng~
quita ndependent of any uncertain luture scenarlos.
Bigure 3 shows the commeon popular presantation of
the greenhouse aflect, The ¢ryde idea is that the atmo-
~ sphera I (rangparent 10 sunight (apar from the very
significant refleciivity of both ¢loude and the surface)
which heats the Eanh's surface. The surlace atteampls
to balanca this heating by radiaiing in the infrared. The
infrared raciailen Increagses with increasing surface
temparature and the temperature adjusts unll balance
Is achisved. If the atmosphere wersg also iransparant 1o

‘nlrared radiation, then the infrared radiation proguced .

'y an average surface temperature of ~18°C would bal
nca the incoming salar radiation {lays that amount re.
1016 back to space by cicuds, elc.). Howsver, the
mosphers is not {ransparent In the infrared, and s
' Garth must heat up somewhat morg In order o da-

't the same flux of Infrared radlation to spacy. Thig ls

At {8 callod the greenhouse effect, The fact 1hat the

th's gverage surtace temperature Is 15°C rathet

1-48°C Ig atirlbuted (o this effect, The main ab

arg of infrared In the atmospheare are water vapour

slouds, Even if ali other greanhouse Hases {liks

n divxide and methans) wers 10 glsappaar, we

' etill be 18 with over 88% of the currant graen-

gllect. Nevertheless, it is prasumed that Increas-

arbon dioxide and other minor greenhouss gages

d 1o significant increases in lemperalure, As we

gan, CQy Is Increasing. So are other mines

288 ases. A widely held, but (as we have

dgstionable, contention ig that these Increases

inue glong the path thay have lollowed for the
ury.

t gontinuing, 1t is worth noﬂn? ihat.the simple

ihe greenhouse mechanism ls sarlously over-

Many of us ware taught In slemantary school

‘s {rangported by radiation, convection, and

. The above picture only refers io. radiative

s it turns oui, it there were only radiadtive -

21, the greanhouss sffect would warm the
out 77°C rather than o 18°C, In fagt, the
eftect Is only sboys 25% of what it would bo
Hative siluation. The reason for ihis 1s the
sonvection (heal transport by alr motions),

&8 much of the radiative absorption, What -

on is schamatically llustrated in Figure 4.
fthe Eanh 18 cocled In large measure by
1 vadoug lorms Inclugding deep clouds)
at upwarg and poleward. One conse-
ictues 18 that it ts the greanhouss gesss
Eadh's purtace thal are of primary Im-
winiming the temparaturs ¢t the Earth.

_ tha surface and 190

2 .

This Is especially Important for water vapour whose
density de¢reazes b{ sbout & factor of 1000 between

m, Anether consaquénce is {hal
ore cannot oven caloulate the lamperature of the Eath
without models that asouratsly reproduce the metlons
of the atmosphasa.irdged, prasent models have large
grrorg herg (ordar 50%) and, net surprisingly, these
modals Are OREBTE 10 dorractly caléylate either the pre-
sent aversge lamperatura of the Banh or the equator-,
pole temparature distribution. Rather, the models are
adjusted (or twned’) to ge! these quantities approxi-
mately right.

Having salg all thig, i Is stili of intgragt lo ask what
we would expact a deubling of CQOp 1o do. A large num-
ber of calculationa show thal if this s all tha! happened,
we might sxpect & warming of from 0.5-1.2°C. The gan-
aral consensug 1§ that such warming would present law
i any problarms, Howaver, even this prediclion is eub-
Juct 1o some uncertainly because of the compiicated .
way the greenhouse effeot actually operaies. More Im-
portant, the climate 18 & complax gystem wheee it Is Im-
possible lor all $iher lactors ta remain canstant,

in preaent models, thene othar tactorg (commonly
referred o as leedbacks) act as destabliizing factors
whigh amplify the sfiecis of increasing CO,, leading lo

predictions of warming In the neighborhood of 4-58°C, - -
“The most imponant of these fadlors In current climate

models 18 due 1o water vapour, In all current modals,

"upper tropospherie (512 km) water vapour, the major

greanhoyte Qns, Increases 48 surfacs lempergiures In-
crease, Without this leadback, no current Model would:
pregict warming in excess of 1.7°C—regardless of any
other {eedback. Unferiunately, the way thess factors

(ks clouds gbd waler vapayr) are handled In prasent
modals & disturbingly grbllrary) In many inetances the
underlylng phys By nol known. (n othef In:

stances there are identifiable arrors. Even camputation-
ul srrore play a major rola, For axample, sxisting
mogals have only 10-20 levels in the verical, which la
Inadsquate tor predicting the bahavieur of a substance
like water vapour which varies immenaely with height,

The dlitleulty laads to model pradictions of neQaiive

water vapour In some parts of {he almosphere, The ar-
bitrary fifing rowtines used o correct this obviously un- .
raglisio behaviour pisy & major tor
vapour budgets. In fact, ihere Compelling evidencerfor
all the known deslabilizing tegdBaCKE Th (he madels o

“actuslly be. Blabilizing (negative) feydbacks, in that
_case, we would expsect the reaponss 1o Co, dcubt.mg'

gione o be diminished.

. It Is commonly Buggestsd thet soclely should not de- .

pend on nagative feedbacks to spare us from A 'green-
nouse catestrophe’. What'ls omitted Jrom such
suggestions 18 thal current models d_.tpend naavihc -
adlficial positive.faedbacke tn =~

Warming,
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0reases In other minor grednhouse gases as well
{methane, ¢hiorolivoracarbons, ete.), Indesd, in terms
of greanhouse potential, we have had the equivaient of
8 B0% In¢rease in CO, over the past century, The ¢t
tacts of these Increases are cenainly worth studylng-
gulite Independent of any uncerain luture seenarios.
Bigure 3 shows the common popular presantation of
the greenhouse affect, The ¢rucde Icea g thal the almo-
- ephere’ I8 {rangparent ¢ suniight (apart trom the very
signiticant reflecilvity of both clouds and the surface)
which heats the Earih's surlace. The surface atternpls
10 balance (his hoating by radialing in the Infrared. The
inlrared raciailen Increases with Increasing surface
temparalure and the temperalure adjusis untll balance
s achisved. }f the atmosphers ware also iransparent to
Infrared radiation, then the infrared radlation produced
by an average surface temperature of -18°C would bak
anca the incoming solar rediation {l9ss that amount re-
flecled back to space by cicuds, ele.). However, the
gimosphere is not transparen! In the infrared, and se
the Eanh must heat up somewhat more In order 1o de-
llver the same flux of Infrared radlation te apace. This ls
what [5 called the graenhouse effect. The fact that the
Barth's average surtace temperature Is 15°C rathet
than -18°C g attributed (o this eftect, The main ab-
sorbers of infrared In the stmogphare are water vapour
and clouds. Even If ali other greenhouse gases (like
carvon dioxide and methans) were 10 dlsappaar, we
would still be il wilh over 88% of the ¢utfeni graen-
housge @ffect. Nevertheless, i is pragurmed that Increas-
25 in carbon dioxide and other minor greenhouss gaees
wiil laad 1o significant Incraases in lemperature. As we
have seen, CQO, Is Increasing. So are other miner
greenhouss gases. A widely held, but (as we have
saen) questionable, contentior Ig that these Increases
will continue along the path they have followed for the
past century.

Beforg continuing, It is worth notln? ihat.the simple
picture of Ihe greenhouse mechanism la sariously over-
simplifiad, Many of us wera laught In glementary school
tha! heat l& transported by radiation, ¢convedtion, and
conduction. The above piciurg only refers lo. radialive

transfer. As it turns oul, it there were only radiagtive -

heat transfer, the gresnhouss effect would warm the
Earth 1o about 77°C rather than lo 18°C, In fact, the
greenhouse effect Is only aboyt 28% of whal 1t would be
In a pure radiative sltugticn. The reason for this I the
. presence of convection (heal lransport by alr mattong),
" which bypagseg much of ihe raclative absorplion, What
1 really going on 1s schematically lilustrated In Figure 4.
The surface of the Ea8mh 18 ¢ocled In large measure by
alr currents (In vadous lorms including deep clouds)
which carry heat upwsrd and poleward. One conss-
quence of this picturs 1s thgt it ts the greanhousse gases
well above (he Earh's purtace that are of primary Im-
portance (n determining the lamperaturs ¢! the Earh,

2

This Is especially Important for water vRaour whose
denslly de¢reases by sbout a factor of 100Q baween

ths gurlace and 10 km. Another consagquence is thal

orie cannot aven cal2ulate the lemperatura of the Earih
without models that aceuratsly reproduce {he motions
of the atmasphass l2dged, prasent models have arge
errors heng (erdar 50%) and, net surprisingly, these
modals Are GREBIE 10 carracily caleulale gither the pre-
1ent gveragd tamperature of the Banh or the equator.,
pole temparaiure dlstribution. Rather, the models are
adjusted (or 'tuned’} to gel these quantilies approxi-
mately right.

Having sai¢ all thls, It Is stili of Ingsost o ask whal
we would gxpact & coubiing of €Oy to do. A large num-
ber of calcutationa show that If this s ali that happened,
we might axpect & warming of from 0.5-1.2°C. Tre gen-
aral consensus i§ that such warming would present faw
if any problems, However, aven this prediction s sub-
Ject 1o S0Me uncerainty bécause of the compiicated .
way the gresnhouse eifect aclually eperaies. More Im-
porant, the climate is & complax gystem where It Is Im:
possible for all ether factors ta remain constant.

In present mocels, these othar factors (cemmonly
refarred 1o as feecbacks) act as destatlizing lactors
whigh amplify the e%ects of increasing CO;, leading 1o

predictions of warming In ihe nelghborhood of 4-5°C, - -

The most Imponant of these factors In current climate
madels 1g due to waler vapour, In all currgnt modals,

" upper tropoapheric (5+12 k) water vapour, the major

“glone lo be diminished. -

. suggestions (a8 tha!

gresnhouss Qas, Increases 4s eurfece {emperatures In-
crease, Without this laadback, no current model weuld'
procict warming in excess of |.7°C—regardless of any
other feedback. Urfgrunately, the way thesa factors

(ks glouds gnd walgr vapayr) are handiad In present
modals 16 disturbingly arbllrand In many instances the
underlying physied | BTy nol knewn, In othef In

stances there are identlfiable arrore. Even computatien.
a! errors play a major rela, For sxample, sxlsting
mogale have only 10:20 lavels In the vertioal, which la
inadaquate tor predicting the behavieur of a substance
like water vapeur whish varies immenaely with height,

The dliflculty leads to mode! predictions of negailve

water vapour In some parts of the atmosphere, The ar-
bitrary flling reulines used to correct this obviously un- .
realistio behaviour play a majer tor-
vepour budgets. In fact, there compeling evidenos for .
all the known destabllizing teedBacks In the M
actually be Btabilizing (negative) igedbAaCks ‘
case, we would axpact the reaponse to CO; dcubl}ng.
it ls commonly suggesiad that soclety shauld .pc! de- .
pend on negative feedbacks to apare Us from B 'Green-
nouse catasirophe’. Wha
current models depend heavlly en

adlficlal positive.feedbacksdo prediel high lavelz of.

warminy.

dste
in that -

t'1s omitted from such

TRETeETve leedback from clouds has been -
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racalving the clesest scrutiny, This 15 not unraasarabie.
Cisud cover in models Is poorly treated and Inggrate-
ly predictad. Yel clouds reflect abou(76 wattgper
square meter. Glven that a doubling of CO7 i'éhangs
ihe surlace flux Dy only 2 watls per square meter, i s
avident that a smalt change In cloud cover ¢an glrongly
sHect the response to CO;. The sltuation 18 complicated
by the fact that clouds at high aititudes can also supple-

ment the greennouse effect, indeed, the effects ¢

¢louds In reflecting lignt and In anhancing the green-
house aMactTArE foughly In balamse, Thelr actual eftedt
on olimale depsnds Both o ifie Tesponsa of clouds to
warming, ang on the poesible imbalance o! thelr cooling
and hesting elfects. Similarly, feedbacks Involving the
contriution of snow cover to reflectivity serve, In cur-
rert models, to ampilly warming due to Increasing CO;.
What happens seemé reasonadle enough; warmer cfl
mates prasumably aré associated with 1a38 snow cover
and Jegs reflgctivity — which, In tumn, amplifigs the
warming. However, snow ig_gssnciated with winter
when Inoident sunightd¥ mipimak Moreover, clouds
* “hield the sun from the surface andCminimizg)the re-
+ sponas 1o now gover, indged, thera T growing evl,
. dence that(Clouds accompany diminishing §mow Eoves
i5 such an extent a8 1o UMM feedback negative. I,
howaver, ona asks why current models pradict lgrga
warming will accempany increasing CO, the angwer ¥
. nestly the waler vapour feacback. Currant medels ail
pradict that warmer climates will ba seeomMpanied by in:
oreasing humid lovels. As already noted, thie
. pehaviour Is arkaritact jof the models since they have
nelther tha physics Nor e numerical accuracy 1o ¢eal
with water vapourcRagant EGOTERG! the physics of how
daep clouds meisturize the atmosphers strongly Sug-
gest that this largest of the poallive feedbacks lg not
only negatlve, byl very 18 '

Not enly are thers majer reasens 1o balteve thal
modals are axaggerating the response 1o Increasing
£0Q,, BUY, parhaps even mere gigniticantly, the models’
predictions tor the past century incorractly describe the
pattern of warming and greatly oversstimate it magni-
wda. Figure 5 shows the global average temparaturé
tacord for the past cenlufy of so. The record s irregular
and not withaut protlems. However, It dossd ghow an
average Increase In temparalure of about
0.458°C20,16°C with most of the Increasd ocourdng be-
{ore 1940, foliowed by some cooling through the early
70', and a rapld (but modest) temperaturg incraase In
the late 70's. Now, as we have noted, we have already

ihe basls ot models which pradict

doubling of CO; we might éxpect 10
ready. Howevar, It the delay imposed by the ccsans’
heat capacity 's Includad,
about

4sC\wamning for a

ssen an \ncreasa In ‘eguivalent’ cqi:‘gwa. Thus, on-

19, This Is still twice what has been geen, More-

~ over, most of what has Been eeen occurred belors the

the expeciation Is reguced 1o

ve goen 2°C al-: -

Genesis Strategy BbY _S‘._Schnetdur

bulk of the minar graghhouss §ases were added to the
aimosphers. Figured shows what might have Besn o
pecied for mogels with ditfering gensitivitias t¢ & our
biing of GOz What wasae is that-ihe past record le
mest sélant with an equiliorium: 1o & doubilng of
about 1.3°G 3= agsuming tnat all the abserved warming
was due 1o increasing C€C,. Howaver, thare 18 nolhing
in na record that can ba distinguished from \na natural
veriability of the ciimats. it one congiders the tropics,
\ha gituation (8 aven more disturbing. There g ample
gvidence that the average equatorial 8o surlace has
remalnad within £1°C of ts present temperature for bil-

. liuns of years, yet current madels pradict avarage
‘warming of from 2-4°C even

al the equaior. It should be

noted tnat for much of Ihe canih’'s history, the atme-

sphere had much more ¢0, than Is currantly anticipat-

%d for centuries o coma, One could, In tact, go on for

goma \ima llsting the evidencs for gmall regponses 10 8

doubling of GO, howevar, there Is only limited time.
Surmarlzing the scientfic situation,

iy The data provide no evidence of man induced

glokal warming.

i) The medels (whatgver thalr other sirengths or
weaknesses) are pradicling large global warming for
\caniltiably artificial reasons, '

iy There are substantial reasans for expacting the
responss 1o Increased CO, will, in fa¢t be small.

Tha incraasing acceptance of the above facts has led
tc & peculiar =5 o0 1na Jssue of potential ofimate
'surprisee’, Here, the clalm & ihat gince wa do not under-
stand the ¢limate system, it 18 possiple thal It may re-
spond in ways we currently have no knowledge of If we
sutjact the systam to sirass. This is inceed an unaft:
gwerable argument, The paint, quits gimply, 18 that igno-
rance Is lgnarance. it s containly not a basis tor action. it
it wera, the only loglcal tespanse would be tetal paraly-
5ié, _

Conssnsus and the Current ‘Popular Vialon’

Many studies from the 1gih- Century onwards 81§
gested that Industdal and other contributions to Inaraas:
ing CO3 might lead to giobal warming. Preblems with
suchmpredictlons were alse long noted, and the gen-
aral fallure of such predictions to explsln the- observed
racord caused the fieid of etimatology a8 & whole to re-
gard the suggested mechaniams aé suspect. Indeed:

_the <oag Trene-ol-lhe 50's and 80's led to &
minonglobal cooling hysteriadn the. 70's. All.ihis was
more 0 ebate although the cool- -

ing hystesna had cenaln striking analogués to the pre-
sont warming hysterla ineluging books such 8s The
and Climate Change

B
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o

and World Alfalrs by Criapln Tigkall (both authors are
prominent It support ot the prosant concerns as wall)
‘txplaining’ the problem and promoting Internalional
tegulation, There was aig0 & deok by the prominent scl-
enge writer Lowaell Ponte (The Codling) danding skep-
tics, and noting the Imporiance o agting in the absence
of flem sclentilie founcation. Thers was even & repan by
the National Research Councll of the U.8, Natlonal
Academy of Sciances reaching Its usual amplguous
¢anglusions However, the sclentitic community never
100k (he {8su6 to haan, governmanta ignored If, and
with riaing ginhal femperalures in the lale 70'a the Isaus,
more o lgss died.! In Jhe meaniime, modal caleuialions
~= gspecially al the Geophysical Fiuid Dynamics Labe-
ralory &t Pringefon — ¢ontinyed to predict subsiantial
warming due to increasing CO;, Thase pradictions wera
considered interesting, but largaly academic, exerciess
- gven by the sclentists involved,

The present hystaria formaly began in the summer
ol 1988, Ihough preparationg hag baen put in place &t

lagst three years earlier.2 This was an sspecially warm -

summar In some reglons — cepecially In the Urlted

States. As we noted in the discussion of obsarvations, -

there was an abrupt Ingrease In tamperature in the lale

70's = j00 abrupt 1o ba assccialed with the smopth in: .

crease In GO, Rowwvwr, Tames mansen (Diraglor of
tha Goddard institule for Space Studles), in 1gstimony

' elore Senator Gore's Commilige on Sclencs, Technol

ogy and Spase, sald, in alfect, that he wags §8% cenain .

?\)lhat temperature had Increased, and thal there wag

vVgome greenhouse warming. No statemenl wae meds
goncerning {he ratation betweaen the two,

Desplta the fac! that thase remarks wers viruaily

meaningiecs, they led to the Immediate adoplion of the '

Issue by the environmental advocacy movament, The
growth of gnvironmantal sdveeacy since the 70's hasg
been phenemsnal, In Europe, the movement cenired on
ihe formation of Green Parties: In the Unitad States, the
movement centresd on the deveiopment of large public
" Interest advocacy groupa, These lobbying groups have
budgets In the hundreds of millions of collars, ang em-
ploy abeut 50,000 people; thelr support Is highly valved
© by many political figures. As with-any large group, seli-
. porpslvation becomes a cruclal cancem. 'Global Warm:
ing’ has bacome one of the major battle crias In thelr
 fung ralging efforta. Al the same time, the media un-

. questioningly accept the pronouncements of {hese
- groups 8e objactive iruth, o
- Mowevar, within 1he large scaie climate modeliing

egommunity (a emall subsel of the community Interosted
in ¢iimata),.the Immediale responge was to crilicize -
‘Hansen (o publicly prometing highly uncertain model -
resuils a6 relevant to public pottny. Hansen's motlvation -

was not totally abvious, but thero was clear Involvement

of a Michael Oppenhgimaer (orginally with the Environ- .

memtal Protection Agency and now wilh the En_y\ron-

mental Dafense Fund — an gdvocacy group) who
specitically fundsd the work 1 Goddard institute lor
Space Studies. Dosplle lsm of Hansen, the -
modalfing community’qulckly agreedithat large warming
was not impassible, Wae ST anough for beth the
polticiéns and agvecates who have generally adepted
the paradigm that any hint of envirohmental danger is
suilleiant basis terTagUTITSA unless the hint can be rig-
orously digproved, Thig is a particularly perniclous
asymmetry glven that dgor Is generally Impogsible In
environmentsal sclansea,

Qiher sclantists qulckl{ agreed that with Ingreasing
CO, seme warming might be expedlad, ang with targe -
shough cancentrations of CO,, the werming might be
significant, Neverineless, {here wag widas read scept-
ziam, By early 18889, however, the popuTar medle In Eu-
rope and the US werg declaring that ‘ail soientlats’
agresd that warming was reai ang catasirophic In it8
potentisl, .

Like most sclentists concernad with ¢limats, | was
gager 10 #tay oul of what ssemed ke a public clreud.
Howaver, In Summaer 1988, Lester Lave, Profasscr of
Enonomics al Carnagle-Melien Univarslly, wrote to me
about being dlsmissad from a Sanate hearing for sug-
gesting that the issue of global warming was sclantfl-
cally controversial, | agsured him Ihat the 1seue was not
only controversial but also uniikaly. in Winter 1939,
Raginald Newe!l (Professor of Metacrelagy at MiT) 106t
N$F tunding for data anaiyge thal were faling to show

nat warming ovar the past century, Beviewers sygpest:

.ud_that results were_dangerous je human lg;. In Spring
889, | was an Invited participant &t & glo al warming

symposium ai Tults University. | was the only sclentist
among a panel of environmentalists. Thers were stri-
dent calls for immediata action, and ample axpragsions
of impatience with sclence, Clauding Schnelder (\hen a
¢congrasswoman from Rhode Island) acknowledgad that
‘Seiantiets may gleagres, byl we can hear Mother
Earth, and she Is erying.' It gesmed sigar to me that a
yery dangerous $ituation was arlsing, and the danger
was not of ‘global warming’ iaelt, -

in spring of 1989, ! prepared & critique of global -
warming which | submitted to Bclence (a magazine of
the American Agsociation for the Advancemant of Sde
gnce). Il was rgjected without review as velng of no In:
tgrest lo the rsadershlp, The paper was rosu mitted
the Suletin &f ths American Meteorological Soclety

i where )t was accepted aflac (eview, resreviewed and re-

accepted (af unusual procedure 1o say the least). Inthe- -
meantime, the paper was aitacked In Sclence = prior
10 publication (In 1990}, The paper reulated tor about

& months as. Semizcat, [t was dellverad at a Humbolat-

Gonlarence &t MIT, gnd reprinted in the Franklurter All-
gemsine. o - o

" in the. meantimg, the. global warming ¢lrous was in
full swing. Mestings were golng en non-stop. One of the".
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moré siriking of thase mestings was hostsed in Summer
1936 by Robert Radfary &l his ranen (n Sundance,
Utah, Redford proclaimed thal it was time 10 stop re-

Search and begin acting. | SURPOs that this was a rea.

sonable suggestion for an astor 10 make, but It is alsg
ingdicative of tha overall aitlude to sclence. Barbara
Strelsand personally undenaok g supper the rassarch
of Michael Oppenneimer at the Environmental Defense
Fund . gven theugh he Is g full-time acvecale, and not a
climataiogiat. Mery! Stroap mads a public appeal 1o
20D warming on Publio Television, A bill was aven pre.
Parad 1o guarantas Amaerloans a stabls ¢limate,

By autumn of 19as $ome media wara becoming
Sware that thers wae controversy (Forbes, and Readsrs
Digest wers notabls in this regard), Cries follewad from
anvirenmentalists that $eoplics wers receiving too mueh
©xposure. The publication of My paper was followed by
a determined eflort an the Pan of tha adilor of the Byl
letin of the Amaerican Metscrologleal Society, Richary
Haligren, 1o sollelt rebuttals. Such articles were pre-
' 'pared by Steghen Schneider, ang Wil Kellogg {2 minor
- gcientific administrator (or the lagt 30 years), and these
articles were followed Dy an active eQorrespondence
mRsily suppodive of the akeptical spactrum of vigws. In-
dead, & recent Gailup Poif of ¢limate scigntists (In the
Amarican Metasrological Soclety and In the American
Geophysical URion) shows thal a vast malority doubt
.. that thers has been any identifiable man-causeq warm-

N9 to date (46% asserted no, 33% didn't know, 18%
ANought yes soms hag ocCurred; howevar, among Ihoge
actively involved In ressarch and publisning fraguently
In peer-reviewed research journals, 0% bellgve any
\Man-caused global warming has ceeurred go far.). On
J\he whelg, the debats within the meteorological commy-
nity has been relatively healthy and, in thig '8Qard, un-
usval, :

Qutside the world of meteorology, Jaremy Legsett (a
Qealogist by training) of Greenseacs published & book
altacking critics of warming — especiaily me, Senator

- Mitchen (Senate majority leader, and father of a prori
hent environmental dotivist) aiso publishad a Rook urg-
Ing ’eceptance of the warming problsm (World on Pire:
Saving an Endangered Earth). Senater Gore has [ust
Published a boek (Eanh in the Balance: Ecology and
the Human Spin), and this bargly seratohes the surface
of the rapidly grewing publications on this tople. Rarely
has such meagre sciance provoked such an oulpourng
o populadzation by Individuals whe do not understand
the subject In the firet place,

The activities of g particular.organization, the Union
of Congernad Sctentiets, desarves special mention,

This widely supported ¢rganizatien was originally devot. .
&d to nuclear disarmament. With the spindown of the .

.- Cold War, it began to actively OPPoss nuclear power
geheratlon, This postion was unpepular with many
PPysicisty. Over the lust faw y9ars, it has tWrned {o. the

Rattle agaimat global warming In & particularly hystarical
manner. In 1688, it began to cirovlate a petition urging
recognilion of global warming as pelantially the great
danger 1o mankind. Most reciplents who did pot sign
were solicited at leas! twice more. The petition wag -

eventually signed by 700 sclantists fnciuding a great
many mambers of the Natiengl Academy of Sclences
and Nobel Laureatss. Only akout 3 or 4 o/ ihe signers,
however, had any Invelvement In climatolegy, interast.
ingly, the petition had two pages, and on the gecond

Page there was a call for renewed censideration of nu-

clear powar, Howaver, when the petition was publishad _
In the New York Times, the second page was omitted.
In any event, this documeni heiped solidity the public
perception thal ‘all scientlgts’ agread with the disaster
scenario. This disturbing abuse of sclentifio authonty -
was not unnoliced. Frank Praas (President of the Na..
tloral Acadermy of Sciences), af the 1980 annual maats
ing of the Academy, wareg ihe membership againg
lending their eredivillty 1o Issuss about whish they had
Ro apecial knowledge. Special refarance Was made to
the arove petition, In My epinien, what the petition did -
8how was that the need to fight ‘global werming' has
bacome pant of the dogma ¢f the Nberal consclance —
R dogma to which sclentsts are net Immune,

At the éame time, politica) prassures on digsldents
from the 'popular vislon' increased, Senator Gere pub-
lely admonished 'sceptics’ In langthy New York Times
Op-8d plece. (In a perveres axample of double-speak,
he agsociated the 'rue boligvere’ in warming with
Sailleo, Hs algo reforred, In another article, to the sums
mer of 1988 as the Kristalinacht befers the warming
holoesust.) _

The notien of ‘sclentilic unanimity’ is currently int-
mately tied to the Working Group | report of the Inter-
governmental Panel on Climats Change lssuad in
September 1990, This pane! conslsts largely of selen.
lisls posted e It by.government agencies. The pane!
has thrae working yroups. Werking Group | nominally
gsals with climate sciencs, Approximately 150 soten-
tists centributed o {he ropon, but university represents. -
tion from Ihe US was relatively smail. This Is likely to
remain 8o, §inges the funds and tima needed for panicl-
pation are not avaiiable to most university sclentists,
Many governments have agresd to use this report as
the awthoritative basls for simate policy. The rapon, as
such, has bath positive and negative featurss, Maethad.
dlogleally, the report Is deeply committed ta reflance on
large models, and, within thia repen, models are largely .-

verilied by comparigon with othar models. Givena that
models are known o agree more with 8ach other than

with nature (aven afler wning’), this approach does not

‘&eem promising. In- addition,. @ numiser f the arllch

PN have tgstmsd o the prassures placed on themty =~
emphasi2e 18 sUppertive of the curremt soenaro .

" 8hd 'w_aupﬁess_ other resu!ts.__'rhis'.pra.ssura.-.wg.s fra-

-
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quently effective, and a eurvey of paricipama rovedie
substantial disagraament with the linal report. Nonalhe-
lg8s, the body of \he repont is exiremely ambiguous,
and \he caveals ara numerous. However, the repont is
prefaced by & Policymakers Summary written by the
editer, Sir John Houghton, Diraclor of the Unlted King-
som Meteorological Otfice. This summary largely Ig-
‘neres the ungenainty in the repart, and attempts to
. pregent tha expectation of substantial warming as firmly
based selence.d The Summary Is published 25 @ sepa-
rale documant, and, It is sate 1o a8y, that policymakers
are unikely 1o read anything furiner. On the basts ol the
gummary, one frequently hears that hundreds of the
werlds grealest climate scigntisls from dozens of coun-.

trigs alt agreed that ... It hardly matlers what the agree--

ment refers to, singe whoever refes to the summary
Ingisis W agrees with the most gxirems scanarios
(which, [n ail tairmess, it does nat), It shouid be sdded
14t the climatelogy community, until the last faw years,
was guite small ang heavily concentrated In the US and
Europa.

‘White the IPCC reports were It preparation, the Na-
iional Research Council In the United States was com-
missionad o prapare & synthesls of the current state of
the global change situation. Tha panal chosen was
Rardly promising, |t hacd no members of the Natienal
Academy exper In climate, Indeed It had only ong 8¢l
entist directly Involved in ciimata, Stephen S¢hnelder,
who 1s an ardent advocate. It alse Includad 3 profes-

‘glonal -environmental advecaias, and it was headed by

a former senalor, Dan Evans. It ghould be added thal
the panai did includs distinguished sclantisis and
- sconomists outside the ares of cllmate, and, perhaps
because of lhis, the raport Issued by the panel was hy
and 'arge fair. Thelr report concluded that the seleniific
basis (or oost lion wag absen}, though prudence
might Indlcate that aofions that were ¢heap and/or
worth gaing anyway should be congidared. A subcom-
miltee of Ihe panel Issuad a report on adaptation which
argued that even with the more saverg wauming scanar
‘0g, the United States would have fittle dificulty adapl
©ang. Not surprigingly, the environmaentalists on the pane!
not enly strongly Influgnced the reports, bul falling to
completely have thal way, they attempted to dislance
(nemsafves from the repons by sither resigning of by 18-

sulfia minarity dissents. Equally unsurprising is the fact. '
that the reports of this panel were typically coverad on -

-page 48 of the New York Times, &nd never subss-
quently discussed In the popular media—axcept 10

. "elaim that the repods suppor! the calastiophic vigion.

" Nevarfiheless, the reponts of this panel wers Indicalive

" + o of the growing scepticlsm conceming \his igsue.. . -
Indeed. the growing scepliclem & In many way$ ré-

‘markable. One of lhe-sarllast protagonists of globel
warming, Roger Revells (lale- Prolessor ol Ocean S¢-
gnces at Saripps Institution of Oceancgrapny), whe Inill:

ated the direst monttoring of CO, during the Intars
nallonal Gasphysicst Year (1658), coauthered (with 8.
Ered Singar and Ghauncy Stam) & paper just belore his
death recommending that aclion congerning global
waming be delayed insoler es currenl knowledge was
totally inadeguats. Aneiner active gdvecats of global
warming, Michee! McElray (Head ol the Department of
Earih and Planelary Selances at Marvard) has recently
writlen & paper acknowiedging thal existing models
cannct be usad lo leracast cimate.

One might think that this growing scapliclsm would
‘have some (nfluence on publle debule, bul the insig-
tence on 'sclentific unamimity' continues unabated. A!
fimag, thig Insistence tRkes some vary strange forms.
Over & year ago, Robert White lformer head of tha
Weather Bureau In the Uniled States, and currently
president of the Natlona! Academy af Englneering)
wrote an aricle for Scientiiic Amedcan pointing out that
the questionable scientific basis fof globat wamming prée
dictions was totally Inadequala to jusiily any oostly ag-
tions, He dld state that Il one were 1o Insist on doing
something, one should enly do things {nal one woukl do
aven Il thare wers no warming threal. Immediately after
inis arlicle appedrad, Tom Wicker (a colurnnist for the
New York Timae, and & confidant of Senater Qere)
wiote & pigce In which he stated thal Whita had ¢alled
ior Immediate action of ‘global warning', My own 8xpe-
Aences have been similar. Stepheh Schneidet, n an ar
ticle In Auduben statas that | have iconceded thal some
warming now appears Insvitable’, Dittarances betwasen
sxpeciations of unmeasurable changes of 4 few tanths
of & degrse and warming ol saveral dagrees are conve-
nlently lgnored, Karen Whits in & lengthy and lau. very
aricle on James Hansen which appetrad in the New
York Times Sunday Meagazine reporied that even |
agresd \nal there would be. warming, having reluctantly
olfered an setimats of 1.2 degrees’. This was, of
goursa, untrud, Most recently, | 1gaiified at & Senste
hearing conducted by Senater Gor. Thers was a
rather arcane discussion of the walef vapour budgst of
‘the upper troposphars ~5-12 k), Two yaars 4g9, | had
pointed out that If tha source of water vapour in this re-
gion In the tropics were delrained walar vapour from
desp tlouds, then gurtace warming would be accompa::
nied by reduced upper leval watsr vapour. In subde:
quent regearch [t has been ostabiished that there must -
‘be &n additional source which ls widely beflaved to be
les cryslals thrown off by thase deep clovds. | noted

that this soured 100 Erobgbly actg io praduce lesy mols.
wure in. g warmer stATGspieTe. Bolh progesses cause

“\he major feecback procass i become nagative rather

“than posilive; Senalor Gore wanted 10 know If | new ra- - -
jacted my suggestion of 2 years agd 48 & malor factar. | -
answarad that | did.4 Sanator Gore then called for the -

recording secretary o note that { hag retragted my ob-

fections 1o ‘glodal warming', There foliowed congldes
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able argument (Involving mastly other participants in the
heanng) in which it wag explainad to Ihe ganator that he
was confusing mallers. Mowever, shenly theraaller
Tom Wickar published an anticle In ihg Naw York Times
$laiming that { had retracted my epposition to warming
and that this warranted immediate action to curb the
rurponed menace. | wrate a fetter (9 the Times Indlcat.
ng that my position had been sevarely misrepresentse,

.and, after a delay of over a menth, my letier was pub-.
llsfed. Senater Gera, noneikelass olaims In his boek
that | have Indasd retracled my scientifio objections o
the catasirophic waming scenaris, Bnd also warnsg oth-
918 wha doubt the scenario that they are huring hu-
manity.

_ Why, one might wonder, is there auch Insistence on
sctentific unanimity on this lesue, After all, ynanimity in
sclence I8 vinuglly nos-existent on far less complex
matters, Unamimily on an lgsue ag uncertain a2 'global
warming' would be surprising and suapliclous. More-
over, why are the epinions of sclentiste sought regard:
less of thelir field of expertise? Blologials and physicians
are rarely asked 1o endorse gome thaery In high snergy
physics. Apparently when one gomes to ‘globai warm.
Ing* any scientist's agreement will do 8

The answar aimost cenainly fies In politics. For ex-
ample, this coming June at the Earth Summit in Rig, al-
tempts will be made o negotiate International ¢arben
emiggion agraemenls. The polential costs and implica-

. tions of such agreements are ltkely to te prefound for

both Imgustrial and developing countries, Uncer the ¢lr-
cumstances, it would be very risky for pofiticiang to un-
dertake such agrasmaents unigss scleniiste insletad’.
Navertheless, the situation is probably & goed deal
more compticated than this example suggests.

The Tempiation and Probisms of ‘Global
Warming'

As Aaron Wildaveky (Professor of Pelitical Science
at Barkelay) has quipped, ‘plobal warming' Is the moth-
or &! all anvironmaental scargs. Wildaveky's view is
wonh quoting. “Warming (and warming alons), through
its primary antidote of wiingrawing carbon from produc:
fion and coneumption, 1s capable of realizing the envi-
ronmentalist's dream of an egalitanan eoclety basad.on
rejection of ecanomic growth In faver of a smaller popu-
lalien eating lowar on the foed chain, cansuming a ot
less, and sharing a much lower level of rassurces much
_.more équally”, In many ways, Widaveky's cbservation
does not go far enough. The point 18 that carben dloxide

Is.vitally central to Industry, transportation, modern iife,

~and. lite-In general. It has been joked that CO, controls
will permit us to Inhale a3 much as we wish; only exhea!-
Ing will be contralled. Tha remarkable ceniralily ¢f car-

bon dloxide, maans that dealing with the 1hreal of .

warming fit (n with g graat varlety of pre-axlsling agen-

das — $ome Iggitimate, some lees 0! energy afficlan.
¢y, raduced dependence on middle eastarn eil, dissatls-
taction with Industrial seclely (nea-pastorailsm),
intgrnational competition, govarnmentsl deslres for en-
hanced revenues (carbon taxed), bureaucratlc desires
for anhances power. : o

The very scals of the problem as popularly por
trayed and the maselvg s0ale of the suggested
gponses have thair own appeal. The Working Greup |
raport of the Intgrgoveramental Panel on Climate

Change suggested. for example, that 80% reductionsin

GQ; emissions might be neaded. Such & reduction
would call for measuras that would be grealar than
nose that have been deveted to war and defense. And
just a8 defense has dealt with saving ones natlon, curbs
ing ‘global warming' i Identified with saving the whole
planet! it may not be fortuiteus that this tesus ¢ deing

promoted &t Just the memant in histery when the Celd

War is ending. :
Major agéncles in the United States, hitherto closely
involvad with traditional approaches 1o matlonal secunty

have appropriated the issue of climale change to sup-

port existing efforts. Notable among these agencies 2re
NASA, the Department of Defensa, and the Depanment
of Energy. The Cold War helped spawn a large body of
policy experts, diplomald, etc. spaciali2ing In issues ke

disarmament, alianas negotiations, 91¢. In acditlon,

since the Yom Kippur War, engrgy has becoms a major
cemponent of hatlonal securlty with the concomitant cre-
ation of @ large cacdre of energy exparis. Many of {hese
individuals ee In Ihe global change 1ssue an ared in

which 1o continue apolying thalr skills. Many scientlsls -

aigo fegl that natienal security conearns formed the foun-
dation for the US government's ganerous suppon of sk
ence, Ag the urgency of national security, traditlonally
dalined, diminighes, ihére is a common feeling that &
substitute foundatien must be estabiished. ~Baving the
Planel’ has the right sort of sound to f. | have aiready
mentioned the phenomenal growih of the anviranmentai
scvooasy movement. it seems that fund relaing has be-

come cantral to thalr activities, and the meseage underly-

ing some of their fund ralsing seems to be ‘pay us or
yeu'll fry', '

Clearly, 'giobal warming’ (s & templing Isaue for '

many very Imponant groups 10 exploit, Equally clearly,
thaugh ‘ar less Trequently dlscuseed, there are profound

dangers In exploiting this Issue. As we will also sse,

thers arg pood reasens why there has been 80 iitle dig-

cussion of the downside of responding ‘to 'qloba! warme .

Ing.‘ . . .
Le! me begin with & parochial lesus. namely, the

dangar 1o the sclence of ciimatology: As far as 1 can tell, - o
. there has aclually been reduced lunding for gxlsiing ol- o
male research, This may seem paradoxical, bul; at

least In the U8, the vasily increased Rumber of ecien-

ists, #l¢: Invoiving themselves In climate as well u_-the

. .
. .
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gigantic programs attaghing themselvas to ¢limale have
sutstantially outstripped the Increases In tunding. Per:
/naps more impontant are the pressures being brought to
bedr on sclentists to get the Tight' results. Such pras-

. gures are Inevitable, glven how far out on & fimb much

of the scientific communlty has gene, The situation is
¢ompaunded by the facl that some of the stronges! pre:
ponenis of 'global wamming' in congress ate alse among
the maljor aupponers of science (Senater Qore Is no-
labig amang these), Finally, giver: the momentum thal
has been bullding up among 66 Many Interes! growps to
fight' 'global warming', it Bacomes downright ambar.
rassing to support basia climate rgsearch, AHer all, one
would hate to admit that one had moblilzed so marny re-
sources wiltheul tne tasic science Delng In place, Nav-
snhelass, oiven ihe large Ingredse In the number of
people associating themsealves with climatoiogy, and
the depe g of much of thig community on the per-
ceived fhreat of warming, ¥ seems wnilkeiy that the sci-
aniifie semmunity will oifer much resistance. It sheulc
be added that as ever grealer numbers of Individuals
attach themseives Lo this problem, the pressures
againgt solving (he probiam grow proportionally; oo
many individuals and groups depénd on the problem re-
maining. '

in addition to cimatologlsts, are there other groups
that are at risk? Here, one might axpact that industry
eculd be vulnersble, ang, Indesd, It may be. However,
at least in the US, Indusiries seem (o be primarlly cqn-

wmm Qne way they
Alsmpl lo do this i by supporiing snvironmental ac-
fivigls, Morgover, some [ndusiries have become guc-
ecosslvl al profiting from envirpnmamtal ragulation. The

 most obvious example Is tha waste management (ndus-

try. Howaver, even gléciric Lty companies have béen
tble to use anvironmental measuras to Increase the
base on which (heir regulatad profite are ¢aiculaied. itis
worth noting that about 1.7 Itlilion doilars have baen
spent on (he envirenment over the past decade, The
gnvironment, itselt, quafiies as ane of our major indus:
{rles. . : .

It Wiidavsky's scenario is corract, the major lasers
will b9 ordinary peopis. Wealth will be squandered that
couic have been used to ralse lving standards in mueh
of the werld. Living standards In the developed world
will decrease. Regulatory apparatuses will resirict indl-
vidua! irgedam on an unpracedenied scale. Here |20,
howgver, ene cannol expeot much reslslance lo pro-

1o the gresnhouse sifecl. Publio mispercepticns cou
piad with & sincers deslra (0 'save the planet’ can foree
political action even when paltiicians are aware of the
taality, -
Whal the above amounts 10 18 & sccistal instabifity.
Al a particular point In history, 4 relatively minor sugr
gestion or event serves 10 mobliize magkive intarests,
Whilg the proposed measures may e detrimental, re-
sisiance 1s largely abwent or coopted. In the oase of cli-
mate change, the tact that the propesed actlons will, tor
the most pan, have fittie impact on ¢limate regarciess of
the scanarle ehosen, eppears 1¢ be of ne consequencs. -
Such sooietal instabliities are, by no Means, un-
heard of. Unforunately, the best example, In my opin-
ien, ls rather axtreme. 't 18 the atan of the First Worid
War. Herg 100, & relalively miner Incldent in Sarajeve
16d 10 the coalascanca of a variely of narrow Interests o
impodant groups. The momenium of the actions ¢ou

p—— —————

pled with hysiera ¢var natlonal security and interesis .

overwhelmed any ratlonal opposition. A particylarly

poignant image ls that of 8¢ciailst partamentarlans fer-
vently voling war credith and rughing 16 the front — ge-
spite earliar protesiations (hat tne werking people of the
worid wers unitad Inihelr oppasition to war.

Modeling and Socletal Inetabliity

So far | have emphaslzed the polticsl elements in
the curtent climate hysteria. There ¢an Ge no question,
however, thal scientisis are abetting this shuation. Con-
cerns about funding have glready been mentioned.
*het0 18, howaver, anolher, perhaps more Important ¢!-
ement, 1o the solantiic suppen. The existence &f mod-
arn computing powar has led 1o Innumarable modelling
efforts in many llalds, Supsrcompulars nave allowsd us
to consider the behaviour of systams sgemingly (0o

complex for other approaches. Ong of thess sysiems Is

cliraate. Not surprisingly, thers are many problems in-
voived In modsliing climata (or the economy or soclaty
or .energy, ote.}, Among the problems tacing climats
modelers are the following: _

"4, Even supercomputars are inadeguate 1o allow
long term Integrations of 1he relevani squations al ade-.
quate spatlal resolutions. At presanily avaliable resolu:

tlons, It Is unlikely that the eomputer solutions are close -

{0 the solutions of the underlying pquatiens.

-t

posed Retlons — at least not Inltially, Public percep- "+ 2.7Tha phyalcs of unresclved phenomena itk °‘°“"5)v‘
lond. under the Influenca of exiensive, decaptive, and - and sthar turbulent eiements s not understaod to th
enassided publicity, can bacome disconnsctad from re«  exiant neaded (¢ incorperation Inte modsls. - -

ality.® For axampie, the siate of Alabama has had ' B S
proncunced cooling trend since 1835, Nevertheless, a
‘poil among professionals In Alabama found that about
85% of {ha participanis belleved It had been warming:
over tha past 80 years, and that the warming was due

’a

In view of these prodlams, lt'!:ggln_.ﬂﬂyrimnmd )
~ {hat modals are at prasent experinfental \ools whose - . - -
_auan 1o the real world Js sueationahle. As we have al- .-

ready hotad, ne current large model oan, from first
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prnciples, account for tha averaQs temperature of the
earih of Its equatonpole tempgrature distribution wilh:
out \ﬁ&m acjusiments referrad to a8 ‘tuning’

I8 there Is nothing wreng In playing with these

models In an axpermental mode, there I8 a real dilem-

_ma when such madels pradiet potentially dangerous g
- umtions. Sheuld scientista publicise sueh predictions
““since the rg alm Inty wrona? ls it prop-
¢F lo not Publicize the pradictions It the predicted dan-
ger 18 serious? How 1§ the public to respond to such
predictions? The dilficulty would be diminished It the
public undetstood how poor the mociels actually are.
Unfortunately, there Is a tendency to held in awe any-
thing which emergas from a sufficlently large computé’.
Thers 's Ale0 a reluctance on the part of many mod-
ollgrs to admit to the experimantal nature of thelr mod-
818 108t public suppart tor thelr etforts diminigh.
Nevarheless, with paor and uncertaln models in wide
usa, pracicticns ol omineus sitJatlions are yirtually in
svltable—regargless of really.

Buch weak predictions feed and coniribute to what |
have aiready described as a sociatal Instability which
can cascade the most questionable suggestions ol dan-
ger Into majer pelitical responses with massive eco-
nomie and soclal conseguances, | have airaacy
discusaed some of the reasons lar this instatiity: the
exislence of large cadres of professional planners iook-
Ing for werk, the exlstance of advecacy Qroups looking
for profitgabla causes, the gxiatance of agendas in

| search of salesble ralionales, the abllity of many Indus-
U {ries to actually profit from regulation, elc., couplad with
 an effactiva neutralization ot oppesilion. It goes aimost
li without sayicg, thal tha dangars and costs of these eco-
nomi¢ and so¢iai consaquences may be far greater
- than the original environmantal danger. This becommes
especially \rue when the benelis of additional knowl-
edge are rejected, snd when it 1s forgatten that im-
proved technology and increasec societal weaith ars
what allow gociely 1o deal with environmental threats
\ most effectively. The centrol of this socletal instabllity
| may very well be the real challenga lacing us.

rootnotes

1 It 8 nonetheless worth noting that the last 700,060

yeard have begn characterized by lengthy periods of

. .glaciation Interspersed by relatively brief Interglacials

~ such as our presant cimats, Presumably, we wiil
have another lce age In a féw thousand yeass.

2 In 8 peper In Sciance in 1985, far exampis, Jim

i Hansen was already anguing that 8 'wait and 948’ 3t
: . fltude concerning warming was Inappropriate be-

causa of (he ocean delay. He suggested that

9

hocause of ocean dalay, we ward already ‘tommit-
1ed’ to substantial warming aven theugh we migh!
not see It for over & hundred years.

The recenlly relsased update fe ihe IPCQ teport con-

linues the tradition ¢f sophistry. The updatad sum-
mary beglins "Findings of gelantific research since

1960 @0 not aftect our fundamental undarstanding of
the sclence of the greenhouse effect and aither con:
firm or do not justily alteration of the majer conchl -
sions of the first IPCC Sciantific Assessmant, in
particular the following:”. Théré then follows & fist of -
the more (nnecusus conclugions of the flrst ragérn
("the &ize of the warming I8 braadly (amphasls
added) conglatent withpregictions of climate mede!s,
but it 18 also of the same magnitude as natural ¢cll-
mate vanablllty”, there are many uncentainties in eur
predictions particularly with regard to the timing.
magnitice, and regienal patierns of cimale change
due o out Incomplete understanding’), followed by

the change of a majer earler ‘conainty’, the positive |

waler vapour faedback, to.a matier ol uncertainty,
and a number of cthar ratractions 49 wall. -

The issue of desp ¢louds (Cumulonimbus towers)
and waler vepour 13, | have noted, rathér technical.
Thesa lowers 8re tha maln mechanism for surface
alr to communicats with the Interlor atmosphere.

. Mglst air riges In thege lowers. AS this alt t18é8 to lay-

/s of lowar pressure, It expands and ¢ools (a8 doas
refrigerator ceolant). As ait cocly, its capaclty to hold
walar vagour giminishes. The exgess walér vapour
condenses Into liquid water of Ic8 (depending on the
temperature). In the simplest modais af eumulonim:
bus tewers, all the condensed vapaur fallg out as
rain. wnen {he cloud reaches s top altitugs (In thig
simple medel), it merges into the atmosphere &s sat-
yrated (100% ralalive humidity) alr at the cloud top
tenperature, Our eriginal peint wag that as the sur
tace warmed, tloud gir would be more buoyant, and
wouid raach hionar top lavals where ithe &ir would be
colder and thus holtl less waler vapour. Hencs, the
supply of water vapour 1o the Interior aimosphers
would be diminished In & warmer ciimate, Mowevél,
since water vapour ¢ the main greenhouss gas In
the atmosphars, (N reduction wauld act 1o regtrain
the warming — l.e., provide & negative feedback. We
then undertook fwo studies to check these igeas. In
the flrst, we used seme data from ihe last major
glaclal perfod (18,000 years 8g0) to sep whethar 1he
colder atmosphars of those limes pad more water .

vapour. Our study showed thal almost centainly it dldc -
+ thus confirming the notion of &.negative

Our first study dig not, howaver, teil Us what mecha-
nlsm was.gelually responsidis for he nega Ive feed-
back. Our secend sludy u.nden'ook fo exa ina the

Cy .

edback. - .
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simaosphera’s waler vapour budget I greater detail
Herg we discovered that our orlginal mechanism hid
& significant problem. Saturated air frem cloud taps
congliiuted too smail a source fo mainiain pragent
lgvels of humidity. The problem, It lurned oul, was
aur assumption that all condensed waier vapour in
the cloud fall cut &s rain. Significant amounts are, In
fact, carried alott in the cleud and thrown out into the
almagphare mainiy 88 lce crysials (leading 1o exten-
aive tlrrus clowd cover). The main seurcs of walar
vapour for the atmespheia pLoves e be falling
droplets and Ice ¢rystals which re-@vapourate Intothe
environment. What causes & cloud to loft morg watér
aubstancd Is not totally well known, but it appaars o
beé related (nol surpdsingly) to how tast cloud alr 1
rising. Our first atucy oid. in fact, show why clovd air
wauld rise faster in & colder cilmate. The resulls of
the first study will appasr in the Jeurnal of Climate,

The results of the $¢¢and study have been submitted

for publication In the Journal of the Atmospheric Sc!-
enoes. Betl papers were coduthored with student,
- De-Zherg Sun.

5 In viaw of the previously mentlonad dallup Poll, pet-
haps the agreemsnt @l scigntists outside ol the almo-
spheric aclences is needed. Unlertunately, @ number
of stucles show that sclentists cutside of  given dis-
cipling are (with respect to that discipling) more infiu-
enced by lhe medla than by INg sclentific literature.
This Influence 1§ panicularly sirong when the media
preclaim that ‘all seienlists’ agree. Therg 18 & nalural
inglinatlan lo support 0nes padrs.

& The favor of much of the journaligtic coverage of the
environment lg givan by the following quele from
Taya Ryan, senior procucer of Tumer telavision’s
"Nétwork Earth” and vice president of the Socisty of
Brvirenmental Journailsts: ¥} think the gnvironment
“may be the one srea whore you can s&y advocacy
Jeurnaliam 13 appropriate, Indeed vital,...Al gome
peint balancad journallsm simply does nol give them
ihe answers, It gives them lssues... Now does seem
1 ba the time for rathinking seme ol our Jeurnaiistic
cancns, The balancad’ repon, In some cases, may
no longer.be the mest effgctive, of even the most in-

lormative. Indeec, it can be debilaling. Can we af-

ford to wait for eur audience 10 come 10 3
... genglusiona? | think not.” :

Figure Legends

Figure 1, Atmospharic GO, Inoreass in the past 250

years, as Indicated by measyrements on alr trapped I
loa irom Sipla Station, Antaretica (squires) and by di-

recl Birmospharie measurements at Mauna Loa, Hawall

10

(iriangies). (From Climate Change, The IPFCC Sﬁentltié
Assessmant, 1980, |

Figure 2, Expeciad S0, in the simespherg ascoring o
various emiseions scenarids, (From Max Planck
Qaselischall, Hamburg.) o

Figure 3. Simpiitied schamatic of the greanhouss warm-
Ing process. (From Climate Chang#, Tha IPCC Sclantif-
Ic Agsesament, 1880.) '

Figure 4, Schematis liustration of the role of cynamic
heal trangpan In meditylng graanhouss warming.

Figure 5 Combinag fand alr and §68 eurtace lempera-
tures, $861-1589, refative 1€ 1954=1580. {a) Nerhamn
Hemisphere, {b) Southern Hemisphere, (6) Globe.,
(From Climate Changs, he IPCO 8clentific Assass-
ment, 1880.)

Figure 8. Qbserved wehaviour of globally avsraged lem-
peratyres since 18660, as well a6 expected behaviour
from models whose equiliatum respense to a deubling
of GOy (ATa,) Is Indigated 6n the Gurves. (From Cllmate
Ghange, The IPGC Scientific Agsessmant, 1960
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infrared opacity is greatest
at the ground over the tropics,
and diminishes as one goes
Air currents bodily canry hegat

1o regions of diminished infrg.

-'mdomjtymethemmtis
latﬁaiedtospace-_balandng

. fepres_ents reduced opacity
~due to diminishing water
vapor density.
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~ ‘RoadtoRio’

S ) ’ . _ . ) .
»:The White House photo-opportunity staff fell

down on the job yesterday by not having Bob
Hope and Dorothy Lamour on hand when Presi-

dent Bush announced that he was going to Rio de

Janeiro next month for the Earth Summit.
- *Hope and Lamour, along with Bing Crosby,
starred in “Road to Rio,” and the Earth Summit is
certain to be no more substantial than that old-
movie favorite in which plot (i.e., substance) took a
back seat to zany comedy and sunny romance.

In fact, Bush is only going to Rio because by

~ his stubborn refusal to support legally-binding lim- -

{ts-on emissions of global warming gases, he has
ensured the world that the Earth Summit will be

little more than a sun-filled photo-opportunity. . : -
- * Up until last week, Bush’s advisers had been -
concerned that he might have found himself at Rio -
-weak accord may stand as one of the most destrue- -

i:@’-t.he embarrassing position of opposing an inter-
national global-warming treaty which the other
heads of state were thers to sign, . _—

TR

But by the use of stil-unrevealed pressures, E
the US negotiators last week won approval from-
other industrial countres for an agreement which
requires nations merely to “assess” their level of 1
global-warming emissions. The accord they have |
agreed to does not require any specific. action to |
curb those emissions, ' SR

The text of the accord is filled with “shoulds” -
and “woulds” which qualify virtually every stafe-
ment about actions necessary to control global .
warming. In referring to an actual cap on emis-
sions, the draft text proclaims that a cap ‘“would be
an appropriate signal by developed countries.” A |
signal, apparently, that the developed countries, J
led by the US, are more interested in photo-ops in |
Rio than forcefsl actions at home: - - : l

* Bush's pressure on other nations to Acééﬁt the |
tive acts of his presidency. His decision to go to the .
summit will stand as one of lts most cynical acts. : :



