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Global Warming; the 
Origin and Nature of 
Alleged Scientific 
Consensus 

Richard S. Lindzen 
Sloan Prof of MeUorolcg^ 
MassiichusHU ImtiiuU of Technology, 

Introduction 

Most of the literate world today rsflarda 'ol̂ bai 
^ T l ^ l d a n g e r o u / i n d e a c i h/i^^o matfo jc IVIty concerning m i3$ue would have one be. 

The fonhcoming environmental cor̂ ference (Earth Sum-
mlt) in R,o will focus on intsrnafional agroements lo 
dea w,jMhis threat, and the heads of state rem 
J t l J.K ' T ^ ' ^ n attend, I mu^ 
Stf.ll HS set that, as a scientist, I can find no tub' 
T t . l t ' u "^''"^'"S belnc popular. 

J' *<̂ c'>''d!nfi tc many aujdfes I 
havf «ad by aconomists, icronomists, and hydrolo 
Si i , i l * [n. ' ' ' ' '^^* '̂ ""l̂ '̂̂ y adapting riSch 
lion Of a recant National Research Council report on 

L' ^'J'^l' ''''"se.) Many aspwta of the catas-
usphe acanarfo have already been lergaty discounted 

s ve sea level Increases accompanfed many of the earlv 
discuaalona of Blobal warming, but these a tirnatas 
have been ateadfiy reduced b^rders o maBnS 
.r^ now It Is widely agreed lhat'aven the p o S K 
^ami«3K' . r " " ' "» rise would be ewamped by other more important factors 

How (£d this peculiar situation arise? Although my 
ecture wl»l focus on global warml.ig. wher̂  have D?r̂  
T S i f l T i Pĥ n̂ '̂̂ enon.'̂ hai t w I de cribe 
L l ? l J } ^ ""̂ ^̂  happening with respect to many 
other envfronmentat 'crises' including ozone depletion 

— ^ -1 
sdd rain diminishing species diversity and oontamlna-
ion by PCB'5, dfoxin. asbestos and lead, f5eveS,s 
there are differences as well - at î ast In scale ' 

Se'ofe I continue, It will be esaentlalto briefly rev N 
the lolenoe aeeociated with the prediction of clobal 
thSJ?.®'*^'^!^^' underaland why I atate 
that there a no substantive basis for prediction* of ii'e' 
able gtobal warming due to observed Increases In minor 
Oreenhouse gases like COj, methane, and chloroflucro-
cartsons, 

Summary of Scientific issues 

discussing 'greenhouse theo '̂, it may 
be helpful to begin with the issue that is almost always 
taken as a given; namely, that COj will Inevitably in-
crease to values double and even quadruple present 
iT^^on^^'^'i 1 behaviour Of CO, since 
about 1800. Before 1953. the record H biied on the 
enalyBifl 01 Ice cores. After 1958, It Is based on direct 
aimospherfc sampling, Clearly, cOj has been increas-'' 
lng. Prior to 1900 tne density was about 275 ppmv 
(parts per iiilliion by volume). Today it is about 356 
ppmv, The Increase le generally believed to be due to 
he combination of increaiid burning of fossil fuels and 
(before 1905) to deforesiaticn. The total source is estl-
n̂ atea to have been increasing exponentially with a 
charactertsilc time of 4S years - at least until 1973, 
From i$73 until iseo the rate of increase has been 
much slower, About haii the production of CO, has ao-
peared m the atmoaphere, ^ ^ 

Predicting what will happen to COa over the next 
century is a rather uncertain matter. By aesuming a shift 
toward coal, substantial advances in the third world's 
standard of living, large population increases, and i re-
duction In use of nuclear and other non fossd fuels, one 
con generate an emissions scenario which w([I lead to a 
doubling of cOj by 2030-lf one uses a particular ^ 
model for the chemical response to CO, emissions 
This was referred to as the 'business as usual" ecenarlo 
by ttie Intergovernmental Panel on Climate Change 
Working Group t. As it turns out. the chemical model 
used was Inconelsteni wllh the past centu '̂e record; It 
would have predicted thai we would already have over 
400 ppmv. An Improved mode! developed at the Max 
Planck Gesellschafl In Hamburg shows the so called 
'business aa usual' scenafio does not even double CO,' 
by the year 2100, Ai we see from Rgure z, their model 
shows that under other icsnarfos, we may not even get 
much more COj than Is already In the atmoaphera. Per-
iSMllyjpeaklngjt leems unlikely that the indallnlteV'" 
ture of. enerfly belongs to coal. I .also find it dltHcult to 
believe that technology wont lead to Improved nuclear 
reactors within 50 years. " 

Nevertheless, we have already seen a slonlficafrt In* 
crease m cOj which has been accompanied by In-
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creases In other mlf'lor ;runhouse gases as well Thls ls especlally IMl'Ortant tor water vapour whose 
(methane. enloro!luoroosrbons, ttr..). Indeed, in terms density decreases by abo\.lt a factor of· 1000 bttwttt'I 
of ;reenhouu potential, we have h1d the eqi..tvalent of . ths surtece and 1 o km. Another eonsequenet It that 
1 601/o ln¢tG~$G In COa over the Patt century, The 61· one cannot t't'en eatoulaie \h& temperature of the Earth 
tects of these Increases are certall"lly wQrth studying- without models that aoourately reproduct the motions 
quite IMdt~endent of any uncertain future aeenarlos. of the atmos,p.M.r..t...J~d. present mcdtla have large 

~lgvre 3 shows the common popular preunlation of errors he"f.·.J~rdsr 5~~ and, not •ur~rltrngly, these 
1he greenhouse effect. rl'\e crude ldta le that the atmo· models 1ut u'Fil"516 t'Ooorreci!y caleutate ~lther the pre· 
aphere· la transparent 10 sunlight (&pert trorn the very unt avarag• t•mperature of the larth or the 1quator .. , 
tlonlflcant rtlltetlvlty ot both <::l¢ude and the surf ace} ~011 temperature dl~trlbutlon. Rathtr, the models art 
which heats the Earth'a a1.1rfa.ce. The sµnaee attempl4 adjusted (or 'tuned') to gel these quantities apprcxl-
to balanee lhl& hteittng ~Y radiating In the Infrared. The rnately right. 
Infrared ridlailcn Increase$ with Increasing surface Having said all lhl&, It Is !1111 of lnl$rHI lo ask what 
temperaturt and the temperature fld)usl; 1,mtll balance we would expeot a d¢ubllng of C01 10 do. A large num· 
Is acriltvtd. II the atmosphere werf also !ranaparent to ber ol ealcu!at!onB snow that lf this ts all tnat happened, 
'n!rared r3dlallon, then the Infrared radlat!Or'I produced we mrght axpeci a warming ol trom o.s.1.2•c. The gen· 
1y an average surface temperatur~ of ~1&"0 would baJ· era! consensus I& tha1 such warmll"I; would present rew 
nee the Incoming solar radiation (htU that amount re· lf any l'robltM":f. However. tven this prediction ls eub· 
~oted back to space by clouds, etc.). However, the Ject to some uncertainty ~ecauae of the eompllcated 
mosphere 1$ not transpare!il In the Infrared, and so way the grunhouee eff eot actually cpera\ee. More Im· 
• Earth muat heat up somewhat more ln order to de· portarit, tha cltmate Is a complex eystem where It Is lm· 
'( tht same flux of Infrared radiation 10 9pace. This le possible for all ~lhsr faetors to remeln constant. 
11 Is called the greenho·1Jse tffect. 'T'he lact lt\at tne In present models, theu other laetora \commonly 
~h's average 1urlace 1emperature Is 15°C rather referred to as feedbaok&) act at destablll1lr1~ tactors 
, -1e•c 19 attributed to this ettecL Ths rnisin ab· which amplify the effects ol lncreaaing 002, leading to 
grs of infrared In the stmosphere are water vapour predictions of warming In !ht neighborhood of 4·5'C .. ·. 
~louds. even If au other greenhoun gases (like Thi most Imper.ant of these fl¢\ors In current climate 
1n dlOx!Qe ano methane) were 1¢ dlaappear, we models lo due to water vapour. ln all current modet1, 
1 $till be \ett witt\ over~ of the ¢yrrent green· · upper tropoel)herlo (5·12 km) water vapour. the major 

ellect Nevertheless, It Is proa1.1rned that lnertas· grttenhOV .. Qas, 11'\creasff IS surface tempiraturu In· 
·~rbon dicxid~ and otl'ltr mine)( Qreenhouse ,aus crO$~. wtthout this leedb.tck, no current model would· 
d \o slgnH:canl tnereasu in temperolure. As we pr~dlet warming In txcHe of 1.1°c-rtQardless of any 
een, CO: IS lncreaGin;. So are other mrno( otM&r feedback. Unfortunately, the way theee factor$ 
'use gases. A widely l'letd, bvt (as we have (lfkt clouds_aod.~tQc vapo1.1r art haridl•d Jn present 
'JGSttonable, contention It that these Increases models I disturbingly ubllra ln Mtr\y Instances the 
'nut along !he path tt1ey tiave followed for th~ underlylng p ys p y nol known. In othtr Iii• 
··ury. atances thtre are identifiable arrors. Even ccmputatlon· 
i continuing, I! Is worth noting 1hat. the simple al errora play a major role. Fat txampt•. t)Clitlng 
the graenhouse mech1nl1m Is serlou&ly over- modtle have only 10·20 levels In the vertloal, which ls 
.Many of us were taught !n .!ll!!l.t.niart.,sc~rW. lnade~uate tor predicting the behav!~ur of a substance 
·s transported cy radlatlon1 corweauon, and Uke water vapour wl'll¢1'1 van•a lmrneneely with height . 
. The aboi;e picture only re1er1 to r1dlat1v1 .T'he dlffleulty It ads to modtl predlct!ong ot ntg•rlvG 
s It turns out, If there were only radtac\lve · water vapout In some parta ol thf atmosphere, iht ar· 
u, the gresnhouS$ eff ee1 would warm tl'le bHrarr fllilng rcullnu used to correct thl& obvlously un· · 
out 11~c rathir than to 1 S50, tn tact, 1n11 reallstjo behaviour play a major ter 
effect la only abovt 25% of what It WQUld t>o vapour budgets. In fact, tl'ltr ~ompflUh tvldtn for ,, 
11atlve situation. The reason 1or thls is the all the known de,tablllzlng tee c s n t mo e\s to.· 
~on\ltCtlon (heat tran5port by air mot!o~&), · · actually bt 1tabillzlng (negativt) fndt1Ack1. In that 
ef much cf the rac!letlvt eb1orptfon. What · eut1 wt would e)(peet the reapQMH to 001 d;iubllno · 
on.ls scmem•HloaHy Illustrated In Flgure 4; ·alone to be dtmlnished~ · 
f th• itrih la oooled In large measutt by ·~. · It Is commonly 1ugge&ted the\ 6oole\y ahculd not dt·. 
, VllrlOus fcirms lnctudlng deep clouds) pend on negative teedba¢ks to ap:ire us from a ';r•eih· 
iat upwar~ and poleward. One conse· l'\ouu e&tastrophe'. Whal Is omltrdd from such 
)lctu'e lg lhat It It U1e greenhouse g11ses auggestlcns la tt'lal cum~nt models ~.•pond hei:av1

"' - -

Earth's Jvriaee that are of primary Im_· l!11Jlelal.J)o9ltlvt .. 1:0 @eoks ,,... ·----
mnlnirig 1he tempera~ure ¢1 the Earth. ·warm1riu. , 11!"8 ...- --



creases In other minor gresnhouse gases as well 
(methane, ehloroduorocartons, etc.), indeed, in terms 
of greenhouee potential, we have hid (he equivalent of 
a 60% Inpreaee in cOj over the pait century. The ef­
fects of these Increases are certainly worth etudying— 
quite Independent of any uncertain future scenarios. 

Plflure 3 shows the common popular presentation of 
the greenhouse effect, The crude Idea is that the atmo­
sphere Is transparent tc sunlight (apart from the very 
significant reflectivity of both clouda and the surface) 
which heat! the Earth's surface. The euriace attempts 
to balance this heating by radiaiing In tlie Infrared. The 
Infrared radiation Increases with increasing surface 
temperature and the temperature adjuets until balance 
Is achieved, ll the atmosphere were also transparent lo 
Inlrared radiation, then the Infrared radiation produced 
by an average surface temperature of -18*C would baJ* 
ance the incoming solar radiation (less that amount re­
flected back to space by clouds, etc.), However, the 
atmosphere is not transparent In the Infrared, and so 
the Eanh must heat up somewhat more In order to de­
liver the same flux of Infrared radiation to spacd. This is 
what is called the greenhouse effect. The tact that ine 
Earth's average surface temperature Is IS'C rather 
than -ift'C Is attributed lo this effect, The main ab-
eorbers of Infrared In the atmosphere are water vapour 
end clouds. Even If all other greenhouse gases (like 
carbon dioxide and methane) were to disappear, we 
would still be left wllh over se% of the current green­
house aflect, Nevertheless, It Is preeumed that Increas­
es In carbon dioxide and other minor greenhouse gases 
will lead lo signlflcanl increases in temperature. As we 
have seen, COj Is Increasing. So are other minor 
greenhouse gases. A widely held, but (as we have 
seen) questionable, conteniion is that these Increases 
will continue along the path they have followed for the 
past century. 

Before continuing. It is worth noting that, the simple 
picture of lhe greenhouse mechanism Is seriously over̂  
simplified. Many of us were taught ln̂ eiejTTg,ntarY_8cho£L 
that heat Is transported by radiation, convection, and 
conduction. The above picture only refers to. radiative 
transfer. As il turns out,)' there were only radlacilve 
heal transfer, the greenhouse effect would warm the 
Earth to about 77»C rather than to 16»0, in fact, the 
greenhouse effect le only about 85% of whet It vrauid be 
in a pure radiative situation. The reason for this Is the 

. presence ot convection (heat transport by air moitone), 
which oypaBsee much of the radiative absorption. What 
is really going on is schemailoally illustrated In Figure 4, 
The surface of tha Eanh la cooled In largo measure by 
air currents (In various lorm» including deep clouds) 
which carry heat upward and poleward. One conse-
quence o( this picture Is that It Is the greenhouse cases 
well above ine Earth's surface that are of primary Im­
portance In determining the temperature 0( the Earth. 

This Is especially Importani lor water vtpour whose 
density decreases by about a factor o( 1000 between 
the surface and 10 Km, Another consequence Is lhal 
one cannot even cilculate the lemperalura ol the Earth 
without models Itial icourately reproduce the motions 
of the atmosp,h.4;iJ£deed. present models have large 
errors hBitfjordarSC^ and, not surprisingly, these 
modflle afe"uPi?Miroarrflclly calculate either the pre­
sent average temperature of the llrth or the equator-, 
pole temperature distribution. Rather, the models are 
adjusted (or 'tuned') to gel these quantities approxi­
mately right. 

Having said all Ihls, II Is still of interest to ask what 
we would expect a doubling of COg lo do. A large num­
ber cf calculations show that if this is all thai happened, 
we might expect a warming of from O.M '£*C. Tt:e gen­
era! consensus iS l̂ ai such warming would present few 
If any problems. However, even Ihit prediction Is sub­
ject lo some uncirtalnty bSCfiuse of tha complicated • 
way the greenhouse effect actually operates. More im­
portant, the climate is a complex system where 11 Is Im­
possible for all Olher factors to remain constant. 

In present models, thesa other factors (commonly 
referred to as feedbacks) act as destabilizing lectors 
which amplify the efiects of Increasing COj. leading to 
predictions of warming In lhe nelfihborhood of 4-5*C. . 
The most Important of Ihese factors in current climate 
models Is due to water vapour, In all current models, 

' upper tropoepherlo (5-12 km) water vapour, the major 
greenhouse fi&s. Increasee 18 eurface temperatures in­
crease. Without this feedback, no current model would 
predict warming In excess ol l.7'C-H'e9ardle88 of any 
other feedback. Unfortunately, the way these factors 
(like clouds jDd-Jiaiai-VBpour) are handled In present 
models iQlaturfalngly arfĉ lraiy> In many Inetancee the 
underiylrigpliyslifriS' Slft̂ plynot known. In other lA' 
stances there are identlflabis errttfs. Even computation­
al errors play a major rola. For example, existing 
models have only 10-20 levels in the vertical, which Is 
Inadequate tor predicting the behaviour of a substance 
like water vapour which varies Immeneety with heiflht, 
The difficulty leads to model predictions of negailve 
water vapour in some parts of the atmosphere. The ar-
bflrary fllilno roullnes used to correct this obviously un- •. 
realistic behaviour play a ma)or^ In lhe^<isl water 
vapour budgets. In fact, thsre^gmgeilihg •videiigg^for, 
all the known destablilzinsi feedWCKs in tha model* to 
actualty be atabilizing (negative) feedbAcks. in that 
ca»«, we would expect the response to CO, rfoublir^fl ' 
atone lo be diminished- ^ ,̂  

It Is commonly suggeeted that society should not de­
pend on negative feedbacks to spare us from • gretn-
house catastrophe", What Is omitted from such 
tuggesllons la thai current models depend heavily on 
aJdllL^_P05itlve..f-«A4iUUika4o predlol high ievsis oi. 
wamiiny, rnTTteve feedback from clouds has been 
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receiving the closest scrutiny. Thie is not unrsasanabte. 
Cloud cover In models Is poorly treated aad lfla^raiS ' 
ly predicted, Yel clouds reflect abouOS watt8;per 
square meter. Given that a doubling of COî ifchange 
the surface flux by only 2 watts per square meter, It Is 
evident that a email change In cloud cover can strongly 
eHe« the response to COj. The situation Is complicated 
by tne fact that clouds at high altitudes can also supple-
mem lhe greenhouse effect, indeed, the efiects ol 
clouds In reilectlng lî nt and in enhancing the green­
house etteciT'a'rT'roughly In bala"n̂ Their actual effect 
on climate depengrCoTHWtBTresponse of clouda to 
warming, and on the possible imbalance ol their cooling , 
and heating eHecta. Slmliariy, feedbacks involving the 
contribution of enow cover to reflectivity sen̂ e. In cur­
rent models, to amplify warming due to Increasing COj. i 
What happens seems reasonable enough; warmer cli­
mates presumably are associated with less snow cover 
and less reflectivity — which, in turn, amplllles the 
wermlno. However, snowlŝ aa îeted with wintfrf 
•y/hen incident sunilghtcltMDtofli-WoiS^^ 
Ihield the sun from tha surface and(lTTlnimlz_$the re-

' iponee to ŝ jjw £0V6Clndied,.thereX57bwlnQ êvl-
• : dence that6iouisiccompanv^lni|hi^^ 

to such an extent ail03?Tr(TnsTeedback negative. If, 
however, one asks why currant models predict large 
warming will accompany Increasing COa, lhe inswer le, 

, .ncstiy lhe water vapour feedback. Current models ail 
prsdict that warmer climates will bo &cj:0mpanled by iti-
creasing humidjiy-ai-alJ levels. As already noted.jhis 

• arCartifacQof 

bulk of the minor greyhouse gases were added to the 
atmosphere, figured shows what might have been ex. 
peeled for mode-fa with dlfterinQ sensitivities to a dotJ. 
bllna of CO r̂̂ hat wasee is that the past record Is 
most fl^Want with an equilibrium; to a dcubling of 
aboufi assuming tnat all the obsen/ed warming 
was due'tolncreasing CO,, However, there is nothing 
In 'he record that can be distinguished from the natural 
variablllly of tha climate, it one considers the tropics, 
the situation la even more disturbing. There le ample 
evidence that the average equatorial sea Wf̂ a';̂  "Jf 
'emained within ±1'C of its present temperature for bll-
lions ol years, yet current modcle predict ave agi 
wa mini of ffor̂  U*C even at the equalor. It should be 
notod l̂ at for much of the Einh's hletory the atmo-

, Ichere had much more CO, than la currently anticipate 
,d for centuries to coma, One could. In tact, go on for 
some lime llsilng the evidence for sniaii responses to a 
doubling of CO2; however, there is only limited time. 

Summarizing the scientifio situation, 

i) The data provide ho evidence of man Induced 
global warming. 

in Tha models (whatever their other strengths or 
weaknesses) are predicting large global warming lor 
Idantlllably artificial reasons,' .v,,*Hinn ih« 

lit) There are substantial reasons for expecting the 
response lo increased COi will, in fact be small. 

behaviour Is arkartitact)of the models since lhay have 
neither the physlcsnofuie numerical accuracy to deal 
with water vRPOuî cent ituariaof the physics of how 
deep clouds moisturize the atmcsphere strongly sug-
gest that this largesi,of the poaitlve feedbacks is not 
only negative, bwSl5355i»> u * .h*. 

Not only are there major reasons to believe thai 
models are exaggerating ths response lo Increasing 
COs, but, perhaps even more eigniflcantlyt the models 
predictions for the pisl century incorrectly describe thtj 
pattern of warming and greatly overestimate its magni­
tude, Figure 5 shows the global average temperaiure 
record for the past century or so. The record 1» Irregular 
and not without problems. However, it does show an 
average Increase in temperature of about 
0.45'Ct0.iS-C with most of the Increaee occurring be­
fore 1940, followed by some cooling through the ear y 
70'e, and a rapid (bul modest) temperature increase In 
the late 70'j. Now, ae we have noted, we have already 
seen an IncreeM In 'equivalent' 00̂ -0̂ 60%. Thus, on 
the basis of models which predict ;̂4̂ wam̂ tng for a 
doubling of COj we might expect toTilve seen 2'C aK 
ready. However;- If ihe delay imposed by the oceans 
heat capacity is included, the expectation is reduced to 
about 1«C. This is still twice what has been oeen. More­
over, most of what has been seen occurred before the 

The increasing aceegtancâ ot the above fads has led 
,c a pec'ulirwnsslso™ Issue of potentlâ  0 mate 
'suroKaaa', Here, the claim Is that since we do not under-
etand the climate system. It Is poesibte tliat It rjay rê  
sind in ways we currently have no knowledge of If we 
sS^ ĵ the system to stress. This la indes an unan 
swerable argument, The point, quite simply, s tt̂ â  igno-
ance 1« ignorance, It is cert̂ nly not a bâ s \^ i^^r.^ 

It were, the only logical response would be total peraiy 
sis, 

consensus and th« Currant 'Popular Vlalon' 
Many studies (rem the 19lh Century onwards sog-

seeded the indwstrtai and other oontnbutlone to Inorea • 
lng CO might lead to global warming Problems w th 
suchmpredlctions were also long noted, J f̂̂ JJ 
eral faikire of such predictions to explain ^bffr'!? 
eco d caused the Held of climatology as » whole to re-
card the euggaeted mechanlama as ̂ uep-iCt. ̂ ^̂̂ ^̂̂ ^̂̂ ^̂  

rSinoTSjal cooimg hysterî n the. 70 s. A" nl« 

S hysieria had certain striking analogues tO the pre­
sent wa'ming hysteria including books such ae The 
Qenesie Strategy' by S. Schneider and Climate Change 
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and World Affairs by Crispin Tlckell (both authors are 
promlneftt in support of the present concerns as wsit) 
'explaining' the problem and promoting internalionai 
regulation. There was also a book by the prominent sci­
ence writer Lowell Ponte (The Cooling) deriding skep­
tics, and noting the importance ol acting In the absence 
of firm scientific foundation, Thers was even a report by 
the National Research Council of the U.S. National 
Academy of Sciences reaching its usual ambiguous 
conclusions However, the sctemiiic community never 
took the Issue to heart, governmania Ignored It, and 
with rlHlng o'nhai temperatures in the late 70'fi the 
more or less dled,̂  in the meantime, model calculations 
— especially ai the Qeophysicai Fluid Dynamics Labo­
ratory at Princeton — continued to predict substanlial 
warming due to increasing CÔ , These predictions wire 
considered interesting, but largely academic, exercises 
— evsn by the scientists involved, 

The present hysteria tormaHy began in the summer 
oi 1988, though prcpatations had been put in place at 
least three years earlier 2 This wa.5 an especially warn • 
summer in some regions — especially In the United 
States. As we noted In the discussion of obsfirvallons, 
there was an abrupt Increase In temperature in the la!e 
70'» — too abruptlo be asscclalejhvlliijhLSDiiî  
crease fF5̂ TT?5>̂ vvr,~tra!TTefi Hansen (Direolof o( 
the Goddard Instltule for Space Studies), In testimony 

• beiore Senator Oore's Commluee on Science, Technol­
ogy and Space, said, in effect, that he was 98% certain 
•jthat temperature had increased, and lhal there was 
ŝome greenhouse warming. No statement was made 
concerning the relation between Ihs two. 

Despite the lac! that these remarks were virtually 
meaningtece, they ted to the immediate adopllon ot lh» 
issue by the environmental advocacy movement, The 
growth ol environmental edvocacy since the 70'8 has 
been phenomenal, in Europe, lhe movement centred on 
the lormatlon ol Green Parties; in the United States, tho 
movement oemreed on the development of large public 
Interest advocacy groups. These lobbying groups have 
budgets In the hundreds ol millionp of doilare, and em­
ploy about 50,000 people; their support is highly valued 

• by (Tiany political figures. As with-any large group, sell-
. perpetuation becomes a crucial concern. 'Global Warm­

ing' has become one ol the major battle cries In their 
lund raising eflorte. At the same time, the media un-
questlonlngly accept the pronouncements Of these 
groups as objactivs truth. 

• However, within the lerpa scale climate modelling 
community (a email subsel of the community Interested 
In climate),.the immediale response was to crlllclze 
Hansen for publicly promoiing highly uncertain model 
results ae relevant to public po»ny, Hansen's motivation 
was not totally obvious; but there was clear Involvement 
of a Michael 'Oppenheimer (originally with the Envlron-
mentai Protection Agency and now wiin the Environ­

mental Defense Fund - an Advocacy group) who 
specilicaily funded the workJil Ooddard Inslitute lor 
Space Studiea. Oesglle-t+w'Mlslsm ol Hansen, the . 
modelling commynlt/qulcktyig'»w)that large warming 
was not impassible. TfiffVTasWenough for both the 
politicians and advocates who have generally adopted 
the paradigm that any hint ol environmental danger ia 
sulllclenl baaia fer"reguT?!f5n unless the hint can be rig­
orously disproved. This Is a particularly pernicious 
aaymmet̂  given that rigor Is generally Impossible in 
environmental sclancea, 

gther scientists quickly agreed that wllh Increasing 
CO2 seme warming might be expeoiso, iho with large 
enough concentrations of COj, the warming might be 
significant. Nevertheless, there was widespread sceptl-
slsm. By early 1989, however, lhe popular meat a In Eu­
rope and the US were declaring that 'all scientists' 
agreed that warming was real and catastrophic In Its 
potential- „ , ' 

Like moat scientists concerned with climate, i wis 
eager to stay oul of what seemed like a public circus. 
However, In Summer 1988. Lester Lave, Professor ol 
economics at Carnegle-Wellon University, wrote to me 
about being dismissed from a Senate hearing for sug-

, gestlng mat the issus Of global warming waa scientifi­
cally controversial, f assured him that the issue was not 
only controversial but also unlikely, in Winter 1939, 
Reginald Newell (Professor of Meteorology at MIT) lost 
NSF funding for data analyses that were falling to show 
net warming over the past century, aiyfewejiiyfifiiai:̂  
ed that results were dan̂ erousjLiMliaiî  'h Spring 

• SS89. Iwas an In̂ tirpaniclpanl at a global warming 
symposium at Tufts University. I was the only scientist 

• among a panel of envtronm,entall3te. There were stri­
dent calls for Immediate action, and ample expressions 
of impatience with science, Claudlne Schneider (tî en a 
congresswoman from Rhode island) acknowledged that 
'Scientists may disagree, bul we can hear Mother 
Earth, and she is crying.' it seemed «'<*̂ j» ^V. * 
very dangerous Slluatton was arising, and the danger 
was not of 'global warming' itself, 

in spring of 1989, I prepared a critique of globa 
waimlng which I submitted to Science (a magazine of 
the American Association for the. Advancement of Sci­
ence), H was rejected without review as being of no in-
tereel to the readership. The paper was resubnMtled to 
the Bulletin Of the American Meteorolojjical Society 
where It was accepted aller review. r«-reviewed and re. 
accepted (an unusual procedure to say the least), in the 
meantime, ihe paper was attacked in -r̂ Ĵ Ĵ, 
to pgbncatlon (In .1990), The paper circulated for abou 
e momhs ae Samlzdal, It wa* delivered at a Humboldt-
Conference at MIT. and reprinted In the FranWurtef All-

°*Tn'tnV meantime, it̂ e. global warming cirouf was In 
full owing. Meetings were going on non-stop, one of tne 
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a deterSned ""̂  P*"̂^̂  ^̂ s followed by 

• articles were 'iliov̂ idbV aV active ^̂̂ ^̂̂ ^̂̂^ mostly suDPortlve of in* sk^Il:. ® ĉ̂ âspondence 

iffiwh^i th 'L°l®' ''•̂ '̂"5 "XJCLirred so far) On 

eMf,« rapidly jrowlng puBBeaitons i'mttoS't RafelJ 

Xraifl'n T̂ )? n '° oppose nuclear power 
phyeS OveMhK^ ""'̂  unpopular wflh many pnysidsts. Over the last few years, it has turned to the 

— -5 
battle against global warming In a particularly hvatBrir./ 
T .nr :J ' •̂"'̂  lo%(rcul̂ i e a pe ifon̂^̂^̂^̂^̂  
recognition of global warming as potentially the a?e2 
iTmcZ'^i^^- '^'P'*"?' Who d!d^not" g were soiicied at least twice more. The oetltion l^t 
Z T ^ l ^ J ^ ' V l fnoL̂ InQ a gra" 
and LH'M''''^ ^"''ŝ y 9/ Sciences 
and Nobel Laureates, Only about 3 or A of lhe slon.rV 

P«9ee, and on the eecond 
£1?! i.''^ '̂ l̂' '̂ ^ «̂"*wed consideration Of nu 

thê N?w yor̂ Ĉ ^̂ ^̂ ^ was pubShed n ine New York Times, the second page was omitted 
In any ivent, this document helped soKh-Zhif; 
percepffcn that <all scientist ' ag°eed ffh thrdisast̂ ^ 
was'n run'n'̂ ic'if •^eSiJc^S was not unnoticed, Frank Press (President of the Na-

^Sdl^; f "'̂ '.ir '̂ ^̂ "̂̂ 0 '"-̂  f̂ sfnbershlp agaJSt 
1. . r i Jfl' ̂ '̂ ^̂ ''''y about. whloh they had 
no special knowledge. Special reference was made to ' 
he accve petition, m my opinion, what the petS dd 
Show was that the need to fight 'global warmina' has 
a doZ^o Ih'L?* '''̂ '̂  consSen'ce -
a dogma to which sclenifsts are not Immune, 
ffrtm .K . "" f̂ pressures on dissidents 
lciv . H ^ S ? i i , ' ' 5 ' . S e n a t o r Qore pû  
op ed piece, (in a pe/verse example cf double-Sbeak 

m J '•J''^*^'article, to tha%um 
hĉ ocaui )̂ ^ ' • ' "̂̂ '̂ '"'''̂ ^ ^̂ 'ô " warming 

m a ^ " ^ J ^ v ^ S l ^ l • « ^̂ '-̂ -ntly Inti-
Jr̂ nm.n ^ n ^̂ '̂ P ' f»POn of the Inter-

5̂1 t K i i i ' ^ ''̂  0«vemment agencies. The panel 
Seat Lfh I T ^ ' ' '̂̂ '"8 *5̂^̂P ' "orJnally 
deals with climate science. Approximately 150 scien-
t sts contributed to the repon. but university reprasentS-
f^l'T "'̂  f̂̂ a"- This ls7ke!y to 

S . f: "••'î d for partici­
pation are not available to most university scientists 
Many sovernments have agreed to use this report as 
the authorftatlvB basis forcllmaie policy. The report as 

1̂̂  P0""r« «nd negative features. Method-
teS SiJ^* ' ^̂ P̂'y committed to reliance on 
tJui 71̂ ® •̂P»'̂ ' are largely 
rnVn^? fmperieon with other models. Given that 
wi?h / 1° '"ore with each ether than . 
wtth nature, (even after luning'), this approach does not 

PJflshave tywsd to the prtseures placed on them to - "' : 
?,[;2p.!lfS!lî ^̂ 5̂  of the current soeriirlo" . on-̂ .": r I j/^*^ " «"r>̂ '̂ """' »ne current scenario 
and to lup̂ ese other resultŝ This pressure was fre-
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quently effective, and a sun/ey of participants reveals 
substantial disagreement with the Unai report. NonsthS' 
less, the body of lhe report is emremely ambiguous, 
and lhe caveats are numerous. However, the report is 
prefaced by a Policymakers Summary written by the 
editor, Sir John Houghton. Director ol the United King­
dom Meteorological Otfice, This summary largely Ig­
nores Ihe uncertainty in the report, and attempts to 
present the expectation of substantial warming at llrmly 
based science.* The Summary is published as a sepa­
rate document, and, it is sale lo say, that policymakers 
are unlikely to read anything lurtner, On the basts ot the 
summary, one Irequentiy hears that hundreds of the 
worlds greatest climate scienlisls from dozens el ccun-. 
iries all agreed that „.. it hardly matters what the agree­
ment refers to, since whoever relers to lhe summary 
Insists It agrees with the most extreme scenarioR 
(which. In all fairness, it does not). It should be added 
lhal lhe climatology community, until Ihe last few year? 
was quite small and heavily concentrated in Ihe US and 
Europe, 

While the IPCC reports were In preparation, the Na­
tional Research Council in Ihe United States was com­
missioned to prepare « synthesis of Ihe current state of 
the global change situation. The panel chosen was 
hardly promising. It had no members of the National 
Academy expert in climate, Indeed It had only one sci­
entist directly Involved in ciimaia, Stephen Schneider, 
who Is an ardent advocate, ll also Includad 3 profes­
sional environmental advocates, and it was headed by 
a former ienalor, Dan Ivans. It should be added that 
the panel did Include distinguished scientists and 
soonomlets outside the area of climate, and, perhaps 
because ol this, tne report Issued by the panel was by 
and large fair. Their report concluded that lhe sctentlllc 
basis iQr.oostlvLSCtion was abse.OL though prudence 
might Indicate that actions thst were cheap and/or 
worth doing anyway should be considered, A subccm-
mltlee ol the panel Issued a report on adaptation which 
argued that even with the more severe wacming scen-ir-
;.08, the United States would have little dtlflcuity adapt-
,fig. Not surprisingly, the environmentalists on the panel 
not only strongly Influenced lhe reports, bul (ailing to 
completely have their way. ihey attempted to distance 
themaefvee Irom the reports by either resigning or by is­
suing minority dlesenis. Equally unsurprising li the lact 

. that the reports of this panel were typically covered on 
.page 48 Of the f̂ ew York Timet, and never subse-
.quently discussed in the popular medlâ excepi to 

. ' claim that the reports support the caiastropnic vision. 
• Nevertheless, lhe reports of this panef were Indicative 
• of the growing scepticism concerning ihls Issue. • . 

Indeed, the growing scepllclsm Is In many ways re­
markable-. One of Ihe eariliSt protagonists Ot global 
warming, Roger Revelle (late Prolessor of Ocean 5C -
ences at Scrlppe Institution ol oceanography), who Iniil-

ated me direct monitoring ol COj during the Inter-
nailonal Geophysical Year (1959). cosuthored (with S, 
Fred Singar and Chauncy Starr) a paper )ust before his 
death recommending lhal action oonoernlng global 
wamiing be delayed inselar as current knowledge was 
totally inadequate. Another active advocate of globa 
warming, Michael McElroy (Head ol the Department Of 
Earth and Planeiary Sdsncss at Harvard) has recent y 
wriilen a paper aoknowiedging thai exlsllng models 
cannot be used to forecast climalB. ' 

One might think that this growing scepticism woijld 
havs some Influence on public debsls. bul lhe Insis­
tence on 'scientific unanimity' continues unabated. At 
times, Ihis Insistence takes some vity strange forms, • 
Over a year ago, Robert White (former head ol the 
Weather Bureau In the United Stales, and currently 
president of the National Academy of Engineering) 
wrote an article for Scientific American pointing put that 
the quesitonable scientific basis for global wamilng pre-, 
dictions was totally inadeq'jaia to lustify ariy costly 
tlons, He did State that If one wtn to insist on doing 
something, one should only do things that one would do 
even 11 there were no warming threat. Immediately after 
this article appeared. Tom wicker (a columnist lor the 
New York Times, and a confidant ol Senator Qo e) 
wrote a piece m which he stated that White had called 
ior immediate action on 'global wamilng'. My own expe­
riences have been similar. Stephen Schneider, In an ar-
tide in Audubon states that 1 have 'conceded tnat some 
wamilng now appears Inevitable', Diffsrences bê een 
expectations ol unmeasurable changes of a lew tenths 
of a degree and warming ol several "J^/" 
nlently ignored. Karen White In a lengthy and lau. t̂ory 
article on James Hansen which apP<»«;«5 '^J^ 
York Times Sunday Magazine reported that «ven > 
agreed that there would be warming, f̂ '̂S ' ' S <̂  
offered an estlmale of 1,2 degress'- This was, of 
? urse untr". Most recently, I ^ 
heartng conducted by Ssnator acre. There wa a 
rather arcane dtiouseton of the water ^̂ ^̂ ^̂ ^̂ f̂ ^̂  
he upper troposphere -S-12 km). Two years «o, had 
pointed out that If the source of water v*Pbiif I" Wf̂ J* 
STon in the tropics were detrained watr vapour from 
deep Clouds, then surface warf̂ lng would be »«o"̂ PJ', 
nied by reduced upper level wster.vjpjur. In subse­
quent research It has been established that there must 
be an additional Murce which Is widely b«««ved to be 
'crcVsiils thrown Oft by these deep ^̂̂^̂̂ ^̂̂^̂  

lhan pisUlve;. Senator Gore wanted loJ<nCw H now 
lecied my suggestion of 2 years ago is a '"fJPj;>̂ ^̂ ^̂ ^ 
answered that I did.* Senalor Qore then called for the 
eĉ Slng secretary to note that I h.d r^lf^lZ6^. 

• lections to 'global warming'. There followed consider 
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able argument (involving mostly ether partlcipents in the 
hearing) In which tt was explained to lhe senator that he 
was confusing matters. However, shortly theraaftar 
Tom WIckar published an article In the New Yortv Times 
Claiming that I had retracted my opposition to warming 
and tnat this warranted Immediate action to curb the 
purported menace. I wrote a letter lo the Times Indicat­
ing thai my poallion had been severely mlsrepresenteo, 
• and, after a delay of over a month, my letter was pub-
llehed. Senator Qore, nonetheless claims in hie book 
that I have Indeed retracted my scientific objections lo 
the catastrophic warming scenario, and also warns oth­
ers who doubt the scenario that they are hurting hu­
manity. 

Why, one m.tght wonder, Is there such insistence on 
''scientific unanimity on this lesue. After all, unanimity in 
science is virtually non-existent on far less complex 
matters. Unanimity on an Issue as uncertain as 'global 
warming' would be surprising and auspicious. More­
over, why are the opinions cf scientists sought regard-
less of their field of expertise? Bloioglsle and physicians 
are rarely asked to endorse some theory In high energy 
physics. Apparently when one comes to 'globai warm­
ing" any scientist's agreement will do.' 

The answer almost certainly lies In politics. For ex­
ample, this coming June at the Earth Summit In flio, at­
tempts will be miade to negotiate International carbon 
emission agreements, The polenfial costs and implica­
tions of such agreements are likely to be pfclound for 
both Industrial and developing countries. Under the cir-
cumstarioes. It would be vê  risky for politicians to un­
dertake such agreements unless scientists ''insisted', 
Nevertheleee, the situation is probably a good deal 
n̂ re complicated than thie example suggests. 

The Temptation and Probiams of 'Global 
Warming' 

As Aaron Wlldavsky (Professor of PolHlcai Science 
at Berkeley) has quipped, 'global warming' Is the moth­
er Ol alt environmental scares. Wlidavsky's view is 
worth quoting. "Warming (and warming alone), through 
iti primary antidote of wllndrawing carbon from produc­
tion and consumption, Is capable cf realizing the envi­
ronmentalist's dream of an egalitarian society based.on 
relectlon of economic growth In favor of a smaller popu­
lation eating lower on the food chain, consuming a lot 
lees, and sharing a much lower level of resources much 

./more equally". In many ways, Wlidavsky's cbsen/atlon 
does not go far enough. The point Ie that carbon dioxide 
Is vitally central to Industry, transportation, modern life, 
and life In general. It hae been |oked that COj controls 
will permit ue to Inhale as much as we wish; only exhal­
ing will be controlled. The remarkable ceniraiiiy ol car­
bon dioxide, means that dealing with the ihreat of 
warming fits In with a great variety of pre-existing agen­

das — some legitimate, some lees so; energy efficien­
cy, reduced dependence on middle eaetarn oil, dissatis­
faction with industrial society (nea-paatoraiism). 
intsmailcnal competition, governmental desires for en­
hanced ravenues (carbon taxes), bureaucratic deeirea 
for enhanced power. 

The vary scale of the problem as popularly por­
trayed and the massive scale of the suggested re­
sponses have their own appeal, The Working tSroup 1 
report ol the Intergovernmental Panel on Climate 
Change suggested, for example, that 90% reductions In 

COJ emissions might be needed. Such a reduction 
would call for measures Itiat would be greater than 
those that have been devcted to war and defense. And 
just as defense has dealt with saving ones nation, curb* 
lr)g 'global ,warming' is Identified with saving the whole 
pianetl It may not be fortultoufl that this Issue Is being 
promoted at Just tne moment In history when the Cold 
War is ending. 

Major agencies in the United States, hitherto closely 
involved with traditional approaches to national security 
have appropriated the issue of climate change to sup­
port eĵ isilng efforts. Notable among these agencies are 
NASA, the Departmeni of Detenae, and the Department 
of Energy. The Cold War helped spawn a large body of 
policy experts, dipicmais, etc. specializing In Issuea like 
disarmament, aliianoe negotiations, etc. In addition, 
since the Yom Klppur War, energy has become a major 
component of national security with the concomitant cre­
ation of a large cadre of energy experts. Many of these 
individuals see In lhe global change Issue an area In 
which to continue applying their skills. Many scientists 
also feel that national security concerns formed the foun­
dation tor the US government's generous support of sci­
ence. As the urgency of national security, iradltlonally 
defined, diminishes, there le a common feeling that a 
substitute foundation must be estabitahed. -Saving the 
Planet" has the right sort cf sound to K. I have already 
mentioned the phenomenal g/cwth of the environmental 
advocacy movement. It seems that fund raising has be­
come central to their actlvitlee, and the message undariy 
lng some of their fund raising seems to be 'pay us or 
you'll Ify", 

Clearly, 'global warming'll a templing Issue for 
many very Important groups to exploit. Equally dearly, 
though far less frequently discussed, there are profound 
dangers In exploiting this Issue. AB we will also see, 
there are good reasons why there has been eo little dis­
cussion of the downside of responding to 'global warm-
Ins'- , il. Let me begin wllh a parochial laeuft'- namely, the 
dflnger lo the science of climatology, Aa far as 1 can te i, 
there has actually been reduced funding lor existing cli­
mate research. This -may seem paradoxical, but, at 
least In the US, the vastly Increased number of scisn-

. lists, etc Involving themselves In climate as well as-the 
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gigantic programs attaching themselves to climate have 
substantially outstripped the Increases In funding. Per-

/haps more important are ihe pressures being brought to 
beer on scientists to get the 'right' resulU. Such preS' 
sures are Inevitable, given how far out on a limb much 
of the scientific community has gone, The situation Is 
compounded by the lad that some of the strongest pro-
pcnenis of 'global warming' In congress are also among 
the major supporters of science (Senator Qore ia no­
table among these). Finally, given lhe momenlum lhal 
hat been building up among so many Interest groups lo 
'fight' 'global warming', It bscomes downrtghl embar­
rassing to support baalo climate research, After all, one 
would hale lo admit thai one had mobllUed so ma,",y re­
sources without the basic science being In place. Nev-
srtheless, given,the large Increase in the number of 
people associating them.eeives with climatology, snd 
the dej5|Cdfin£e_ofmuch ol th]sjommunltv on the per­
ceived Ihreat oTwarrTTingTTseems unlikely that the sci­
entific community will ofter much resistance, ll shculd 
be added that as ever greater nu.mbers ol Individuals 
attach ihemseivBs lo this problem, the pressures 
against solving the problem grow proportionally; too 
many individuals and groups depend on the problem re­
maining. 

In addition to cllmatologlsis, are there other groups 
that are at risk? Here, one might expect lhat industfy 
could be vulnerable, and, Indeed, It may be. However, 
It least in the US, Induetries seem lo be primarily cp.n-
eâ n̂ d w|̂ h Imc^vln? '^^'r public Image. One way they 

"TIlBrnpl lo do this is by supporting environmental ac-
tivlsis. Moreover, some Industrleo have become suc-

• cessful at profiting from envlronmemai.regulation, The 
most obvious example is the waste management indus­
try. However, even eieclric utility companlea have been 
able to use environmental measures to Increase the 
base on which iheir regulated profits are calculated, it is 
worth noting that aboul 1,7 iriilion dollars have been 
spent on the environment over the past decade. The 
e.nvironment, itself, quafitiee as one of our ma|or inriuB-
tries. 

If Wlidavsky's scenario ie correct, tha major losers 
will be ordinary people. Wealth will be squandered that 
couid have been used to raise living standards In much 
of the world. Living standards In the developed world 
will decrease. Regulatory apparatuses will resulcl Indi­
vidual freedom on an unprecedented scale. Here loo, 
however, one cannot expect muĉ i resistance to pro­
posed actions — at least not initially, Public percep­
tions, under the inlluenoe or extensive, deceptive, and 

• onS'Slded publicity, can become disconnected from re­
ality." For example, the state of Alabama has had a 
pronounced cooling trend since 1936. Nevertheless, a 
poll among professionals In Alabama found that about 
55% ol Ihe participants believed It had been warming 
ever the past 50 years, and that the warming was due 

to lhe greenhouse effecl. Public misperceptlons cou­
pled with a sincere desire to 'save the planet' can toroe 
political adior) even when polltlclani are aware of the 
reality. 

What the above amounts to is a societal Insiablliiy, 
At a particular point In history, a relatively minor SUQ-
gestion or event sen/es to mobfilze massive interests. 
While the proposed measures may be detrimintal, re­
sistance Is largely absent or coopted. in the case of cli­
mate change, the tact that the proposed actions will, lor 
the most part, have little impact on climate regardieei of 
the scenario chosen, appears to be of no consequence, 

Such looielal Instabilities are, by no means, un­
heard of. Unfortunately, the best example, in my opin­
ion, Is rather extreme. 11 Is the start ol the First World, 
war. Here too, a relatively minor Incident in Sarajevô  
led to the coalescence ol a varlsty of narrow interest! of 
Important groups,. The momenlum ol the actions ocu* 
pled with hysteria Over national security and Interests 
overwhelmed any rational opposition. A partlCuHrly 
poignant image Is lhat of Socialist parliamentarians fer­
vently voting war credit! end rushing lo the front — dft-
splie earlier protestations lhal the working people of the 
world were united In their opposition to war, 

Modeling and Societal InatabliUy 
So U.f I have emphasized the political elements in 

the current climate hysteria. There can be no question, 
however, that scientists are abetting this situation. Con­
cerns about funding have already been mentioned. 
There is, however, anolher, pemaps more Important el­
ement, to the soientlllc support. The existence ol rrod-
ern computing power has led lo Innumerable modelling 
efforts m many lleids. Supercomputers have allowed us 
to consider the behaviour of systems seemingly loo 
complex for other approaches. One Of these systems is 
climate, Not surpriaingly, there are many problems In­
volved In modelling climate (or lhe economy or society 
or energy, etfl,), Among the problems ladng climate 
modelers are the loilowing; 

1. Even aupercomputers are Inadequate to allow 
long term Integrations Of lhe relevant equations at ade-. 
quale spatial resolutions. At presently available reeolu-
tlons. It Is unlikely that the computer solutions are close • 
to the Boiuilcns of ttie underlying equations. 

2. The physics of unresolved phenomena like '̂oudCv 
and other turbulent elements Is not understood to 
extent needed for lr\corporBtlon Into models. 

In view of these problems", it is generailyie^^ 
that models are at present experlrffental tooisjynPM ft:. ., 
i-î î n \n ih» r^fli world Jg nuefillonabte. As we have al­
ready noted, no current large model oan, from first 
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principles, account for the average temperature of the 
earth er Its equatof-poie temperature disulbutlon with­
out arbiat̂  adjustments referred lo as 'tuning'. 

m e there Is nothing wrong In playing with these 
models m an expertmentai mode, there li a real diiem- I 
ma when such nvideis predict potentially dangerous sit-

' uiiions. Should scientists publicise such predictions 
•-^ri.. myWpk flfff nlmoat certainly wronĝ  is if prop- . 
cr to not̂ bllctze the predictions If the predicted dan­
ger la serious? How Is lhe public to respond to such 
predictions? The diificuHy would be diminished It the 
public understood how poor lhe models actually are. 
Unfortunately, there Is a tendency to hold in awe any­
thing which emerges from a sufficiently large computer. 
There is also a reluctance on the part of many mod­
ellers to admit to the experimental nature of iheir mod-

,jl8 lest public support for their efforts diminish. 
Nevertheless, with poor and uncertain models in wide 
use. predlctlcns d ominous eilualions are virtually In-
evllable—regardless of reality. 

Such weak predictions feed and contribute to what i 
havs already described as a societal Instability which 
can cascade the most questionable suggestions 61 Dan­
ger into major political responses with massive eco­
nomic and social consequences, 1 have already 
dlBCUSeed some ot the reasons lor this Instability, the 
existence of large cadres d professional planners look­
ing for wori<, the existence Of advocacy groups looking 
for profitable causes, the existence of agendas m 

I search of saleable rallonaies, the ability of many Indus-
1 tries to actually profit from regulation, etc., coupled with 

an affective neutralization ot opposition, it goes almost 
without saying, that tha dangers and costs of these eco­
nomic and sociai consequences may be far greater 
than the original environmental danger. This becomes 
especially true when the beneilta of additional knowl­
edge are rejected, and when It le forgotten thai im­
proved technology and increased scclelal wealth ars 
what allow society to deal with environmental threals 
most efleclively. The control ol this societal instability 
may very well be the real challenge facing us. 

Poeinotea 
1 li la nonetheless worth tooting that tht last 700,000 

yttra hive been characterized by lengthy perfode of 
•• altdatlon interspersed by relatively brief Interglidais 

tuch as our present ornate. Presumably, we will 
have ano(her ice age In a few thousand years-

2 In B paper in Science in 19SS. fof example, Jim 
Hansen was already arguing mt a 'wall and see'at-

• titude concerning warming was Inappropriate be­
cause of lhe ocean delay. He auggested thai 

because of ocean delay, we were already comit-
ted' to 6ubst$ntla! warming even though we m/ffn| 
not see It for over a hundred years. 

The recently relaasad update io the IPCO report con-
linuee the tradition ii sophistry. The updated sum­
mary beff/na "Findings cf scientific research since 
l990 dQ i^ot affect our fundamental understanding ot 
the science Of the greenhouse effect and either con­
firm or do not justify alteration of the major conclu­
sions of the first IPOO Scisntific Asifssmerjt, m 
parttcularthe fcliowlng:". There then follows a list oi 
the more innocuous conclusions of ihe first report 
("the size of the warming Is broadly (emphaels 
pdded) consistent withpredlctlons cf climate models, 
tut it 1$ also of the same magnitude as natural cli­
mate variiblllty, Ihere are many uncenslntles n our 
predictions panicuHfiy with regard to the timing, 
magnitude, end regional patterns of climate change 
due to our Incomplete understanding'), followed by 
the Change ol a ma/or eanier 'certainty', Ihe positive 
water vapour feedback, to.a matter of uncertainty, 
and a number of other retractions as well. 

4 Tha issue ot deep douds (cumulonimbus towers) 
gnd water vapour Is, I have noted, rather technical. 
These towers are tha main mechanism for iunace 
sir to communicate with the interior atrnosphere. 

. Moist air rites in these towers. As this air rises to lev­
els of tower pressure, it expands and cools as does 
refrigerator cooi&nt). As air coo/l. Its capic ty to hold 
walar vapour diminishes. The excess watfr vapour 
condenses Into liquid water or Ise (depending on the 
temperature), in the sim.ple$i models of fumu/on/m-
bus towers, alt the condensed vflpo^Cf 
rtln. When ihe cloud reaches Its top altitude (in m 
simple model), it merges into the atmosphere as sat­
urated (100% relative humidity) alr.ai the cloud op 
temperature. Our crlginal point was thai as the lur-
laTwarmed, cloud air would be more buoyant, and 
would reach hlgnertop levels where the a//" wouW be 
collier and thus hold less water vapour. Hance. W* 
VuDDlv of water vapour to the Interior atrrjosphara 
Sbe Sshed in a warmer dtmata, However, 
ilnca water vapour If the niiln fi^^f^Jf.*^*'f,^.^^^ 
the atmc9pherS,thia reduction wculd Mtjowtrm 
the warming-I.e., provide a neff^f/ve/sef J^J 
then undenook two studies tc check these Ideas, n 
%B first!we uled some data from the . 
^glJ^rpeZ imOO years ago) to set «Wiefrter ine 
colder atmosphere of those timte had ^j^rejvafer, 
vapour Sir^^^^ 

. tRmmIng the notion ot f̂  nefattvê ed̂ ^̂ ^̂ ^̂ ^ 
Our L t Study did not. however '^^j^'^^l^^^ 
nism wa$ actually responsible for ^̂ ^̂ ^̂ f̂̂ lnXe 
Pack. Our second study undertook to exâ tnlne the . 
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atmosphere's water vapour budget In greater detail 
Here we discovered that our original mechanism hid 
a significant problem. Saturated air Irom cloud tops 
constituted too small a source to maintain present 
levels of humidity. The problm. it turned out, was 
Qur assumption that all condensed water vapour in 
the ctoud fell out as rain. Significant amounts are, in 
fact, carried aloft in the cloud and thrown out into, the 
atmosphere mainly as Ice crystals (leading to exten­
sive clrms cloud cover). The main source of water 
vapour lor the atmosphere p^ovesjo be falling 
droplets and Ice crystals which re-evapourate intothe 
environment. What causes a cloud to loft more water 
substance is not totally well known, but it appears to 
be related (not surprisingly) to how last cloud air is 
rising. Our first study did. in lact, show why cloud air 
would rise faster In a colder ciimite. The results of 
the first study will appear in the Journal ol Climate. 
The results of the second study have been submitted 
lor publication In the Journal of the Atmospheric Sci­
ences. Both papers were coautncred with a student, 

• De-Zheng Sun. 

5 In view of the previously mentioned Oaliup Pdh per­
haps the agreement of scientists outside of the atmo-
spheric tdences Is needed. Unforlunateiy, t number 
of studies show that scientists outside of a given dis­
cipline are (with respect to thai discipline) mora influ­
enced by the media than by the scientific literature. 
This Iniiuence Is particularly strong when the media 
proclaim that 'all scientists' agree, There IS a natural 
indlnatian ta support ones peers, 

6 The flavor of much of the joumaUtlc coverage of the 
environment is given by the foUowing quote rem 
feya Ryan, senior producer of Turner televisions 
"Network Earth'and vice president of the Society of 
Environmental Journalists; "I think the environment 
may be the one area where you can say advocacy 
journalism Is appropriate, Indeed vltaL..At eo^e 
Bctnt balanced journalism simply does not give them 
ihe answers, It gives them lssue3.,„Now does seem 
to be the time for rethinking some ot our journalistic 
canons. The •balanced' report, in some oases, may 
no 'long6r.be the most effective, or even the most //>; 
formative. Indeed, It can be debimttng. Can we a -
ford to wait lor our audience to come to Its 

- • ppnalusiontflthinknot." 

(triangles), (From Climate Change, Ths IPCC Sdsntlflc 
Aseesament, iflSO,) 

Figure 2. Expected CQj In the atmosphere acco l̂ng le 
various emissions scenarios, {From Max Planck 
Qeseilschaft, Hamburg.) 

Figure 3. Simplified schematic of the flreenhouse wirm-
lng process. (From Climate Change. The IPCC Scientif­
ic Aesessment, 1990.) 

Figure 4, Schematic liluatrallon of lhe rote of dynamic 
heat transport In modifying greenhouse warming, 

Fidute 5. Combined land air and sea surtace lempera-
tufes relative lo 1951-1960. (a Northern 
Hem sphere, (b) Southern Hemisphere, (c) Olobe., 
( p Z cilmaie Change, Ths iPCO aclentlflc Assess-
merit, 1980,) 

Figure 0. Observed behaviour of globally averaged tflm-
peratures since 1860. as well as expected behaviour 
from models whose squllibriurri response lo a dcuWing 
of COa (ATj,) le indicated on the curves. (From Climate 
Chanoe The IPCC Scientific Assessmenl, 1980.) 

pigura iaflandi 
F/our» 1, Atmotpheric COj increase In t»J« P*«< 250 
years, at indicated by meaaurements on air trapped in 
loe from Sipie Station, Antarctica (squares) and W d • 
rect atmospheric measurements at Mauna Loa. Hftwan 
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'Road to Rio' 
; 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 (ie., substance) took a 
back seat to zany comedy and sunny romance. 

In fact, Buah is only going to Rio because by 
Ms stubborn refusal to support legally-binding lim­
its on emissions of global warming gaaes, 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 
copcemed that he might have found himself at Rio 
in the embarrassing position of opposing an inter­
national global-warming treaty which the other 
heads of state were there to sign. 

But by the use of still-unrevealed pressures, . 
the US negotiators last week won approval from | 
other industrial countries for an agreement which 
requires nations, merely to "assess" their level of 
global-warming emiasions. The accord they have 
agreed to does not require any specific, action to 
curb those emissions. 

The text of the accord is filled with "shoulds" 
and 'Voulds" which qualify virtually every, state­
ment about actions necessary to control global 
warming. In referring to an actual cap on emis­
sions, the dwft text proclaims that a cap "would be 
an appropriate signal by developed countries." A 
signal, apparently, that the developed countries, 

. led by the US, are more interested in photo-ops in 
Rio than forcefal actions at home. 

Bush's pressure on other nations to accept the 
weak accord may stand as one of the most destruc­
tive acts of his presidenc}'. His decision to go to the 
summit will stand aa one of Its most cynical acts. 


