
DOHERTY 
RUMBLE 
& BUTLER 
MOPESSfONAL ASSOCIATION 

VUqm&f DuiiJinv; 

Ib25 M AnwL 

WWrnnKium. D C 3N0h.J3O 

TWephwm,<2na%Ul!W 

RU(20Z)W4WN, 

Minrn^ t : IM^IU Trude Ccn*f 

Jll E J M Swawidi Stnvt 

Saint Paul. MinncMKa 55l0l-49«»» 

!Blft|iiliiiiii (M3 3*4939 

R\X(&xa2MW3D 

SNjM Fmh Street BNHWN 

15*1 S>u(h l ;itth birwt 

MinnvaptiiLv MinmrnuW 55^)2-4235 

t l e p k m * (AO 3 4 0 . 5 ^ 

A X ( b O 340.^84 

RECEIVE 

237%) One Tabor C« 

I2WI Seventeenth 

Denver. Colorado 80202-5823 

Telephone (303) 5724*200 

RU((303) 3724^03 

Attorneys at Law 95 MAR 15 RM *: 

March 15, 1995 ,33 

k p k m W W h m e o n . Q C d 8 c m 

VTA TgPSR^ gxpygg? 

Dr. B u r l w. Haar 
Executive Secretary 
Minnesota P u b l i c U t i l i t i e s Commission 
121 Seventh Place East, S u i t e 350 
St. P a ul, Minnesota 55101-2147 

Re: In the Matter of the Q u a n t i f i c a t i o n 
of Environmental Cost 
Docket No. E-999/CI-93-583 

Dear Dr. Haar: 

• Enclosed f o r f i l i n g on behalf of Western Fuels A s s o c i a t i o n , 
Inc., L i g n i t e Energy Council, the Center f o r Energy and Economic 
Development, and the State of North Dakota, please f i n d an 
o r i g i n a l and twelve copies of testimony i n the above-referenced 
case. The larger notebook, labeled Carbon Dioxide Science Panel, 
contains the testimony of Dr. Frederick S e i t z , Dr. Richard 
•Lindzen, Dr. Robert B a l l i n g , Dr. P a t r i c k Michaels, and Mr. K e i t h 
Idso. The smaller notebook, labeled Carbon Dioxide P o l i c y Panel, 
contains the testimony of Mt. P h i l i p Burgess, General Richard 
Lawson, and Mr. Jack S i e g e l . Concurrently w i t h the f i l i n g of 
t h i s testimony, we are supplying an o r i g i n a l and one copy to 
Administrative Law Judge A l l a n K l e i n and f o u r copies to the 
Department of P u b l i c Service. Judge K l e i n 7 s package and the 
Department of P u b l i c Service's package each c o n t a i n a d i s k i n 
Word Perfect 5.1 format containing the above-referenced 
testimony. 

Western Fuels A s s o c i a t i o n , Inc., L i g n i t e Energy Council, the 
Center f o r Energy and Economic Development, and the State of 
North Dakota are cosponsoring t h i s testimony i n order to present 
our carbon dioxide witnesses i n a coordinated manner and, 
hopefully, to avoid d u p l i c a t i o n . We hope t h i s format w i l l make 
our carbon dioxide testimony more focused and understandable f o r 
the Judge and the Commission. 



DOHERTY 
RUMBLE 
& BUTLER 
PROFESSIONAL ASSOCIATION 

Minnesota Public U t i l i t i e s Commission 
March 15,\1995 

We are enclosing one copy of t h i s l e t t e r that we ask that 
you have filed-stamped and return to me i n the enclosed stamped 
and self-addressed envelope. 

Thank you. 

Sincere 

Peter Glaser 
Attorney f o r Western Fuels 
Association, Inc. 

Enclosures 

cc: A l l parties on attached service l i s t 



CERTIFICATE OF SKRVTHF B Y MATT, 

I hereby certify that on March 15, 1993,1 served on all the parties herein by mailing, 

regular mail, postage prepaid, a true, exact and full copy of the testimony of each of the 

following: Dr. Frederick Seitz, Dr. Richard Lindzen, Dr. Robert Balling, Dr. Patrick 

Michaels, Mr. Keith Idso, Mr. Philip Burgess, General Richard Lawson, and Mr. Jack 

SiegeL Four complete copies have been sent by Federal Express to the Minnesota 

Department of Public Service. 

Peter Glaser 
Doherty, Rumble & Buder, PA 
1625 M Street, N.W. 
Washington, D.C. 20036-3203 

Attorney for 
Western Fuels Association, Inc. 
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1 T 8 8 T ^ 0 ^ OF OR̂  FREDRICK 82^2 

2 

3 ^ Please state your name and business address f o r the 

^ record. 

5 A. My name Is Dr. Frederick S e i t z . My business address I s 

^ tbe Rockefeller ^ n l v e r s i t y ^ 1230 ̂ ork ^venue^ Me^ ^ork^ 

^ M^ 10021 6399. 

8 ^. Please state your q u a l i f i c a t i o n s f o r presenting t h i s 

9 testimony. 

L0 A. 1 am currently tbe President Emeritus of ̂ be Rockefeller 

1^ university In Mew york C i t y and Chairman of tbe Ooard of 

12 Directors of the 6eorge C. Marshall I n s t i t u t e . 

13 Rockefeller university, o r i g i n a l l y c a l l e d the Rockefeller 

1^ I n s t i t u t e f o r Medical Research, Is p r i n c i p a l l y a 

15 s c i e n t i f i c u niversity, founded by John D. Rockefeller, 

16 Sr. In 1901, devoted to advanced research and teaching In 

17 the natural sciences. I t has a graduate school leading 

18 to a degree of doctor of philosophy. I t also supports 

19 several hundred postdoctoral research Investigators as 

20 well as a tenured f a c u l t y . ^he George C. Marshall 

21 I n s t i t u t e Is a no t - f o r - p r o f i t study center located In 

22 Washington, D.C. I t was established In the e a r l y 1980s 

23 and has been devoted to studies In the p u b l i c Interest 

2^ related to science and technology. Including matters 

25 associated with the environment, space science and 

26 national defense. I t holds f^eguent guestlon-and-answer 

27 discussions around special t o p i c s f o r the benefit of 



1 guests from the media and soienoe-reiated public and 

^ private agencies. 

3 

^ 1 am a past president of tbe National Academy of 

5 Sciences and ^be American Physical Society. 1 am also a 

^ former Chairman of ^he Defense Science ^oard of the 

7 Department of Defense and former Science Advisor to ^he 

^ North A t l a n t i c ^rea^y Organization as well a s a r e c i p l e n ^ 

9 o^ the National Medal of Science and the Vannevar 8ush 

10 Medal of the National Science Foundation for 

11 contributions ^o science. My undergraduate degrees were 

1^ i n p h y s i c s and mathematics at Leland S t a n f o r d ^ n i v e r s i ^ y 

13 i n C a l i f o r n i a . My doctoral degree was received at 

1^ Princeton university. During my periods as president 

15 f i r s t of ^he National Academy of Sciences and thenof ^he 

16 R o c k e f e l l e r ^ n i v e r s i t y , 1 becamebroadly conversant with 

17 most f i e l d s of science. An extended statement of my 

18 career i s given i n ^he attached material i n the form of 

19 a curriculum vi^ae. 

^0 ^. What i s the purpose of your testimony^ 

^1 A. My purpose i s to o f f e r my observations to the Minnesota 

^ Commission concerning the s c i e n t i f i c basis for 

^3 recommendations that public p o l i c y bodies should take 

^ actions now or i n the near future because of a concern 

^5 ^hat anthropogenic emissions of carbondioxide and other 

^ gases may lead ^o global climate change. S p e c i f i c a l l y , 



10 

1 1 have reviewed the portions of ^he testimony of 

^ Christopher Oavis of the Department of Puhiio Service, 

3 Peter Cihorowski of ^he Minnesota P o l l u t i o n Control 

^ Agency and Stephen 8ernow on hehalf of the l^aak Walton 

5 League, e^ a i ^ , ^ha^ relate to the science behind ^he 

^ global warming hypothesis. 1 note that t h i s testimony 

7 seems to be based i n large p ^ t on the witness^ 

8 in^erp^eta^ionof the work of the Intergovernmental Panel 

9 on Climate Change. 1 m̂ concerned that the Commission 

may misread t h i s testimony and conclude that there i s 

11 some kind of international s c i e n t i f i c consensus that 

1^ ^here i s a s c i e n t i f i c a l l y based need for governments to 

^ ^ake immediate strong action to counter the threat of 

^ global warming. 1 no^e i n t h i s regard the testimony of 

^ Dr. ^ernow recommending that the Minnesota Commission 

^ ^akea ^leadershiprole^ and implementpoliciesbasedon 

1^ reducing carbon dioxide emissions to 80^ or even 50^ of 

8̂ current le v e l s . 

19 

My testimony i s submitted as a part of ^ ^panel^ of 

^1 f i v e s c i e n t i s t s on ^he science of global warming. My 

^ ^es^imony w i l l present an overview of the s c i e n t i f i c 

^ method - how science works to further our understanding 

^ cf the natural world. 1 w i l l then discuss the 

^ li m i t a t i o n s of the greenhouse hypothesis within the 

^ context of the scien^ificmethod. 1 w i l l conclude that 



1 i t cannot be s c i e n t i f i c a l l y demonstrated ^bat 

^ ^tbropogenicemissionsofcarbondioxideandotber gases 

3 represent a serious threat tomankind i n the foreseeable 

^ future. 

5 

6 Iheo^her ^panel^members are Or. Richard Lindzenof 

7 the Massachusetts I n s t i t u t e of technology, Or. Robert 

8 c a l l i n g of Arizona State u n i v e r s i t y , Dr. Patrick Michaels 

9 of t h e ^ n i v e r s i t y of ̂ i r g i n i a a n d ^ e i t h l d s o , a research 

10 s c i e n t i s t wi^h the I n s t i t u t e f o r ^iospheric Research at 

11 Arizona S^ate^niversi^y. Dr. Lindzen^s testimony w i l l 

1^ foc^s primarily on ^he l i m i t a t i o n s of the computer 

13 simulation models, known as CCMs or Ceneral C i r c u l a t i o n 

1^ Models, on which the greenhouse hypothesis i s primarily 

15 based. Dr. c a l l i n g and Dr. Michaels w i l l t e s t i f y that 

1^ the greenhouse hypothesis i s not supported by actual 

17 climatologicalobserva^ions, tha^ i s , t h e p r e d i c t i o n s o f 

18 climate change generated by the models are contradicted 

19 by phenomena observed i n the natural world. ^hey w i l l 

^0 also t e s t i f y that ^he p r i n c i p l e c l i m a t o l o g i c a l 

^1 conseg^ences of global climate change that concern 

^ Messrs. Davis and Ciborowski and Dr. 8ernow D such as 

^3 dramatic sea l e v e l r i s e , increased storminess and ma^or 

^ ecologicalchange-are not l i k e l y to occur. F i n a l l y , Mr. 

^5 Idso, w i l l present the r e s u l t s of two studies he has 

^ cond^c^ed showing tha^ increasing atmospheric carbon 



1 dioxide levels are l i k e l y to produce b e n e f i c i a l e f f e c t s 

2 for plant l i f e . 

3 Q. Please present your testimony. 

4 A. My testimony i s submitted i n the form of the attached 

5 paper. In addition, I am attaching the following 

6 publications which I co-authored with two other 

7 distinguished s c i e n t i s t s f o r the Marshall I n s t i t u t e 

8 e n t i t l e d S c i e n t i f i c Perspectives on the Greenhouse 

9 Problem (1989) ( f u l l text and executive summary); Global 

10 Warming: What Does the Science T e l l Us? (1990) ; and 

11 Global Warming: Recent S c i e n t i f i c Findings (1992). 



^ A ^ D ^ 

^ ^ ^ ^ ^ O F D ^ F R ^ ^ m c x s ^ ^ 
M I N ^ S O ^ P U B L I C ^ ^ ^ ^ S COMMISSION 

MARO^ 1 ^ 1995 

Tho dramatic success that s c i e n t i f i c research has had i n 

revolutionizing our understanding of the natural world and i n 

advancingalmost a l l forms of technology depends c r i t i c a l l y on the 

application of a t i g h t l y controlled i n t e r p l a y of speculation and 

experiment, guided hy i n t u i t i o n and l o g i c . Moreover, i t i s 

essential for the process that the experiments which lead to 

conclusions he repeatahle, so that they can he rechecked hoth hy 

the originalohservers and hy others who h a v e a c o m p a r a h l e i e v e i o f 

expertness. This i s usually achieved most e a s i l y when the system 

under study e x h i h i t s a f a i r l y d i r e c t causeand e f f e c t r e l a t i o n s h i p 

that can he readily demonstrated. Indeed, the art of good 

experimentation usually involves a struggle to i s o l a t e the systems 

that are under observation i n such away that the coupiinghetween 

theory andexperiment can he made a s d i r e c t l y a s p o s s i h i e . That i s 

why so much s c i e n t i f i c research centers about sp e c i a l purpose 

laboratories involving egually s p e c i a l i z e d and controlled 

eguipment. Over thecentury, g o o d s c i e n t i s t s , awareof thedegree 

to which unexpected factors may determine the outcome of an 

experiment and lead to f a l s e r e s u l t s , have learned to become 

cautious about the way i n which they announce the r e s u l t s , hoping 

either that others w i l l soon confirm them, or that they w i l l f i n d 

an even more dir e c t way of supporting the conclusions they have 

drawn. Cood s c i e n t i s t s tend to have a streak of b u i l t - i n 

professional conservatism with regard to going p u b l i c . 



An excellent example cf t h i s occurred recently i n r e l a t i o n to 

experiments being carried out at the National Fermi Accelerator 

Laboratory near Chicago. For several years the s c i e n t i s t s there 

have been looking for a new p a r t i c l e which i s predicted to be 

produced when atoms having a high energy o^ motion c o l l i d e . The 

basis ^or the search i s a promising but s t i l l speculative theory. 

The careful systematic experiments carried out at the Fermi 

Laboratory seem to indicate reasonably c l e a r l y that the predicted 

p a r t i c l e does indeed e x i s t , yet the group involved, showing 

characteristic professional caution, hesitated to publish t h e i r 

preliminary results u n t i l they f e l t that they were f u l l y confirmed 

by additional repetitive experiments. Actually, i n t h i s instance, 

individuals i n o t h e r l a b o r a t o r i e s reguested that they p u b l i s h t h e i r 

results, preliminary though they might be, i n order that the 

broader scientificcommunity interested i n t h e f i e l d w o u l d know the 

current state of a f f a i r s insomedegree of d e t a i l . The s c i e n t i s t s 

i n the Fermi Laboratory complied, but with appropriate statements 

of reservation i n t h e i r publication. 

This i s not to say that w i t h i n t h e confines of ameetingwith 

professional peers a s c i e n t i s t w i l l not be outspoken concerning a 

highly speculative concept he or she would l i k e to be believe i s 

v a l i d but has not yet been proven. This i s part of the healthy 

internal l i f e of the profession. For example, on one occasion 

several decades ago a great v i r o l o g i s t offered, i n a highly 

dramatic manner, the suggestion to colleagues attending a meeting 

of the National Academy of Sciences that they look for a possible 



connectionbetween the onset of oanoer and the presence of viruses 

i n the cancer c e i l s . This was a purely speculative idea at the 

time that was offered i n order to provide a forum of guidance for 

cooperative research to experts i n the f i e l d . 

Unfortunately, there are many areas of investigation i n which 

the most ideal form of d i r e c t experimentation i s not possible 

because of the intrusion of complexity. This occurs, f o r example, 

when the effects being measured are influenced by a v a r i e t y of 

concomitant factors and I t i s humanly impossible to achieve the 

most desirable form o^ i s o l a t i o n of the system under study. Such 

i s almost certain to be the case when dealing with large-scale 

geophysical phenomena, such as those related to the ocean, the 

atmosphere, and the land masses, i n which many factors combine to 

influence the system being observed. For example, we s t i l l do not 

know for certain what caused the great ice ages of past mille n n i a , 

although i t seems clear that the wobbling of the axis of rotatio n 

of theearthmay haveplayeda s i g n i f i c a n t r o l e . I t i s only within 

recent decades, withthedevelopment of h i g h a l t i t u d e r o c k e t s , that 

we have begun to have a reasonably cl e a r understanding of the 

o r i g i n o^ the so-calledNorthern Lights. In fact , there i s s t i l l 

much to be learned about them since, among other things, complex 

events that take place on the surface of the sun play a ma^or r o l e 

in influencing v a r i a b i l i t y . 

During the l a s t century s c i e n t i s t s recognized that some gases 

occurring naturally i n the atmosphere, such as water vapor and 

carbon dioxide, serve as something i n the nature of a thermal 



blanket, preventing Incoming solar r a d i a t i o n tbat i s absorbed near 

tbe eartb^s surface from being re-radiated into outer space as 

infrared radiation. i n fact, tbe amount of sucb gases tbat bas 

normally been present i n tbe recent past bas been s u f f i c i e n t to 

raise tbe temperature near tbe surface of tbe eartb by about s i x t y 

degrees ^abrenbeit above wbat i t would be witbout tbe carbon 

dioxide. Wbile water vapor i s tbe most important, about ten 

percent of tbe warming i s attributed to carbon dioxide. Otber 

gases sucb as metbane can play a s i m i l a r additional r o l e i n 

contributing to tbe thermal blanket. 

Studies of ancient ice sucb as tbat i n tbe polar caps sbow 

tbat tbe amount of carbon dioxide i n tbe atmosphere has varied from 

period to period so that the warming blanket has had a variable 

history. I t i s s t i l l an open s c i e n t i f i c guestion concerning the 

degree to which the earth^s temperature i n tbe past and the amount 

of carbon dioxide present i n tbe atmosphere at a given time 

correlate with one another - a basic s c i e n t i f i c issue. 

Once the i n d u s t r i a l and domestic use of f o s s i l fuels such as 

coal, o i l , and natural gas began to increase with the growth of 

modern industry i n the l a s t century, several s c i e n t i s t s began to 

wonder i f the additional, so-called anthropogenically released 

carbon dioxide would cause an increase i n tbe average temperature 

near the surface of tbe earth and produce additional ^global 

warming,^ that i s , warming i n addition to what would occur 

naturally. This topic was, i n fact , brought to focus anew i n the 

1950s by tbe famous earth s c i e n t i s t Dr. Roger R. 0. Revelle of the 



Scraps I n s t i t u t i o n of OooanograpbyD ^e noted not only that the 

amount of oarhon dioxide i n the atmosphere was indeed r i s i n g , hut 

that the mean temperature of the earth^s surface had ris e n hy 

nearly one degree fahrenheit over the previous century. I t should 

he emphasized that Reveiie always heiieved that i t was of primary 

importance to understand the underlying s c i e n t i f i c facts involved 

i n t h i s relationship and exhibited the t y p i c a l caution of a good 

s c i e n t i s t . ^e did not leap to conclusions that would reguire 

immediate responses from governments that could have a hearing on 

the course of our i n d u s t r i a l c i v i l i z a t i o n . 

At the heart o^ matters related to the p o s s i b i l i t y of 

anthropologically induced warming are two basic guestions. F i r s t , 

which came f i r s t , the warming or the r i s e i n carbon dioxide 

observedduring the past century; second, w i l l any such r i s e i n the 

future have serious conseguences for mankind, for example, during 

the next century? Revelle, as a prominent thinker on s o c i a l and 

environmental issues, was not at a l l unmindful of tbe p o s s i b i l i t y 

that serious conseguences might r e s u l t from the accumulation of 

anthropogenic carbon dioxide i n the atmosphere, but also f e l t 

s t r o n g l y t h a t t h e u n d e r l y i n g s c i e n t i f i c issues should beunderstood 

much more c l e a r l y before the s c i e n t i f i c community should make any 

strong recommendations concerning i n d u s t r i a l or domestic practices 

that could have far-reaching, unfavorable economic or s o c i a l 

conseguences. 

Regarding the two guestions ^ust mentioned, i t should be 

emphasized that r i s e s and f a l l s i n mean global temperature of the 



order of one or two degrees fahrenheit appear to have heen gnite 

common since the end of the l a s t i c e age, ten or twelve 

thousand years ago. Such variations must he regarded to he the 

result o^ natural factors, perhaps va r i a t i o n s i n the output of 

solar energy. In t h i s connection. Or. Louis A. Scuderi, studying 

variations i n growth rings i n trees which have heen preserved over 

the past two thousand years (see the s c i e n t i f i c journal Science, 

Volume 259, 1433-1436, 1993), noted that the more or less average 

lengthen thewarmingandcooling period hasheenahout one hundred 

and twenty-five years so that the r i s e i n global temperature that 

hasheen ohservedover the l a s t century could h e p r i m a r i l y a r e s u l t 

of natural factors i n the main. In keeping with t h i s p o s s i b i l i t y 

are two important observational facts: f i r s t the decade to decade 

variations i n tbe r e l a t i v e l y recent r i s e of temperature do not 

match themore steady r i s e i n theuse of f o s s i l fuels very closely 

but do correlate much better with variations i n solar a c t i v i t y . 

Second, the global temperature has remained e s s e n t i a l l y constant 

over the past f i f t e e n years or so, as i f we may be near tbe peak of 

a cycle of r i s i n g temperature. 

In order to emphasize the complexities of the s i t u a t i o n one 

^aces i n t r y i n g to make decisions concerning possible additional 

increases i n global temperature i n the next century, i t should be 

noted that we have incomplete information concerning three basic 

factors that are involved. These are length of time that carbon 

dioxide released i n the atmosphere remains there before 

interchanging with what might be c a l l e d natural temporary storage 



reservoirs o^ the gas on land or sea, the degree to whioh suoh 

reservoirs are saturated at present, and the rate at whioh snoh 

temporary reservoirs feed into more iong-term, permanent forms of 

storage of oarhon either hy physical or h i o i o g i o a i means. Studies 

of the fate of the radioactive carhon dioxide produced during 

open-air t e s t ^ of nuclear weapons i n the 1960s indicate f a i r l y 

c l e a r l y that the exchange o^ anthropogenic carhon dioxide with that 

i n the f i r s t type o^ reservoir i s of the order of f i v e years. 

Unfortunately we do not have accurate knowledge of the extent to 

which such reservoirs are saturated or the rate at which the carhon 

dioxide hecomes more permanently hound. 

beyond t h i s , we have only p a r t i a l knowledge of the r e l a t i v e 

amounts of atmospheric carhon dioxide produced hy h i o l o g i c a l 

sources, hy volcanoesorhy therelease fromsomenatural reservoir 

as a conseguence of glohal warming i t s e l f . ^oth time and 

intentionally directed s c i e n t i f i c research would he reguired to 

resolve such issues further. Fortunately thepresent l e v e l i n g o f f 

i n the r i s e o^ glohal temperatures indicates that we do have such 

extended time available. 

I t isperhapsunderstandahlethat s o m e s c i e n t i s t s s h o u l d h e s o 

concerned about the possible effects of additional warming that 

they are w i l l i n g to t r y to s h o r t - c i r c u i t the time that would be 

reguired to resolve such basic issues by what 1 regard as the 

t r a d i t i o n a l methodsof science basedoncareful observations. Some 

sc i e n t i s t s , for example, are attempting to develop computer 

simulations of processes that could cause changes i n global 



temperatures using the large computers now avai l a b l e . While 1 

admire such heroic e f f o r t s , andhopethat i n t h e long runthey w i l l 

prove to serve as a u x i l i a r y aids i n processing experimental data, 

1 cannot regard themasheing i n a n y sensea substitute f o r results 

obtained by more dir e c t measurements, granting that time i s needed 

for such measurements. The r e l i a b i l i t y of r e s u l t s which are 

generated by a computer depends on the r e l i a b i l i t y of the 

information fed into i t . We c l e a r l y need better experimental 

information than we now have i f we are to begin to understand the 

l e v e l o^ global warming we may expect by the years 2025, 2050, or 

2100. 

I t shouldbe addedhere that none of the computer simulations 

carried out thus far have succeeded i n giving r e s u l t s which 

describewithreasonableaccuracy the d e t a i l s of the r i s e i n global 

temperature which we have experiencedduring the l a s t century or 

so. This shows that ma^or inputs are lacking i n t h e computer-based 

methods used at present. ^ow even more u n l i k e l y i s i t that such 

methods w i l l p r e d i c t w i t h any r e l i a b i l i t y whatwe canexpect i n t h e 

next century with tbe present l e v e l of knowledge. 

Some s c i e n t i s t s are so deeply concerned about what might be 

c a l l e d t h e p o s s i b i l i t y of a ^worst-caseD s i t u a t i o n w i t h r e s p e c t to 

global warming i n tbe next century that they i n s i s t that we should 

make radical changes i n our i n d u s t r i a l c i v i l i z a t i o n s t a r t i n g 

immediately. Such changes would involve substantial s h i f t s i n the 

use of available resources and cause changes i n both the course of 

i n d u s t r i a l development and the s t y l e of l i v i n g found i n the most 

8 



advanced i n d u s t r i a l countries. Such ind i v i d u a l s are apparently 

unwilling to abide with the pace at which the t r a d i t i o n a l methods 

of s c i e n t i f i c research canhe expected to g i v e u s a clearer picture 

of the nature andmagnitude of such a threat. Their a c t i v i t i e s are 

carried on through many channels and t h e i r recommendations receive 

muchattention fromcomponents of themedia which en^oy p u b l i c i z i n g 

sensational viewpoints. They have been p a r t i c u l a r l y active i n the 

meetings of the Intergovernmental Panel on Climate Change of the 

World Meteorological Organization and the United Nations 

environmental Program whichwascreated i n 1988. This organization 

held a much publicized ma^or meeting i n B r a z i l i n 1992 and 

continues to issue reports p e r i o d i c a l l y . 

The reports of the Intergovernmental Panel on Climate Change 

are usually prepared i n two forms. At base i s a large detailed 

technical report generated by tbe numerous s c i e n t i s t s serving on 

specialized committees and subcommittees. Associated with i t i s a 

much bri e f e r summarizing report prepared by a very selected group 

of participants. While the larger technical report generally 

exhibits the t r a d i t i o n a l forms of reservations regarding the 

interpretation of s c i e n t i f i c information derived from research i n 

complex situations, the summarizing report, which i s much more 

l i k e l y to be readby governmental o f f i c i a l s and representatives of 

themedia, tends to bebased less on the contents of the technical 

report, with i t s cautionary statements, andmore upon the opinions 

of the members of the special committee which prepared i t . In 

fact, the summarizing report usually supports the view that 



immediate action should he taken. This d i s p a r i t y between the two 

reports has become a source of controversy within the s c i e n t i f i c 

community. For example, the widely read international s c i e n t i f i c 

journal Nature has had several e d i t o r i a l s during the past year 

c r i t i c i z i n g the authors of the summarizing reports for mis-using 

the s c i e n t i ^ i c m a t e r i a l made available to themby those working on 

the basic reports. (See ^or example Nature. Volume 371, page 269, 

1994; Volume 372, page 400, 1994). 

I t i s freguently stated i n the press or by i n d i v i d u a l s i n 

Washington that the views of the s c i e n t i s t s who desire to have the 

international community take immediate and stringent action that 

would substantially change present-day i n d u s t r i a l and domestic 

practices are characteristic of the great majority of s c i e n t i s t s . 

That i s , only a small minority has the opposite opinion and would 

follow a more t r a d i t i o n a l s c i e n t i f i c approach to the issue of 

potential global warmingbefore making a decision. 1 believe that 

the reverse actually i s tbe case. Most good s c i e n t i s t s would l i k e 

to be far more certain about the factors which influence global 

warming under existingcircumstances before makingsuchadecision. 

They a r e n o l e s s concernedaboutthewell-beingof humanity and the 

^ate o^ the planet but, l i k e 1, believe we have the time to 

comprehend the trends more f u l l y . 

i 0 
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^oardandCommittee Memberships^ Consultant A c t i v i t i e s 

1. CORPORAL 
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D i r e c t o r : (1961-19^) 
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D i r e c t o r : (1965-1971) 
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D i r e c t o r : (1988-1190) 

Ogden Corporation 
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committee Memberships. Consultant A c t i v i t i e s ^ o n t i n u e ^ 
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O f f i c e of Naval Research 
Naval Research Advisory Committee 
(Chairman: 19^0-19^2 
Member: 1955-1971) 

^) O f f i c e of Technology Assessment 
Panel on New b a l l i s t i c M i s s i l e Defense Technology 
(Member: 1985) 

k) S e l e c t i v e Service System 
N a t i o n a l S e l e c t i v e S e r v i c e Science Advisory Group 
(Member: 1965-1970) 



F. S e i t z , page 5 

Committee Memberships. Consultant A c t i v i t i e s (continued) 
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North A t l a n t i c Treaty O r g a n i z a t i o n 

Science Advisor (1959-1960) 

FOREIGN 
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^oard and Committee Memberships. Consultant A c t i v i t i e s (continued) 
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F x - o f f i c i o member 
S o l i d State Science D i v i s i o n (Consultant: -1965) 



F. S e i t z , page 7 

8oard and Committee Memberships. Consultant A c t i v i t i e s c o n t i n u e d ) 

U n i v e r s i t y o^ I l l i n o i s 
Physios Department: Research Professor (1949-1965) 
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Professor of Ph y s i c s . 
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Advisory Committee of S c i e n t i s t s (Member: 1967-1970) 

U n i v e r s i t y of Texas 
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Advisory Committee f o r the Marine biomedical I n s t i t u t e 
(Member: 1975-1978) 

4. INTERNATIONAL AND FOREIGN ORGANIZATIONS 

Belgian American Fducational Foundation, Inc. 
(Member and Trustee 1975- ) 

I n t e r n a t i o n a l Council of S c i e n t i f i c Unions 
Committee on Science and Technology i n Developing Countries 
(Member: 19^6-1969) 

I n t e r n a t i o n a l Union of Pure and A p p l i e d Physics 
Vice President (1960-196^) 
United States N a t i o n a l Committee 
(Member-at-large: 19^8 
Chairman: 19^1-19^7 
American P h y s i c a l Society Representative: -1974) 

Royal Society o^ A r t s 
^en^amin F r a n k l i n Fellow: (member-at-large: 1968-1970) 
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5. ACADEMIES ABROAD 

Academy of Rumanian Peoples Republic 
Physics Section (Honorary Member: 1965- ) 

Akademie de Natur Wissenschafter, Goettingen, Germany 
(Corresponding Member: 1962- ) 

Deutsche Akademie de Naturforscher Leopoldina, H a l l e , Germany 
(Member: 1964- ) 

"Ettore Majorana" Centre f o r S c i e n t i f i c C u l t u r e , E r i c e , S i c i l y 

Foreign Member of the F i n n i s h Academy of Science and L e t t e r s 
(elected 1974) 

L'Academie Suisse des Sciences, B a s e l , S w i t z e r l a n d 
(Honorary Member: 1966- ) 

World Academy of A r t and Science 
(Fellow: 1962- l i f e t i m e membership) 
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I n s t i t u t i o n s and A s s o c i a t i o n s 

Accuracy i n Media, Inc. 
National Advisory Board (Member: 1972- ) 

American Academy of Achievement 
Executive Committee (Member: 1966-1968) 
Colden P l a t e Award R e c i p i e n t 1966 

American Academy of A r t s and Sciences (Fellow: e l e c t e d 1962) 

American A s s o c i a t i o n of U n i v e r s i t y P r o f e s s o r s 

American C r y s t a l l o g r a p b i c A s s o c i a t i o n 

American Foreign Service A s s o c i a t i o n 
(Associate Member: 1967-1969) 

American I n s t i t u t e of Mining, M e t a l l u r g i c a l and 
Petroleum Engineer, Inc. (e l e c t e d 1939) 

American I n s t i t u t e of Physics 
Governing Board (Chairman: 1954-1959) 

Member: Fl e e t e d by American P h y s i c a l S o c i e t y 
1960-1969 

Committee on Physics and Soci e t y (Chairman: 1970-1973) 
Long Range Planning Committee (Chairman: 1972-1974) 
Council of the Friends of the Center f o r H i s t o r y of Phys i c s 

(Member: 1975- ) 

American Museum of Natural H i s t o r y 
Centennial Committee (Member: 1969-1970) 
Trustee (1975- ) 

American P h i l o s o p h i c a l S o c i e t y (Member: 1949- ) 
Committee on Research (Member: 1972-1975) 
Committee on Membership, Class 1, Mathematical and 

P h y s i c a l Sciences (Member: 1972-1973) 
Committee on Development (Member: 1982-1985) 

American P h y s i c a l S o c i e t y 
(President: 1961) 
Council Member: Representative on American I n s t i t u t e of 

Physics Governing Board - see A1P 
Representative on U.S. N a t i o n a l Committee f o r the I n t e r n a t i o n a l 

Union of Pure and App l i e d P h y s i c s : 1961-1974 

American Society f o r Engineering Education 

Argonne U n i v e r s i t i e s A s s o c i a t i o n - see U n i v e r s i t i e s P o l i c y 
Advisory Board (Member: 1965-1967) 

Aspen I n s t i t u t e f o r Humanistic Studies - (Member: 1967-1969) 

A s s o c i a t i o n of American U n i v e r s i t y Presses, Inc. 
Advisory Council (Member: 1964-1965) 

A t l a n t i c Legal Foundation, Board of A d v i s o r s , Member: (1991- ) 
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I n s t i t u t i o n s and A s s o c i a t i o n s (continued) 

Bohemian Club - S p e c i a l F a c u l t y Member (1966- ) 

The C a l l i e r Center f o r Communication Disorders 
Trustee: 1976-1978) 

Century A s s o c i a t i o n - Resident Member (1970- ) 

Commission on Independent Colleges and U n i v e r s i t i e s (C1CU) 
Graduate Programs Committee (Chairman: 1975-1976) 

Committee f o r and E f f e c t i v e UNESCO 
Executive Board (Member: 1976) 

Committee t o Maintain a Prudent Defense P o l i c y 
(Member: 1969- ) 

Commonwealth Fund Book Program 

Advisory Board (Member: 1982- ) 

Cosmos Club 

Education ^ World A f f a i r s 

Board of Trustees (Member: 1963-1968) 

F r a n k l i n I n s t i t u t e - j o u r n a l See PUBLICATIONS 

George C. Marshall I n s t i t u t e 
Chairman, Board of D i r e c t o r s (1984- ) 

^ohn Simon Guggenheim Memorial Foundation 
Educational Advisory Board (Member: 1965-1969) 
S p e c i a l Advisor on Fellowship A p p l i c a t i o n s 
Chairman of the Board of Trustees (1976-1983) 
Nominating Committee (Member: 1974-1983) 

Hudson I n s t i t u t e 
Prospects f o r Mankind P r o j e c t Advisory Board 
(Member: 1975-1976) 

I n s t i t u t e f o r Defense Analyses (IDA) - Sponsoring Member: 
Representative of U n i v e r s i t y of I l l i n o i s (1964-1965) 
Board of Trustees (Member: 1964-1965, 1970- ) 
Executive Committee (Member: 1970- ) 

I n s t i t u t e f o r the Future 
Permanent Trustee of the Corporation (Elected 1968) 
Executive Committee (Member: 1971-1974) 

I n s t i t u t e of I n t e r n a t i o n a l Education (11E) 
Board of Trustees (Member: 1971-1978) 

I n t e r n a t i o n a l Club of Washington (1964-1969) 

I n t e r n a t i o n a l Health Resource Consortium 
Vice Chairman of the Board (1977-1979) 

L.S.B. Leakey Foundation (Founding Board Member: 1968) 
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(Chairman: 1982-1987) 

National Science Foundation 
Alan T. Waterman Award Committee (Member: 1977-1980) 

National Space Association 
Board of Governors (1975- ) 

New ^ork Academy of Sciences 
E d i t o r i a l Board (Member: 1983- ) 
Science Policy Association (Steering Committee: 1985- ) 



FD S e i t z , page 12 

Institutions and Associations (continued) 

Nutrition Foundation 
Board of Trustees (Member of Corporation: 1964-1985) 
Board of Directors 
Executive Committee (Member: 1972-1985) 
Special Review Committee (Member: 1968-1969) 
Nominating Committee (Member: 1982- ) 

Cptical Society of America 

P a c i f i c Science Center Foundation, Board of Trustees 1962 

Pbi Beta Bappa, Pbi Beta Bappa Associates (Fleeted 1969) 

Polytechnic I n s t i t u t e of Brooklyn - Policy Planning Board 
(Member: 1971-1974) 

Research Corporation 
Board of Directors (Member: 1966-1982) 
Executive Committee (Member: 1970-1982) 

Rockefeller Foundation 
Board of Trustees (Member: 1964-1977) 
Executive committee (Alternate: 1964-1965) 

(Member: 1966-1977) 
Nominating Committee (Member: 1966-1967) 

(Chairman: 1967-1968) 

Rock e f e l l e r U n i v e r s i t y 
President: ^uly 1968 - ^une 1978 
Board of Trustees (Member: 1966-1978) 

Science Service 
Committee on Development (Member: 1969-1974) 
Board of Trustees (Member: 1971-1974) 

Sigmaxi 
Committee on the Common Wealth Awards Program 

Vice Chairman: (1981) 
Member: (1981-1986) 

Sloan-Bettering I n s t i t u t e for Cancer Research 
Chairman of the Board (1978-1983) 

Society of Naval Architects ^Marine Engineers 
Special Member 1965 

Te l l e r Foundation, Board of Advisors, Member: (1991- ) 

Texas Instruments Incorporated 
Board of Directors (Member: 1971-1982) 

United A i r c r a f t Corporation 
Board of Directors (Member: 1969-1971) 

Universal Movement of S c i e n t i f i c Responsibility 
Board of Directors (Member: 1975-1980) 



FD S e i t z , page 13 

I n s t i t u t i o n s and A s s o c i a t i o n s (continued) 

U n i v e r s i t i e s Research A s s o c i a t i o n , Inc. (URA) 
Chairman of the Council of P r e s i d e n t s 1974 
Vic e President (1965-1969) 
Executive Committee (Member: 1965-1969) 

U n i v e r s i t i e s Space Pesearch A s s o c i a t i o n , Inc. (USRA) 
Council (Chairman): 1971, 1972 

Vice Chairman: 1969-1970) 
Board of Trustees and Executive Committee 

(Ex-officioMember: 1971-1978) 
Lunar Science I n s t i t u t e - Member 

U n i v e r s i t y Corporation f o r Atmospheric Research (UCAR) 
Trustee (1975-1982) 

Volunteers f o r I n t e r n a t i o n a l T e c h n i c a l A s s i s t a n c e (VITA) 
Advisory Council (Member: 1964-1966) 
Board of D i r e c t o r s (Member: 1965-1973) 

Washington Academy of Sciences: Eellow (Elected 1967) 

Washington Center f o r M e t r o p o l i t a n Studies 
Board of Trustees (Member: 1962-1968) 

Woods HoleOceanographic I n s t i t u t i o n (WH01) 
Member of the Corporation 
Department of P h y s i c a l Oceanography 
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Woodrow Wilson National Fellowship Foundation 
Trustee: (1972D1982) 
Chairman: (1974-1982) 
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T b e M o d e r n T b e o r v o f S o l i d s (1940) - autbor 
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E d i t o r i a l Board (Member: 1966- ) 
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PRINCIPAL FINDINGS 

. current forecasts of the man-made greenhouse effect do not 
appear to be sufficiently accurate to be used as a basis for 
sound national policy decisions. 

. Forecasters cannot rely on the temperature increase observed 
in the last 100 years as an indicator of greenhouse warming in 
the next century. 

• Policy makers would be wise to invest in the additional re
sources needed to improve the reliability of greenhouse fore
casts before undertaking corrective programs that could turn 
out to be unnecessary - or even undesirable if a natural cool
ing occurs in the 21st century. 

. The total cost of supercomputing facilities for the major climate 
forecasting groups would be no more than $100 milhon. The 
investment would be cost-effective when viewed in the per
spective of the large and potentially negative impact on the 
five-trillion-dollar U.S. economy, that could result from a pre
mature decision based on inaccurate and possibly misleading 
forecasts. 

• The reliability of the greenhouse forecasts also suffers from 
gaps in observations of clouds and oceans, and a poor under
standing of processes vital to the determination of climate, 
such as moist convection. A stronger effort in global observa
tions is as important as the provision of computing power. 

. Augmentation of the pitifully small force of scientists attempt
ing to make progress on this important problem is as vital as 
improved observations and computing power. 

. Certainty will never be achieved in a matter as complex as the 
forecasting of climate for the coming century. However, it is 
our judgment that if a prudent investment is made in comput
ing power, observing programs and added manpower, an-
swers that have a usable degree of reliability can be provided 
for policy makers within 3 to 5 years. Through such an invest 
ment, the government can accelerate the pace of cUmate re
search to yield the necessary information in years rather than 
decades, so that timely action can be taken if needed. 
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^ ^ R O ^ N G ^ ^ E O R E C ^ ^ 

The third focus o f the^dy was measu^^^mm^hmg the 
gross uncertainties in the current greenhouse forecasts. Procure 
mentoftop^ilne supercomputers forthe major ciimate forecasting 
groups couid significantly diminish the level of uncer^aintyinthe 
greenhouse forecastshy improving the treatment of oceancur^ 
rents — one ofthe majorunknowns in thepresent forecastŝ  

The increased detailachievablew^th more powerful computers 
woul^ also lea^ to information on regional climate changes — in 
particular, the occurrence of regional droughts — which cannot be 
pre^licte^ with any useful degree of accuracy hy the crude models 
currently in use. 

Computing power is one major requirement for better climate 
predictions. Anotherneecl, equally important, is for moreobserva^ 
tions of the actual conditions prevailing on the earth an l̂ in its 
oceans an^ atmosphere, and for monitoring of factors causing cll^ 
mate change, such as greenhousegasconcentrarions, values ofthe 
^solarconstant^an^changesinthetransparency of theatmos^ 
pherecause^by volcanic eruptions. 

Observations of the oceans are particularly important because 
thestateofobservationallmowledgeoftheoceans is much poorer 
than that of the atmosphere. More complete data o^ the variation 
with depth of ocean temperature, salinity and currents are badly 
needed^ 

Morecompleteobservationsanclbetterphysicsarealsonee^e^ 
for the problem of cloud feeclbacl̂  As no t^ attempts by several 
groups todealwiththeeffectofclou^ feedback on thegreenhouse 
forecasts yield results that differby as much as^O percent There 
are grounds for optimism that these largeclou^ generate^uncer 
taintiescanbereducedif moreinformationisac^uire^ on the 
types ofclouds^ and clou^ height thatariseun^er different con^ 
ditionsCollecting this infb^mationshoul^beatop^priority object 
tive in greenhouse research in the next fewyears^ 

however, observations and number^crunching power alone 
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mmm 
the task these scientists are being asked to perform. 
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EXECUTIVE SUMMARY 

end of the range of current estimates — 1 "C or less — would only 
offset the natural cooling, leaving the world's temperature in the 
21st century within a degree or so of its present level. 

(ii) CAUSES OF FORECAST UNCERTAINTY 

The second focus of the study was the cause or causes of the 
large uncertainty in the current greenhouse forecasts. Among the 
known causes of uncertainty, the most important one is the effect 
of clouds — in particular, cloud feedback Le., the way in which 
the cloud cover changes in response to the initial stages of the 
greenhouse warming. The extent of this feedback is perhaps the 
largest single unknown in the greenhouse forecasts. After cloud 
feedback, next most important among the known causes of uncer
tainty in the predictions is the effect of ocean currents. 

Clouds. Most of the wide variation in the current greenhouse 
forecasts is traceable to differences in the treatment of clouds. 
Clouds tend to cool the earth by screening it from the sun's rays; 
at the same time, they tend to warm the earth by blocking the out
ward flow of heat to space. These wanning and cooling effects are 
roughly 10 times bigger than the man-made greenhouse effect 
projected for the next century. 

When the earth starts to heat up in the first stages of green
house warming, there is a shift in the balance of the heating and 
cooling effects of clouds. The shift is very hard to determine, be
cause we are trying to calculate small man-made changes within 
large natural climate factors. Does the balance of cloud effects shift 
in a direction that amplifies the greenhouse wanning, or cuts it 
down? This is the cloud feedback problem. Different groups get 
answers that differ by 300% on cloud feedback. As noted, this is 
the largest single source of uncertainty in the forecasts. 

Oceans. Oceans also play an important role in the greenhouse 
effect, because they absorb and store large amounts of heat Con
sequently, the greenhouse forecasts are strongly affected by the 
ocean currents which carry huge volumes of water and heat from 
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one part of the globe to another In one representee case, the 
calculations showed that when ocean currents are included, the 
glohal warmlnglsdecreasedhyl^^aslgnl^cantdecrease. 

In particular, theAntarctlcOcean hardly wannsatall, and may 
cool sllghdy. This diminishes the probability ofahreakup of the 
West Antarctic ice sheet, accompanied byarise of sea levels and 
flooding ofcoastaldtiesall over the world. 

Allowance for the oceans requires more observations of ocean 
currents and temperatures, more scientific manpower — and an 
enormous increase in computing power The need for more com 
putingpowerrelatesto the ^ctthatatthepresent time, becauseof 
the length of the computations, the forecasters break up the earth 
into large areas, up to ̂ 00 miles across. This crude approximation 
of the earth's surface is required in order to complete the calcula
tions inareasonable timeout theCulfStream, which controls the 
climate of Western Europe, is less thanlOO miles wide at some 
points.A100-year forecast that takesafewmonths now with 500-
mile areas, would take if the computation were done with 
100-mile areas so as to include ocean currents properly.Yet in-
eluding theeffectofoceancurrents is essential. 

Foor duality of Regional Forecasts. Useful greenhouse fore
casts have to predict not only global temperature trends, but also 
regionalchanges^e.g.,notjustthe^orthern hemisphere, but 
ag^culturalareas in California orthe Midwest. These regional cli
mate changes can be very different from global trends. For exam-
pie. In the l^Osandl^^Os, when the world asawhole became 
substantially warmer, England and Northern Europe became sub^ 
stantially colder. 

Current greenhouse forecasts do extremely poorly on regional 
forecasts. In feet, different scientific groups sometimes arrive at 
contradictory results for the same region. In the U ^ . , in forecasts 
for three important regions — California, the southeast, and the 
Creat^akes — some greenhouse forecast groups predict substan 
tial^cr^^s^s in summer rainfellasaresult of the greenhouse ef 
fect,whileotherspredictsubstantial^cr^^s^s. 
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0.5 "C temperature increase observed on the earth in the last 100 
years. 

Evidence in support of solar variability as a significant factor is 
provided by the charts below, which reveal that the changes in the 
earth's temperature have followed changes in solar activity over 
the last 100 years. The charts below show that when solar activity 
increased from the 1880s to the 1940s, global temperatures in
creased; when solar activity declined from the 1940s to the 1960s, 
temperatures also declined; when solar activity and suns pot num
bers reversed and started to move up again in the 1970s and 1980s, 
temperatures did the same. 

These correlations seem to explain the features that are so puz
zling when scientists try to interpret the observed temperatures as 

Average 
Sunspot 
Number 8 0 U 

Temperature 0.4 
Change (°C) 

Comparison of (a) 33-year running average of sunspot numbers and 
(b) average global temperatures from 1885 to 1985. 
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a c o n ^ u e n c e o f ^ g r e e n h o u s e e f ^ The evidence pomtsto 
changes in the sun^hrigh^ess as one contr ihu^tothegiohai 
wanning ohservedsince 1880 

The objection is sometimes raised to this explanation, that the 
changesactuaiiymeasuredinthesun'shrightness thus paramount 
to o n i y O l ^ , which is too small to haveasignificant climate im-
pact lnfact ,calcula t ionsshowthatachangeof0^to0^inthe 
sun's brightness is needed to account for the temperature changes 
observed since 1880. 

however, if the brightness of the sun can change by O ^ d u r 
ing one particular period of observation, it is plausible that larger 
changes can occur at other times or over longer intervals of time. 
As noted, recent observations show that stars identical to the sun 
in their properties can change in brightness by as much as 0.4^ 
overseveralyears^-enough to account forall the recent temper 
turechangesobservedontheearth. 

These facts indicate thatalarge part of the 0.5^ warming of 
the earth in the last 100 years may be the result ofacombination 
of natural variabilityand solar variability. Infact, these non 
greenhouse factors could account for nearly all the temperature 
rise, with thegreenhouse effect contributinganegligibleamount. 

The effect of the wild cards introduced into the greenhouse 
studies by natural and solar variability is that no conclusion about 
the magnitude of the greenhouse effect in the next century can be 
drawn from the O . ^ w a r m i n g that has occurred in the last 100 
years. 

Evidence forrecurrlng cold spells. Theclimaterecord contains 
another trend that may be useful in forecasting the climate forthe 
21st century. According torecordsfor the last 800 years, cold 
spells have occurred in northern Europe every few hundred years 
^ i n the l^th, 15th, 17th and 19th centuries. The most famous of 
these is the kittle Ice Age of the 17th century, when northern Eu 
ropean temperatures wereaboutl^Cbelowtoday'slevels. Accord 
ing to these trends, another cold spell is due in the 21st century, 
with cooling of as much as l^ .Agreenhouse effect at the lower 
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OTHER FACTORS CAUSING TEMPERATURE CHANGES 

These departures from the calculated greenhouse temperature 
curve suggest that other forces besides the greenhouse effect have 
been influencing the earth's climate in recent decades. What forc
es could be changing global temperatures? 

Volcanoes. Volcanic eruptions are one possibility because they 
create a layer of particles that reduces the transparency of the at
mosphere. Thus, by screening the earth from the sun, volcanoes 
have a cooling effect. In fact, volcanoes have been suggested as the 
cause for the substantial temperature drop between 1940 and 
1970. However, the observations of the transparency of the atmos
phere shown in the chart below, which reflect the occurrence of 
volcanic eruptions, indicate no appreciable reduction in transpa
rency in the 1940-1970 period. Volcanoes influence the climate at 
times, but cannot account for the observed temperature decrease 
between 1940 and 1970. 

Optical D«pth 
Penurbation 

.40 

:mM^ 

— Southern 
Hemisphere 

,938 ' 1946 ' 1954 ' 1962 1970*1978 1986 

Year of Observation 

Observed changes in the transparency of the atmosphere, based on 
changes in the apparent brightness of non-varying stars. Two ma
jor volcanic eruptions of recent years — M t Agung in 1963 and El 
Chichon in 1982 — show up clearly as strong peaks. Very httle 
volcanic obscuration of the atmosphere was observed m the 1940s 
and 1950s, contradicting the view that volcanoes caused the dip in 
temperatures commencing in the 1940s. 
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Natural Variability. Another possible explanation for the tem
perature changes in the last 100 years is the natural variability of 
the earth's climate — changes in climate that occur without any 
obvious cause, i.e., no change in carbon dioxide, volcanic erup
tions, or any other known factor in climate change. Dr. Hansen 
did a trial 100-year computer run, shown on the chart below, that 
revealed a substantial natural variability of climate. He found that 
it is possible for the earth's temperature to change by as much as 
0.4"C over 25 years as a result of natural climate variability — 
nearly enough to account for the observed 0.5 "C change over the 
last 100 years. 

O.s 

0.4 

0.3 

02 

O U U l - U u n A » A v « f - M i « M w f t e » AW T # v f « M l w , 
100 f I t f ( M l * * ! #wa 

40 60 60 
Tlmi (yearil 

60 90 100 

A 100-year computer run of global mean temperature. In addition 
to year-to-year fluctuations of about 0.1* C, the calculations show a 
0.4* C drop over 25 years without known or obvious cause. This 
trend appears to be the product of a natural climate variability. 

Solar Variability. Finally, satellite measurements show that the 
sun's brightness can change over time. The measured change was 
only 0.1%, but astronomical measurements on other stars identical 
to the sun show changes of up to 0.4% over a period of years — 
big enough, if they occurred on the sun, to account for the entire 



KEY ISSUES 

In view of the importance of these questions of reliability in the 
greenhouse forecasts, the study focused on three key issues - (0 
How reliable is the 0.5'C warming to date, as a guide to tempera
ture increases in the next century? (ii) What is the cause of the 
very large uncertainty in the greenhouse forecasts? (iii) What can 
be done to make the greenhouse forecasts more accurate and use
ful to policy makers? 

(i) SIGNIFICANCE OF THE RECENT 0.5'C WARMING 

First, how reliable is the 0.5'C warming, as an indicator of the 
full greenhouse effect projected for the next century? 

The chart below compares observed temperatures in the last 

Temperature 
Change ( C) 

0.4 

0.2 

-0.2 

^.4 

Uan-Mad* GrMnhous* Effect 
Observations 

1880 1900 1920 1940 1060 1980 

mmm 
by a decrease from 1940 to 1970. 
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100 years with calcu^ons by Hansen etal^ on the temperature 
increase produced hy the man-made greenhouse effect in the 
same period, ^oth the observations and the greenhouse caicuia^ 
tions showanincrease of about 0 . ^ . ^snotedeariier, these 
greenhouse calculations^ which y i e i d a O . ^ rise for the iastlOO 
years, also predicta^greenhouse rise in the next century.^he 
agreement between the two curves suggests thata^^rise isare-
liable estimate for the greenhouse temperature increase that will 
occur in the 21st centurŷ  

However,thecomparisonof the two curves also shows sub
stantial differences^ 

Pirst, most of the observed rise of 0.̂ *^ occurred in the ^rst^O 
years , f roml^ to 1^0. 8ut less thanathird of the total carbon 
dioxide increase occurred inthat early period. ^Ithoughgreen-
house calculations explain the total increase in global temperature 
up to l^O, it is not possible for the greenhouse effect to explain 
the rapid rise in temperature between 1^0 and 1 ^ . 

second, from thel^40s to thel^0s,while greenhouse gases 
continued to build up in the atmosphere, the observedtempera-
tures^cr^s^substantially.^he decrease was large enough to 
haveasignificant agriculturalimpact on northern Europe, ^o 
sign of this drop in temperature from the 1^40stol^0s appears 
in the greenhouse forecast for the same period. 

^befall in temperature betweenl^40 and 1̂ 70 is particularly 
difficult to explain asagreenhouse phenomenon, because this en-
tireperiod was one of strong economic growth and increasing 
emission of greenhouse gases, and should have beenaperiod of 
accelerating temperature rise, ^ven if allowance is made forade-
layed response to the increase in the greenhouse gases, thel^40-
1̂ 70 period should have been one of increasing temperatures — 
provided the greenhouse effect wasactually the main driver of cli
mate change in that period. 



INTRODUCTION 

This extract from the full report summarizes the scientific is
sues underlying the accuracy and reliability of current forecasts of 
the greenhouse effect. The analysis is based on information pro
vided by James Hansen of NASA, Syukuro Manabe of NOAA, 
T.M.L. Wigley of the University of East Anglia and others who 
briefed Institute scientists and spent time with them in subsequent 
lengthy discussions. 

The following facts provided the context for the study: 
First, the temperature of the earth's surface apparently has in

creased by 0.5 "C over the last 100 years. We judge this tempera
ture increase to be real, although its existence has been disputed 
by some experts. The observations of the temperature increase are 
supported by recent reports of a rise in sea level of 1 ft. over the 
last 100 years, which is roughly what would be expected for a 
0.5'C rise in temperature. 

Second, several scientific groups have calculated the tempera
ture increase expected as a result of increased atmospheric concen
trations of carbon dioxide and other greenhouse gases produced 
by human activity. The results obtained by these groups range 
from 1 'C to 5X1, or 2T to 9T, for the greenhouse warming expect
ed by the mid-to-late 21st century. 

The high end of the range of forecasts — a warming of 5 "C — is 
potentially very damaging, with possible impact including severe 
dust bowl conditions and a major increase of sea level, flooding 
low-lying coastal areas in the U.S. and around the globe. The low 
end of the estimates —a man-made greenhouse warming of 1 "C — 
would be far less serious, and might be canceled by a natural cool
ing expected for the next century on the basis of past trends. 

Because of the wide spread in the predicted size of the green
house effect for the next century — ranging from small to catas
trophic — some scientists have suggested that we look at the 0.5'C 
warming that has occurred thus far, as a better guide to what can 
be expected in the future. According to this reasoning, if the 
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greenhouse effect were intrinsically very small we would not have 
seen a rise as great as the 0.5'C that has been observed in the past 
100 years. On the other hand, if the greenhouse effect were ex
tremely large, we would have seen a larger temperature increase 
than the 0.5'C that has actually been observed thus far. 

Extending this line of reasoning, we can ask — What green
house calculations just reproduce the 0.5'C rise that has been ob
served to date, and what temperature increase do these particular 
calculations predict for the next century? 

The answer is that the best calculations — i.e., those that best 
reproduce the 0.5'C wanning observed in the last 100 years — 
predict a temperature increase of 3X1 in the mid-to-late 21st centu
ry-

This is a significant conclusion. A 3*C temperature increase, 
while not as catastrophic as the 5'C increase predicted by some 
groups, would still have a major and destructive impact on the 
world's climate. 
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This reporiisbasedon the technical literature relatmg tothe 
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Kenneth Schatten of the NASAGoddard Space Flight Center, 
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CharlesF.Sonett of the University of Arizona and Michael Rampi-
no of New York University. 

We are particularly grateful toDrs.Manabe,Wigley,Arking 
and Rampinofor extensive and enlightening discussions subse
quent to the formal brieflngs. 
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mitting to us the results ofarecent observational program reveal-
ing variations ofuptoO.^% in the luminosity ofsunlikestars. 
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I. THE GREENHOUSE PROBLEM 

This study considers the technical issues involved in forecast
ing the intensity of the greenhouse effect — a warming of the 
earth produced by the presence of carbon dioxide and certain oth
er gases in the atmosphere. These gases absorb heat that would 
otherwise escape into space, returning some of it to the earth's sur
face and raising the temperature on the planet. The gases that 
have this heat-absorbing property are called greenhouse gases, 
and their warming influence on the earth is called the greenhouse 
effect 

The focus of the study is the evidence for a significant rise in 
the temperature of the earth in the last 100 years, coincident with a 
substantial increase in the amount of carbon dioxide and other 
greenhouse gases in the atmosphere. The increased atmospheric 
concentration of these gases is apparently the result of human ac
tivities, such as the burning of coal and oil. 

Several scientific groups have concluded that man-made emis
sions of carbon dioxide and other greenhouse gases are the cause 
of much or all of die rise in global temperatures that has been ob
served since the turn of the century. They predict that if the atmos
pheric concentration of greenhouse gases continues to increase as 
a result of the burning of fossil fuels and other human activities, 
the average temperature of the earth may rise in the 21st century 
by as much as 5* C, or 9* F. Such an increase might cause wide
spread drought in many agricultural areas and have a destructive 
impact on human life in many parts of the world. 

Not all experts in the field of climate studies agree with these 
conclusions. However, a substantial body of scientific opinion 
considers the man-made greenhouse effect to be a serious concern 
that must be addressed. 
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IS THE GREENHOUSE EFFECT 
A NEW PHENOMENON? 

The potentially harmful greenhouse effect resulting from hu
man activities is a relatively small addition to a large, natural 
greenhouse effect that has warmed the earth for billions of years. 
This natural greenhouse effect — which is, of course, unrelated to 
human activity — comes largely from water vapor in the earth's 
atmosphere. Water vapor, like carbon dioxide, is a greenhouse 
gas; it partly blocks the return flow of heat coming up from the 
surface and atmosphere to space thereby warming the earth. Nat
urally occurring carbon dioxide in the atmosphere adds to the 
greenhouse warming produced by the water vapor, but its effect 
is much less than that of water vapor. 

The greenhouse effect produced by water vapor and other gas
es occurring naturally in the earth's atmosphere has been highly 
beneficial to life on our planet If it were not for this natural green
house effect, the average temperature on earth would be a chilly 
0* F — well below freezing. The wanning effect of the earth's 
greenhouse gases has raised the average global temperature by 
60* F — from 0*F to 60"F. Sixty degrees Fahrenheit is a comforta
ble temperature as an average over the planet. In fact, it may be 
close to the optimum average temperature the earth could have, 
from the viewpoint of supporting life over the largest possible 
area of the globe. 

REASONS FOR ADVOCATING 
PROMPT GOVERNMENT ACTION 

The enhanced greenhouse wanning produced by human activi
ty will be no more than a few degrees, and quite small compared 
to the 60-degree natural greenhouse effect, but its consequences 
could be devastating in the short term. A temperature increase of 
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up to^Ccould lead to recurrent and severe summer droughts 
themidwestemstatesoftheU^andotherproductlveagricultu 
ral regions Although opinion Is dlvldedon the matter,mthe 
worst^asescenarioawarming of 5'Cmight also breakup the 
West Antarctic ice sheet, eventually after several centuries, rais 
ingsealevelshyasmuchasl5feet.LargeareasofNewYorkCit^ 
Miami and othercoastalcitiesanddensely populated river deltas 
would he submerged, and the lives of hundreds of millions of in 
dividual living in coastal areas all over the world would be dis 

ruptedD 
Government officials in theUSand other countries have be 

gun to address the need for major policy decisions dictated by 
thesegrimprojectionsBPheirconcemis heightened bythe fact that 
the wanning caused by the greenhouse effect takesalong time to 
build up and may not be noticeable for several decades, but once 
it hasdeveloped,itmaytakecenturies to eliminate Asaconse^ 
quen^e, if corrective actions, such as cutting down on the burning 
of fossil fuels, aredelayed until the full measure of the greenhouse 
warming is upon us, it may not be possible to ameliorate its de
structive effects for many generations' 
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How accura^^theg^nhouse forecast The basic state 
ment that carbon dioxide and other greenhouse gaseswarma 
pianet is not indoubt. ^enus, for example, has an enormous 
amount of carbon dioxide in its atmosphere — ̂ 0,000 times more 
than theearth^andthesurfaceofVenusisaiso oven-hot, with 
anaveragetemperaturegreaterthan^OOdegrees Fahrenheit A 
calculation of the greenhouse effect produced by the dense con 
centration of carbon dioxide on Venus indicates that this effect can 

explain thesearing Venus temperatureŝ  Noother explanation 
known to planetary science is adequate to account for these high 

temperatures. 
Mars alsohas carbon dioxide in its atmosphere^in fact, the 

Martian atmosphere, although relatively thin, is composed almost 
entirely of this greenhouse gas. As in the case ofVenus,calcula 
tions of the greenhouse effect on Mars show that it is warmer by 
ûst about the amount that would be expected asaconsequence of 

the carbon dioxide in its atmosphere. 
Applying these results to the earth, we can be confident that an 

increase in theamount of carbon dioxide in theearthsatmosphere 
must raise the planet's temperature. But by how much? Scientists 
trying to forecast the amount of greenhouse warming resulting 
from the increase in man-made carbon dioxide face the problem 
that the man-made warming effect they are calculating is quite 
small compared to many natural warming and cooling effects that 
influence the earth'sclimate.To treat this small manmade effect 
accurately,they must be able to compute the natural changes in 
theearthsclimatewithgreatprecision. When they attempt todoa 
precise calculation, they run into two difficulties — oceans and 
clouds. 



RELIABILITY OF PREDICTIONS 

INFLUENCE OF OCEANS ON FORECAST ACCURACY 
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list of greenhouse dangers. 

** S. Manabe, private communication. 
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INFLUENCE OF CLOUDS O N FORECASTS 

Clouds are the second major problem area for the greenhouse 
forecaster. Clouds cover roughly half the area of the earth at any 
given time, shielding this large area from the sun's rays Asa con-
Luence they have a cooling effect on the climate. also 
have a heating effect because, like greenhouse gases, they block 
the flow of heat to space from the earth's surface. However, recent 
satellite measurements have shown that this heating effect is out
weighed by the cooling effect of the clouds. 

douds create a problem for the greenhouse forecaster because 
the natural cooling effect they produce is ten times ̂ Jarge the 
entire man-made greenhouse warming projected for the middle of 
the next century. Their heating effect - which is a natural green
house effect - is also considerably larger than the predicted size 
of the man-made greenhouse effect. 

This means that a small change in the earth's cloud cover and 
cloud heights can greatly change the actual greenhouse warmmg. 
Suppose, for example, that because of the greenhouse warming, 

:-zxz^z^=-
creased cloud cover would cool the earth, partly offsetting the 
greenhouse warming. This would be an example of negative 
feedback": the greenhouse warming produces more cloud cover; 
the increased cloud cover feeds back into the climate, and decreas
es the amount of the greenhouse warming. 

On the other hand, suppose that fewer clouds form because, al
though the atmosphere has more water vapor, the warm air has a 
lower relative humidity. Consequently, the vapor is less likely to 
condense into cloud droplets. That would mean a 4 = ™ ^ 
cloud cover and, therefore, more sunlight reaching the earth s sur-

magnify the effect. This would be a case of "positive feedback. 
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Because the effect of the clouds is roughly 10 times as large as 
the greenhouse effect predicted for the nud-21st century, a small 
change in the cloud cover could either diminish the greenhouse 
warming by a large amount, or magnify it by a large amount, de
pending on whether the cloud feedback was negative or positive. 
But small changes in cloud cover are very hard to predict. Conse
quently, the cloud feedback is also very hard to predict with any 
accuracy. 

Types of clouds and cloud heights are also very important for 
estimating cloud feedback, and again very difficult to predict with 
accuracy. The relatively low-altitude stratus clouds block incom
ing sunlight more effectively than they trap the outgoing heat 
from below, and hence tend to have a cooling effect. Higher-
altitude, tenuous cirrus clouds, on the other hand, let more light 
through, but block the flow of heat from below, and tend to have a 
wanning effect. 

Most greenhouse forecasts show that the cloud feedback is 
positive. That is, the combined effect of changes in cloud cover 
and cloud height or cloud type, in response to a greenhouse 
warmmg, is to increase the amount of the warming.* But again, by 
how much? The scientific groups working on the problem differ 
by 300 percent in their estimates of the amount of extra green
house warming produced directly or indirectly by clouds. Some 
groups say the extra warming is small, while others say it is sever
al degrees. 

The practical consequences of these disagreements are very 
great. They constitute a large part of the difference between fore
casts of up to 5 C of temperature increase in the mid-to-late 21st 

* The studies show that fewer clouds are formed as a result of the warm
ing because warm air has a lower relative humidity; thus, more sunlight 
penetrates, the earth is warmed, and the greenhouse effect is magnified. 
In addition, the clouds that do form tend to do so at higher altitudes. 
Since at the higher altitudes the cloud tops are colder, they radiate less 
heat to space, further increasing the greenhouse warming 



THE GREENHOUSE PROBLEM 

century, and forecasts of a temperature increase of only 1" C. 
The disagreement arises because the formation of clouds is a 

complex phenomenon. The different types of clouds — cirrus, cu
mulus, and so on — absorb heat from below differently, and re
flect sunlight differently. Each scientific group working on the 
greenhouse problem has its own way of handling these complica
tions, and arrives at a different answer. 

POOR QUALITY OF REGIONAL FORECASTS 

It is important for greenhouse forecasts to be able to predict not 
only the worldwide temperature trends, but also the climate 
changes in a region, such as western Europe or the U.S. midwest. 
Regional climate changes can be very different from the global cli
mate trends. For example, an analysis of temperature records re
veals that in the 1970s and 1980s, when the world as a whole be
came warmer, England and Europe became somewhat colder. 

Unfortunately, the greenhouse forecast models do very poorly 
in attempts to calculate regional climates, even when the region is 
as large as a continent. One climate forecast used in greenhouse 
studies predicts, for example, that the July prevailing winds over 
Western Europe are easterlies, coming from the Eurasian land 
mass. Actually, these winds are known to be westerlies coming 
mainly from the Atlantic Ocean. This remarkable mis-prediction 
has major consequences for the climate of Europe, since, inter alia, 
winds from the ocean carry more moisture, and cause more rain
fall, than winds blowing off the continent. 

EFFECT OF A V E R A G I N G OVER LARGE AREAS 

When the computations leading to the greenhouse forecasts are 
carried out, it is assumed at the outset that the surface of the earth 
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can be divided into a number of small areas. Within each area, the 
temperature of the surface is represented by a single number, 
which is supposed to be the average temperature for that area. 
The humidity, cloud cover, height above sea level, and all other 
quantities affecting the climate also are represented each by one 
number for the area, which is supposed to be their average value 
for that area. This is done to diminish the amount of computing 
required for the forecast. 

The trouble with this process of averaging over areas is that the 
"small" areas assumed in the greenhouse forecasts are not so 
small. In most forecasts used for the greenhouse problem, the are
as used to describe conditions at mid-latitudes — in the U.S., and 
Europe, for example — are about 500 miles in extent.* 

In the U.S., an area 500 miles across nearly spans the distance 
between Los Angeles and Albuquerque. Two such adjacent areas 
encompass the territory running from the Mexican border to Can
ada. 

When areas used for averaging are as large as this, two com
pletely different climate zones — for example, desert and fertile 
farmland — can exist within a single area. But an "average" over 
desert and fertile terrain would yield a forecast useless to the in
habitants of either region. 

Averages over large areas also reduce the climate impact of 
mountain ranges, which can be very great. A mountain range de
flects the flow of air and often causes moisture to precipitate as 
rain. As a result, the windward side of the range is generally wet
ter than the leeward side. But when the average height above sea 
level is computed for an area, the mountains are spread out and 
flattened, often to the point of insignificance. 

A forecast based ,.n such mountain-flattening averages would 
predict little difference in climate between heavily forested Ore-

* They are chosen to be that large because the computers available to cli
mate forecasting groups do not have the speed and power needed to gen
erate a more detailed forecast in a reasonable amount of time. 



T H E G R ^ H O U 5 E P R 0 5 L E M 

^ a n d ^ N ^ d a d ^ ^ 

S ^ a ^ C ^ ^ m o u ^ m ^ ^ m d u m p m g m ^ ^ 
the Pacify on the west coa^ 

Most experts on chmate recasting agree that the compute 
tions used forcurrentgreenhouseforecasts have httle ornocapa 
hilityforregionalpredictionOnedemonstrationof^ 

c y c a n h e s e e n in the fact that two independent greenhouse 
forecasts, yieidingthesamegiohaitemperaturerisein response to 
greenhouse gas increases, can give contradictory regional fore 
casts. 

C O M P U T I N G ^ ^ C U ^ E S I N G E N E R A T I N G 
A G G U R A T E E O R E G A S T 5 

If the inclusion of ocean currents changes the greenhouse fore 

casts so markedly, why do most scientific studies of the green 
houseeffectcontinuetoignoretheeffectofthesecurrents^lfaver 
aging over large distances leads to inaccurate regional forecasts, 
why do greenhouse forecasters not average over smaller distanc 
es7 

The reason is that averaging over smaller distances costs the 
forecasterveryheavilyincomputingtimeTheamountofcomput 
ing time required foragreenhouse forecast goes up sharply when 
the forecaster attempts to describe the earth and its atmosphere 
and oceans inmoredetailhyhreakingthegloheupintosmallare^ 
as. 

Eorexample, if the forecasts are averaged over^Omile areas 
instead of^mileareas , thecomputat ion takes eight times as 
long Asingle lO^year forecast takes approximately^months 
when the areas are 500 miles acrosslf they were reduced t o ^ 
mile areas, the forecast would takenearly three years 

Thesecomputingdifficultiesareexacerhatedhy the problem of 
the oceans Exceedingly high resolution is required for an ade^ 
quate treatment of ocean currentsTheGulfStream, for example. 

10 
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^hich has such an imp lan t effect ̂  
^ope, is less than 100 miles wide at its narrowest point 
^uch currents means dividing the oceanssurface into many areas, 
^ach no more than 100 miles across. 

The oceans make up three-quarters of the area of the glohe. An 
enormous amount of computing time would he required to gener-
^teaforecastwithadescriptionoftheoceans as detailed as this, 
l̂ or example, if the size of the areas over which the currents are 
averaged is merely cut in half, the calculations hecomel^times 
longerB 

If all the important questions ahout the greenhouse warming 
could he answered hy two or three 100-year forecasts, the answers 
everyone is waiting for might he obtained inareasonahly short 
time — even though each forecast takes years — hy dividing the 
workload among several computing groups. 

But if the greenhouse forecasts are to makeauseful input to 
policy decisions they must he repeatedalarge number of times, to 
determine how the greenhouse warming depends on different as
sumptions regarding such factors as the rate of consumption of 
coal and oil, increase in electrical power use and third-world eco
nomic growth. Agreatmanycomputing runs are needed to an 
swerthesebasicquestions. With thelimitedcomputingpower 
currently available toclimate forecasters, decades would be need
ed to provide policy makers with the information they require. 

^et greater accuracy and reliability in the forecasts are essen
tial, in spite of the heavy computing burden and lengthy computa-
tions that willentaiLThe forecastsdo not appear to begood 
enough in their present formtoprovideasoundbasisfordeci-
sionsaffecting the economies oftheU.S. and other nations. 

^^ormally,doublingthedetail^and halving thearea of averagings leads 
toan eight-fold increase in computing time.The additional factor of two 
in thiscasecomes from the fact that as the area over which the Gulf 
Streamisaverageddiminishes, the velocity of theGulf Stream increases 
proportionally. 

11 
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IMPORTANCE OF A ^ ^ O N A L C O M F U T I N G F O ^ E R 

Inadequate allowance for the effect of changesinocean circus 
tlonlsama^or source of uncertainty In the greenhouse forecasts. 
The Inability to generate meaningful regional forecasts Is another 
reason why theseforecastsarenot of much practical valueat 
present, even for the limited purpose of sounding an alarm over 
the coming greenhouse warmmg. ^ 

Both problems would he ameliorated if the surface of the earth ^ 
were broken up into considerably smaller areas — at the expense 
ofasubstantial increase in computing time. 

As noted above, increased computing power will be helpful in 
meeting the need for more accurate forecasts.Computing power 
alone will not solve the problem of the regional forecasts,but it 
will enable the greenhouse forecast groups to represent mountains 
moreaccurately,andtheywillalsobeable to start experimenting 
with other changes needed to tune up the regional forecast capa 
bility of their climate models. At present, the greenhouse forecast
ers— forcedtoresort to averaging over areas that may spana 
quarter ofacontinent — cannot even makeastart on that prob
lem. 

Thebottom line is that greenhouseforecastscouldbemade 
both more accurate and more timely — and, therefore more useful 
to policy makers — if the leading climate forecasting groups had 
more powerful computing facilities for their work. 

Supercomputersnowonthemarketofferal^foldspeedin 
crease over the best computers now used by scientists working on D 
the greenhouse problem. Even faster computers are under devel 
opment. Thesesupercomputers can diminish errorsand uncer
tainties in the forecasts resulting from inadequate allowance for 
the effect of ocean currents. They will also allow greenhouse fore 
casters to makeaserious attempt at accurate regional forecasts — 
an achievement not within their grasp at present. 

Critically important policy decisions affecting the five-trillion-
dollar USeconomy depend on the reliability of the predictions ^ 

^ 
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generated by the greenhouse forecasting groups. Their computing 
facilities are underpowered for the importance of the work being 
done. One hundred million dollars would purchase top-line su
percomputer complexes for the four major scientific groups work
ing intensively on the greenhouse problem. The expenditure 
would be a solid investment in the future of the economy. 

NEED FOR M O R E OBSERVATIONS 
A N D BETTER PHYSICS 

Computing power is one major requirement for better climate 
predictions. The other need, equally important, is for more obser
vations of the actual conditions prevailing on the earth and in its 
oceans and atmosphere, and for monitoring of factors causing cli
mate change, such as greenhouse gas concentrations, values of the 
"solar constant" and changes in the transparency of the atmos
phere caused by volcanic eruptions. 

Observations of the oceans are particularly important because 
the state of observational knowledge of the oceans is much poorer 
than that of the atmosphere. More complete data on the variation 
with depth of ocean temperature, salinity and currents are badly 
needed. 

Moist Convection. These expanded programs for observing 
clouds, ocean currents and temperatures, and other climate-
related properties are vital to the success of the climate forecast
ing effort. For example, how is heat carried from the ground up to 
space? Any calculation of global temperature increases due to car
bon dioxide emissions must have a fairly accurate answer to that 
question. Yet the answer is not known very well. 

What happens in a general way is that water evaporates from 
the earth's surface — mainly from the oceans — to form warm, 
moist air. The warm air expands and rises, carrying its warmth 
and moisture to higher altitudes. 

As the air rises, it cools and condenses into water droplets, and 

13 
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cumulus clouds form. The condensation of the water vapor into 
droplets of liquid water releases additional heat to the atmos
phere. Eventually, the droplets collect into rain drops which fall to 
the surface, cycling the moisture back to the surface of the earth. 
However, the heat that was carried up stays in the atmosphere. 

This process by which heat and moisture are transported to 
higher levels in the atmosphere is called "moist convection." Moist 
convection has an indirect but critically important consequence 
for the greenhouse effect. By carrying moisture to higher altitudes 
m the atmosphere, it leads to the formation of clouds. These 
clouds change the surface temperature because, as noted on page 
7, they screen the earth from incoming sunlight, cooling the sur
face; but they also block the upward flow of heat to space, warm
ing the surface. No one is certain what the net balance of heating 
and cooling is for the clouds created by moist convection. 

Furthermore, when the earth begins to get warmer in the first 
stages of the greenhouse effect, both the process of moist convec
tion and the clouds it generates are affected, and the balance of the 
heating and warming is shifted. Is the shift in the direction of 
more warming, which means the long-term greenhouse warming 
is increased? Or is it in the direction of cooling, which means the 
long-term greenhouse warming is cut down? 

These uncertainties in the size of the 21st-century greenhouse 
warming, which are associated with the complexities of moist con
vection, are only a part of the cloud problem. Clouds are formed 
in other ways than by moist convection, and each mechanism of 
cloud formation introduces its own uncertainties into the green
house forecasts. As noted earlier, attempts by several groups to 
deal with the effect of clouds on the greenhouse forecasts yield re
sults that differ by as much as 300 percent. 

There are some grounds for optimism that these cloud-
generated uncertainties would be reduced if more information 
could be acquired on the types of clouds, and cloud heights, that 
arise under different conditions. Collecting this information 
should be a top-priority objective in greenhouse research in the 
next few years. 

14 
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THE GREENHOUSE FORECASTS 

Several greenhouse forecasting groups have estimated the 
amount of warming that would result if the equivalent concentra
tion* of carbon dioxide in the atmosphere were to double as a re
sult of human activity — a condition that may be encountered in 
30 to 50 years. As noted previously, their results for the long-term 
or "equilibrium" increase in the average temperature of the earth 
range from a lower limit of 1' C to an upper limit of 5" C, or 
roughly 2" F to 9' F.** This wide spread in the forecasts made by 
the different groups is mainly the result of differences in their 
treatment of clouds. 

A greenhouse warming of 1* C — at the lower end of the pre
dictions — could be partly or largely offset by natural climate 
changes unrelated to human activity. The natural cooling that oc
curred during the Little Ice Age of the 16th and 17th centuries rep
resented a temperature drop of roughly 1* C relative to today's 
temperatures. If a natural cooling comparable to the Little Ice Age 
were to return in the next century, a greenhouse warming of 1* C 
would have the beneficial effect of ameliorating its destructive im
pact, leaving global temperatures within a degree or so of their 
present levels. 

On the other hand, an eventual greenhouse warming of 5" C — 
at the upper end of the range of predictions — would lead to cat-

• In addition to carbon dioxide, the greenhouse gases include methane, 
nitrous oxide, and chlorofluorocarbons. For simplicity, all are lumped 
with carbon dioxide and stated as an equivalent carbon dioxide concen
tration — i.e., equivalent in their impact on the climate. 
•* S.H. Schneider, Science 243, 771 (1989). 
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as^oph^ changes over large 

These changes would he too large to he offset hy any likely change 
in climate due to natural causes Follcy makers surely would un 
dertake early action to forestall this development, if they were 

confident in the accuracy of the forecasts predicting the large ef 
fects. 

It may he possible to achieve an accuracy that would warrant 
this confidence hy the application ofaheavier concentration of 
computing power, combined with globalobservations on the 
earth's clouds and oceans At the present time, the greenhouse 
forecasts tell us only thataserious problem may ex i s t^or it may 
not. 

C O M F A R f S O ^ B E T ^ E E N C R E E N H O U S E F O R E C A S T S A N ^ 
OBSERVEDTEMFERATUREINCREASES 

As noted,while the greenhouse forecasts point to the likeli 
hood ofaglobal warming, they cannot predict its size with confi 
dence.However,thefact thatthe earth hasalready become appre 
ciably warmer in the last 100 years apparently indicates that the 
greenhouse effectisalreadyhere,andthatitssizeis substantial 

Carbon dioxide in the atmosphere has increased by about 25 
percent since the Industrial Revolution, as the result of the bum 
ing of coal and oil, deforestation and other human activities. If the 
middle range of greenhouse forecasts is correct, this increase in 
carbon dioxide should have producedatemperature increase of 
roughlyO^Cbetweenl^Oand 1985. The temperature measured 
ments show an increase in average global temperature by just the 
predicted amount of0.5^C 

The comparison between the calculatedgreenhouse tempera
ture rise and observed temperatures is shown in Figure 1.The sol-
id line in Figurelshows the global temperature change observed 
on land between 1880 and 198S,averagedover5year intervals, as 
compiled by Hansen and Lebedeff The observed temperature in 
creasesbyabout05^Cbetweenl880 and 1985, as mentioned in 
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Figure 1. Comparison between observed global average tempera
ture and calculations based on the greenhouse effect The dashed 
line indicates the calculated temperature increase caused by the 
greenhouse effect since 1880. The solid line indicates the observed 
temperatures for the same period. Both curves show a 0.5'C rise 
over the 100-year interval. However, the observed temperatures, 
unlike the greenhouse curve, show a rapid rise in the first 50 years 
followed by a decrease from 1940-1970. 

the previous paragraph. 
Similar results have been obtained by Jones and Wigley for 

land and ocean surface measurements combined, and by Folland 
and Parker from ocean surface measurements.* 

The dashed line in Figure 1 shows the predicted greenhouse 

* Some experts have expressed skepticism regarding the reality of the 
0 5* C rise in global temperature. Independent confirmation of the nse 

s e s s e s a s e 
just about this magnitude should accompany a temperature increase of 
0.5-C. However, the authors of the report on the rise of sea level are 
careful to caution that their findings, while consistent with a 0.5 C global 
temperature increase, tell nothing about the cause of the increase. 17 
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warming during the same period. This curve is obtained from a 
calculation lying in the middle range of greenhouse forecasts, 
yielding a mid-to-late 21st century greenhouse warming of rough
ly 3° C. As noted above, the dashed line also indicates a green
house temperature increase of about 0.5 °C between 1880 and 1985. 

EVIDENCE FOR A SUBSTANTIAL GREENHOUSE EFFECT 

Several scientists interested in the greenhouse problem have re
marked that the agreement between observations and the green
house predictions up to 1985 yields valuable information about the 
size of the long-time greenhouse warming expected for the 21st 
century. They point out that if the long-term greenhouse wanning 
in the next century were going to be very much larger than the 
current estimates suggest, we would have seen a temperature in
crease of substantially more than 0.5 "C between 1880 and 1985. 

On the other hand, if the long-term greenhouse effect were go
ing to be substantially less than the low end of the range of green
house estimates, the green house effect for the 1880-1985 period 
would not have produced the 0.5' C warming that has actually 
been observed in that period. 

Some climate experts have concluded that the observed warm
ing of 0.5' C tells us the middle range of greenhouse forecasts — a 
temperature rise of roughly 3° C in the mid-to-late 21st century — 
is roughly correct and should be a trustworthy guide to the full 
greenhouse warming that will occur in the 21st century. 

18 



IV. OTHER FACTORS 
INFLUENCING CLIMATE 
IN THE LAST 100 YEARS 

A closer look at Figure 1, however, raises doubts about the ac
curacy of the greenhouse forecasts as a predictor of conditions in 
the 21st century. While the overall temperature increase in the 
greenhouse forecast agrees with the observed temperature in
crease of 0.5' C, the shape of the calculated greenhouse curve dif
fers from the observations in important respects. 

The greenhouse forecast (Figure 1, dashed line) shows a 
smooth increase in temperature with time, rising slowly at first 
and then more rapidly in recent decades. On the other hand, the 
observed temperatures (Figure 1, solid line) rose from the 1880s to 
around 1940. Then, although the concentration of man-made 
greenhouse gases in the atmosphere was now growing rapidly, 
the observed values dropped substantially between the 1940s and 
the 1970s. 

Two aspects of this comparison seem significant. First, most of 
the observed rise of 0.5* C occurred in the first 50 years from 1880 
to 1930, although less than a third of the total carbon dioxide in
crease occurred in that period. Second, no sign of the post-1940 
drop in temperature appears in the greenhouse forecast for the pe
riod from 1940 to 1970, although this decrease was large enough 
to have a significant agricultural impact on Northern Europe. 

The fall in temperature between 1940 and 1970 is particularly 
difficult to explain as a greenhouse phenomenon, because this en
tire period was one of strong economic growth and increasing 
emission of greenhouse gases. Even if allowance is made for a de
layed response of the climate to the increased concentration of 

19 
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these greenhouse gases, the 1940-1970 period should have been 
one of increasing temperatures - provided the greenhouse effect 
-was actually the main driver of climate change in that period. 

These departures from the calculated greenhouse temperature 
curve suggest that other forces besides the greenhouse effect have 
been influencing the earth's climate in recent decades.. 

VOLCANIC ERUPTIONS 

What kinds of non-greenhouse forces could have been working 
on the earth's climate in the last 100 years? Volcanic eruptions are 
one possibility. Erupting volcanoes sometimes emit copious 
amounts of the gas sulfur dioxide, which become droplets of sul
furic acid in the atmosphere. The sulfuric acid droplets create a 
global haze that shields the earth's surface from the sun and cools 
the planet. 

The global cooling produced by large eruptions can be substan
tial of the order of several tenths of a degree. However, the parti
cles that cause the cooling disappear from the atmosphere in a 
year or two, so that the climatic impact of even the largest erup
tions is relatively brief. 

Some experts say that many small volcanoes, erupting in suc
cession in the 1940s and 1950s, could have caused a sustained tem
perature drop that would explain the post-1940s cooling. Howev-
L measurements of changes in the transparency of he 
atmosphere, shown in Figure 2 (p. 21), do not reveal any effect of 
this kind from 1914 to 1962. The atmosphere over that entire peri
od was quite clear.* 

Several volcanic eruptions did occur in the 1950s, but did not 
produce a global or hemispheric reduction in transparency and a 
Consequent cooling effect. In some cases this wm, ^because the 
eruptions were at high latitudes and their product did not enter 

* M. Rampino and S. Self, private communication. 
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Optical Depth 
Pw- i t t ton 

. mam 
the mid-latitude circulation of the atmosphere. In two other cases 
- the large eruptions in Iceland in 1947 and Kamchatka in 1956 -
- the eruptions not only were at high latitudes, but also produced 
relatively little sulphur dioxide, and so for two reasons did not 
add appreciably to the global haze of sulphuric acid droplets. 

NATURAL VARIABILITY OF CLIMATE 

The natural variability of the earth's climate is another possible 
explanation for the 0.5'C rise in temperature since 1880. Climate 
computations suggest that the earth's climate can undergo large 
swings in temperature that may last for several decades, and 
have no apparent cause. That is, the computed global tempera
ture may vary by large amounts over decades, even if the compu-
tahons hold constant the level of volcanic eruptions, concentra
tion of greenhouse gases, changes in the sun's brightness and all 
other factors that would normally lead to a change in global cli-
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Global-Mean Annual-Mean Surface Air Temperature 
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Figure 3. A 100-year computer run of global mean temperature. In 
addition to year-to-year fluctuations of about 0.1" C, the calcula
tions show a 0.4' C drop over 25 years without known or obvious 
cause. This trend appears to be the product of a natural climate var
iability. 

mate. This phenomenon of large and seemingly spontaneous 
changes in climate is known as the "natural variability" of the 
earth's climate. 

Figure 3 shows the result of a 100-year computing run by Han
sen et al., in which natural climate variability produced a signifi
cant change of roughly 0.4" C in temperature over 25 years, with
out any change in the so-called "forcing" terms, i.e., no changes in 
carbon dioxide concentration, solar energy output, volcanic activi
ty or any other external agent. 

Although the natural variation in this case happened to be a 
temperature drop rather than a rise, the implication in these re
sults is that at other times the natural variability of climate might 
also produce a rise of 0.4" C, or even 0.5"C, over a comparable pe
riod. 

It is important to note again that such variations in climate ap
parently can occur naturally, without any change in carbon diox
ide concentration or other external "forcing" factors. Figure 3 is ev-
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idence that much or all of the 0.5' C rise in temperature observed 
between 1880 and 1930 may be the product of natural variability 
rather than the greenhouse effect. 

CHANGES IN THE SUN'S BRIGHTNESS 

An increase in the sun's brightness is still another possible 
cause of the 0.5' C increase in temperature observed over the last 
100-odd years. Climate calculations indicate that a temperature in
crease of 0.5' C could be produced by an increase of 0.3 to 0.5 per
cent in the sun's brightness.* Is it possible that the sun has grown 
brighter by 0.3 to 0.5 percent since 1880? 

This idea that the sun's brightness could vary over intervals as 
short as years or decades has not been fashionable among astrono
mers and climate experts. However, recent findings in space sci
ence and astronomy have confirmed that such variations do occur. 
The possibility of solar energy changes on relatively short time 
scales, which was viewed until recently as an ad hoc conjecture 
without observational support, is now, because of these findings, 
an established astrophysical fact. 

OBSERVATIONAL CONFIRMATION OF SOLAR 
CHANGES 

The first of the new findings comes from satellite measure
ments of the sun's brightness, which can be made much more ac
curately than is possible from the ground. These measurements of 
the so-called "solar constant" - the amount of solar power per 
unit area reaching the earth - have revealed a decrease of about 

, TML. Wigley, Secular Solar And Geomagnetic Variations In The Ust 
10,000 years, (Stephenson and Wolfendale, eds.), 209 (1988) 
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Figure 4. Changes in the solar constant between 1978 and 1988. 

0.1 percent between 1978 and 1985, followed by an increase from 
1985 to 1988. 

Figure 4 shows the measured values of the changes in the solar 
constant between 1978 and 1988. 

The satellite measurements prove that the sun's brightness 
does, in fact, change from year to year. It is now established that 
even on time scales as short as years or decades, the solar "con
stant" is not constant. 

The measurements also show that the changes in the solar con
stant seem to follow changes in the number of sunspots observed 
during the sunspot cycle. When sunspots are most numerous on 
the face of the sun, the sun's brightness is greatest; when the sun-
spots decrease in number, the output of solar energy also decreas
es. 

The measured change of 0.1 percent in the sun's brightness is 
not large enough to explain such changes of climate as the 0.5' C 
warming that occurred after 1880. As noted, that would require an 
increase of 0.3 to 0.5 percent in the solar constant. However, if a 0.1 
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percent change in solar energy output occurred in this one period 
of observation, it is possible that changes in the sun's output as 
large as 0.5 percent or more may occur at other times, or over 
longer periods of time. 

Recent astronomical observations of stars have confirmed that 
such substantial changes in energy output do, in fact, occur in 
many stars similar to the sun. In a study of 36 such stars. Lock-
wood and Skiff found that nearly half varied by more than 0.5 per
cent in brightness over an interval of a little less than four years.* 

Four among the varying stars were solar twins, almost identical 
to the sun in age, mass and other properties. Two of the four solar 
twins remained roughly constant over the four-year period, and 
the other two varied in brightness by 0.23 percent and 0.42 per
cent, respectively. Figure 5 shows the variation in brightness from 
year to year observed in the latter two stars. 

Baliunas and Vaughan have found that one of the two variable 
stars also displays an eight-year cycle of surface activity similar to 
the sun's 11-year sunspot cycle (Figure 6).* Comparison of Figure 6 
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Figure 5. Changes of 0.23 percent (left) and 0.42 percent (right) in 
the brightness of two stars with nearly identical properties to 
those of the sun, over a four-year period. 

* G.W. Lockwood and B.A. Skiff (Lowell Observatory), Air Force Geo
physics Laboratory, Report AFGL-TR-88-0221 (1988) 
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Figure 6. An 8-year cycle of changes in surface activity in HD 81809. 

with Figure 5 reveals that, as in the case of the sun, when this 
star's surface activity declines, its brightness also decreases. 

C H A N G E S I N S O L A R B R I G H T N E S S 
A S A F A C T O R I N C L I M A T E C H A N G E 

Is the 0.5" C warming in the last 100 years the consequence of a 
man-made greenhouse effect? 

As noted on page 19, the temperatures observed since 1880 
have a pattern of change that does not resemble the temperature 
curve calculated from the man-made greenhouse effect. However, 
they do resemble the changes in solar activity for the same period. 

Figure 7 compares the changes in solar activity — represented 
by average sunspot numbers — to the changes in global tempera
ture from 1885 to 1985. When solar activity increased between the 
1880s and the 1940s, global temperatures also increased. When so
lar activity declined between roughly 1940 and the 1960s, temper
atures also declined. When solar activity and sunspot numbers re-

* S. Baliunas and A. Vaughan, Ann. Rev. Astron. Astrophys. 23,379 (1985) 
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Figure 7. Comparison of (a) 33-year running average of sunspot 
numbers and (b> average global temperatures from 1885 to 1985. 

versed and started to move up again, temperatures did the same. 
These parallel patterns of change could be a coincidence, but 

they suggest a solar explanation for at least a part of the post-1880 
temperature rise. 

I M P L I C A T I O N S FOR T H E M A G N I T U D E 
O F T H E G R E E N H O U S E EFFECT 

These findings on the climate impact of natural and solar varia
bility have significant implications for policy makers considering 
today how to cope with the catastrophic greenhouse temperature 
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i ncase pred^edforthemid^st centum 
A s m d ^ e d e a r i i ^ b e c ^ 

tions of greenhouse w a r m m ^ a n d t h e d ^ ^ y m d e c ^ 
prediction is most accurate, scientists concerned with offering 

sound advice on the greenhouse prohiem have tended to reiy on 
theohserved temperature increase o fO^Gs ince 1880 as their hest 
evidence that the greenhouse effect is already here, and that steps 
should he taken now to cope with its full development in the next 
centuryB^ 

Asnotedonpagel8,agreenhouseeffecthigenough to explain 
the post-1880 temperature rise of 0.5"Gwillprohahlyproducea 
temperature increase of ahout3"Gin the midtolate 21st century 
^temperature increase of this magnitude would he sufficiently 
serious to warrant consideration of early action hy policy makers. 

On the other hand, if some cause other than the greenhouse ef
fect has produced much of theO^'Grise, and the greenhouse ef 
feet is responsible for onlyasmall part ofthat rise, that means that 
we can expectatemperature increase o f l e s s t h a n ^ G i n the next 
century. 

Suppose, for example, that some combination of natural varia 
bility and solar variability were responsible for 0 . 3 " G o f t h e 0 ^ G 
increase observed sincel880 This would mean the greenhouse 
contribution is o n l y 0 2 " G l f that is the case, the midtolate 21st 
century warming will be only aroundl^G 

This is considerably less than the warming of3"Gindicated by 
current midrange greenhouse forecasts,which assume that the 
entirepostl880riseof0.5"Gisduetothegreenhouseeffect 

In fact, itis possible thatacombinationofnatural and solarvar 
lability is the cause of the entire temperature increase observed 
sincel880,with the greenhouse effect relegated toanegligib^e 

^ ' Since global climate models indicate the increase in greenhouse gases 
linthepastcenturyl should haveincreased the temperature byO.^G, tbe 
modeling and observational evidenceareconsistentin indicating thatthe 
greenhouseeffectischangingourclimateBlamesllansen,^ASAGod 
dardlnstituteforSpaceStudies^l^^^^P^, February 11,1989) 
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effect of the wild cards introduced into the greenhouse 

= = = = = = 

years. 
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V. EVIDENCE FOR 
N A T U R A L CYCLES OF 

W A R M I N G A N D COOLING 

Is other evidence available that might be pertinent to a predic
tion of global temperatures in the 21st century? An analysis of cli
mate records for England by Lamb indicates that during the last 
millenium, protracted periods of cold weather occurred roughly 
every 200 years — in the 13th, 15th, 17th, and 19th centuries. The 
best known of these cold periods was the Little Ice Age — a time 
of very low temperatures marked by failed harvests, famine and 
social upheaval in northern Europe. Temperatures in the Little Ice 
Age were roughly 1' C lower than they are today. The 1690s were 
perhaps the coldest decade on record in the history of Europe. 

Wigley and Kelly have compiled additional evidence for the 
natural occurrence of cold periods every few centuries. Their 
climate history is drawn from global records compiled by 
Rothlisberger on the advance and retreat of glaciers. 

The pattern of recurring cold periods reported by Wigley and 
Kelly on the basis of the glacial records is not as regular as Lamb's 
records. However, it has greater validity because the glacial data 
are global, while the Lamb climate record is regional and may be 
valid only for northern Europe. 

Wigley and Kelly also discovered a correlation between the cli
mate record and the record of solar activity going back over many 
centuries. The levels of solar activity were determined from meas
urements of the carbon-14 content of trees, compiled by Stuiver 
and Braziunas.* (See the appendix for an explanation of the 

* Secular Solar And Geomagnetic Variations In The Last 10,000 years, (Ste
phenson and Wolfendale, eds.), 245-266 (1988) 
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relation between carbon-14 and solar activity.) Comparing the 
carbon-14 record to their climate history, Wigley and Kelly found 
that six out of the seven most severe decreases in solar activity 
correspond closely to cold spells in the climate record. One of 
these is the famous period of about 50 years of very low solar 
activity in the 17th century, which coincided with the coldest 
period of the Little Ice Age. 

Figure 8 shows the carbon-14 record during the last thousand 
years. The figure indicates surprisingly regular cycles of solar 
activity, with periods of low activity every 200 years or so during 
the last thousand years — midway between the 10th and 11 th 

1 4 C Production Rate 

1000 1200 1400 1600 
Year 

Figure 8. Anomalies in carbon-14 production rates associated with 
changes in solar activity. The negative of the production rate is plotted 
so that periods of low solar activity appear as low points on the chart. 
Dates are moved back 50 years to correct for the residence tune of car
bon-14 in the atmosphere. 
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centuries, and in the 13th, 15th, 17th and 19th centuries. 
The carbon-14 record shows only the beginning of the period of 

low activity in the 19th century, because the interpretation of the 
carbon-14 production rates become less reliable after ca. 1800. 
However, sunspot records confirm that a minimum of solar activi
ty also occurred in the 19th century, followed by a rise in the 20 th 
century to the current high level of activity. 

On the basis of this record, another period of low solar activity 
can be expected in the 21st century. If the correlation between low 
solar activity and low temperature continues, we can also 
anticipate a period of protracted cold in the 21st century as a 
result of the natural forces of climate change. If the 21st-century 
cooling is comparable to the Little Ice Age, the earth will be about 
1 • C colder as a result of natural factors alone than it has been in 
the 1980s. 
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Current forecast oftheman-made greenhouse effect do not 
appear to hesufficiently accurate to he used asahasis for 
sound national policy decisions. 
Forecasters cannot rely on the temperature increase observed 
in thelastlOOyearsasan indicator of greenhouse warming in 
the next century. 
Procurement of top-line supercomputers for the mâ or green
house forecasting groups could significantly diminish the lev-
el of uncertainty in the greenhouse forecasts, and would also 
lead to information on regional climate changes — in particu
lar, the occurrence of regional droughts— which cannot he 
predicted with any useful degree of accuracy hy the crude 
models currently in use. 
Thetotalcostofsupercomputing facilities forthe ma^orcli 
mate forecasting groups would he no more than^lOO million. 
The investment wouldhecost effective when viewed in the 
perspective of the large and potentially negative impact on 
the five^trilliondollarUSeconomy,that could result froma 
premature decision based on inaccurate and possibly mislead
ing forecasts. 

Thereliabilityofthegreenhouseforecastsalso suffers from 
gaps in observations of cloudsandoceans,andapoor under
standing ofprocesses vital to thedeterminationofclimate, 
such as moist convection.Astronger effort in global observa
tions is as important as the provision of computing power. 

Observationsandnumber^runching power alone willnot 
sufficeto resolve thedifficultpublicpolicy issues posed by 
the poorreliabilityofcurrent forecasts. Added scientificman 
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power is also needed. Fewer than 50 atmospheric scientists 
are working on greenhouse and climate forecasts in the entire 
U.^.The size of this group is entirely inadequate for the im
portance of the task these scientists are heing asked to per-
form. 

Certainty will never he achieved inamatteras complex as the 
forecasting of climate for the coming century.However^it is 
our judgment that ifaprudent investment is made in comput
ing power,ohserving programs and added manpower,an-
swers that haveausahledegree of reliahility can he provided 
for policy makers within3to5years. Through such an invest
ment, the government can accelerate the pace of climate re-
search to yield the necessary information in years rather than 
decades, so that timely action can he taken if needed. 
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APPENDIX: 
CARBON-14 A N D SOLAR ACTIVITY (Page 31) 

Carbon-14 is made by cosmic rays striking the earth's atmos
phere During periods of peak sunspot activity, when the surface 
of the sun is very disturbed, solar particles and magnetic fields 
spread through the inner part of the solar system, deflecting cos
mic rays and tending to keep them from the earth. As a result, 
during these times of vigorous solar activity the amount of car
bon-14 made in the earth's atmosphere decreases. 

During quiet periods in the sun, when sunspots decrease m 
number or disappear (e.g., the Maunder Minimum of the 17th cen
tury), the intensity of the sun's magnetic field decreases in the in
ner region of the solar system . 

Some carbon-14 atoms made by cosmic rays reach the ground 
and are incorporated into the bodies of trees in the normal process 
of tree growth. Analysis of the carbon-14 content in a cross section 
of a tree trunk yields a picture of carbon-14 changes during the 
tree's lifetime. The resultant curve of carbon-14 abundance versus 
time is a measure of variations in sunspot numbers and solar ac
tivity over time. 

The chart plots the negative of the variations in carbon-14, so 
that a minimum in the carbon-14 chart as plotted here also means 
a minimum in solar activity and sunspot numbers. Since carbon-
14 atoms typically take many decades to reach the ground, for the 
purpose of comparison with times of occurrence of climate chang
es the carbon-14 record shown in the chart has been shifted back 
50 years. 
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1. TECHNICAL ISSUES 

Scientists affiliated with the George C. Marshall Institute 
have undertaken an examination of the observational and the
oretical evidence pertaining to the global warming problem, 
prompted by a growing sense of alarm over the "greenhouse 
threat' among scientists, governments and the general public. 
This summary contains highlights from the results of their 
analysis. 

One of the main reasons for public concern is the fact that 
the temperature of the earth has gone up approximately halt a 
degree Celsius in the last 100 years. The increase coincided with 
a substantial increase in the amount of carbon dioxide and 
other greenhouse gases in the atmosphere. The increased con
centration of these greenhouse gases is apparently the result ot 
human activity, such as the burning of coal, oil and gas. 

Several scientific groups have concluded that manmade 
emissions of carbon dioxide and other greenhouse gases are the 
cause of much or all of the rise in global temperatures that has 
been observed since the turn of the century. They predict that it 
the atmospheric concentration of greenhouse gases continues 
to increase, the average temperature of the earth will rise in the 
21st century by at least 1.5-4.5'C, or as much as 8 F. 

According to these scientific groups, a significant tempera
ture rise could lead to recurrent and severe summer drought in 
the midwestem states of the United States and other productive 
agricultural regions. The worst-case scenarios predict a rise in 
sea level by as much as 15-25 feet* as a result of the greenhouse 
warming, inundating areas of New York, Miami and other 
coastal cities as well as low-lying river deltas and islands such as 
the Maldives. The lives of hundreds of millions of individuals 
would be disrupted. 

Simulation of Global Climate by Computer Programs. 
How accurate are the forecasts on which these predictions are 
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based^scien^s trying to forecast the amount of ^ a r ^ n g r ^ 
s i t ing from an increase in greenhouse gases face the problem 
that the n^anmade warming effect they are calculating is ĉ uite 
smallcompared to many natural warminganclcoolingeffects 
that influence the earth's climate.Totreat this small manmade 
effect withausefuldegree of accuracy, they mustheahle to 
compute the natural changes in the earth's climate withgreat 
precision. 

The calculationsthat attempt to achieve this^recision are 
performedwithacompt^ter model of the earth and its oceans 
and atmosphere.The model consists of e^uationsthat imitate 
mathematically the forces controlling the earth^sclimate.These 
e^ationsare transcribed into a lengthy computer program 
with tens of thousands of lines of code. 

Onepart of the mathematical program, for example, de
scribes the flow of heat from the sun downward to the earths 
surface, andthe flow of heat backup again to space from the 
ground.Thissectionof the computer code wouldinclude the 
effect of the greenhouse gasesinthe atmosphere in blocking the 
upward flow of heat and warmmg the planet. It would also in
clude attempts to describe the effect of clouds on the climate, 
both inblocldng theupward flow of heat and warming the 
planet, and in blocldng or reflecting sunlight from above, and 
thus cooling the planet. 

Anothersetof equations inthe computer attempts to de^ 
scribe how large masses of air flow around the earth, from the 
continentsto the oceans and viceversa.Additionale^uations 
checl^thehumidity of the moving masses of air,andmathe-
matically form clouds in the computer when the humidity ap^ 
proaches 100^. ^ow realistically the clouds are simulated in 
the computing program hasamajor impact on the predictions 
of the amount of greenhouse warming. As noted below,clouds 
are the largest source of error in current climate forecasts.^ 

Stillothere^uationsdescribehow theheatcomingdown 
from above is absorbed by the oceans, and how ^ ic ldy this heat 
istransferredtothedeeperwatersof the oceans. Accuracy in 
theselast equations is alsocritical, because they determine 
whethertheearth warms slowly or ^uicldy in response to an 
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m ^ ^ m ^ o n dioxide and other ^ n h o u ^ g ^ ^ o ^ 
nation on the speed with which the greenhouse effect wi lset 
^ i s a v i t a i part of theciimate scientist's input to pohcymakers 

ina^upwardsof^Ohasic and supporting ec^uationsare pro 
cammed for the computer to createamathematicaisimuia 
tionor 'modei'of the earth's ciimate The model's predictions 
also depend on dozens of parameters or "constants " whose vai 
ues are assumed at the start of the computation. Some are ac 
curatelyl^nownasaresult of observations for others, including 
some of great importance, the climate modeler has to guess the 

right value. 
The computations are exceedingly complicated, not only he 

cause they involve so many equations and parameters, hut also 
because the whole svstem of equations is locked together hy the 
"feedback" terms which ma^e each equation dependent on one 
or several of the others^saresult,acomputation of the simu 
lated climate for the next 100 years can require as much as 
10,000 trillion individual bits of arithmetic 

I m p o r t a n c e ^ C o m p u ^ P ^ ^ Greenhouse forecasts 
could be made both more accurate and more timely^and, 
therefore, more useful to policymakers^ the leading chmate 
forecasting groups had more powerful computing faeces for 
their worl^Supercomputers now on the market offera l5fold 
speed increase over the best computers now used by scientists 
worldngon thegreenhouse problemFvenfastercomputersare 
under developmentThe department of energy announceda 
plan in 1^0 for an eventual 10,000 fold increase in the perfor 
mance of climate^forecasting computers.^ 

These supercomputers can diminish errors and uncertain 
ties in theglobalforecasts resulting from inade^uateallowance 
fortheeffectofoceancurrentsTheywillalsoallowgreenhouse 
forecasterstoma^ethefirstseriousattemptsatuseableregional 
forecasts^an achievement not within their grasp at present 
The availability of substantially greater computing power 
should lead to dramatic improvements in the accuracy of re 
gionalforecastsandtheoverallpaceofprogressin global warm 
ing research. 
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c ^ c ^ y i m p o ^ ^ ^ 
^ b o n d o ^ r u ^ economy d e p e n d o n t h e ^ a ^ ^ 
predic^ons generated by the greenhouse f o r e c a ^ m g ^ 
One hundred m^hon dollars would purchase top line super 
computer complexes for the four major scientific groups wor^ 
mg Intensively on the greenhouse problem The expenditure 
would beasolldlnvestmentlnthe future of the economy 

Clouds and the G r e e ^ b o ^ f ^ r o b l e ^ Clouds cover roughly 
half the earths surface at any given time, shielding this large 
area from the suns rays. Asacons^ence they haveacoollng 
effect on the cllmateClouds also haveaheadng effect because, 
lll^egreenhoLtsegases^ they blocl^ the upward flow of heat to 
s^ace from the earths surface However, recent satellite mea 
surements have shown that while Individual clouds have varl 
ous effects that can contribute either to heating or cooling, the 
overall effect of the earth's cloud cover Is to cool the ^lanet^ 

Clouds createaproblem for the greenhouse forecaster be 
ca^se the overall natural cooling effect noted above Is ten times 
larger thanthe manmade greenhouse warmmg projectedfor 
the middle of the next century. 

Because the effect of the natural background of clouds on 
the Input of heat to the earth's surface Is so much larger than 
the predicted greenhouse effect,asmallchangelnthe cloud 
cover can either dimmish the manmade greenhouse warmmg 
byavery large amount, or magnify It byavery large amount. 

however, small changesmcloud cover are very hard to pre 
dlctConse^uently,cloudsma^e the greenhouse effect extreme 
ly difficult to predict with even the roughest degree of accuracy 
They are the largest single source of errorlnthegreenhouse 
forecasts. 

Arecent^l^study^ubl lshedbytheUKMeteorologlcal 
Office ^ K M O ^ Illustrates the largechangesmforecasts of glob^ 
al warmmg that result from seemingly modest changeslnthe 
^vay clouds are handledlnthe commutations. 

The UKMO computation of global warming refined this 
simple description of clouds and cloud formation by allowing 
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r l l l t S i 
screening the earth's surface from incident sunlight. 

In other words, such water-heavy clouds (which often have 

immmm 
feedback. , ^ . , 

Introducing these and other elements of the real worid mto 

SSSSSSSSSSt 
direct response to the addition of CO2. 

The changes reduced the greenhouse warming computed^by 

I S M S 
of the greenhouse effect are extremely fragile. 
Limited Value of the EOS Satellites for Greenhouse Re-

=s=SE:e=5e: 
in carbon dioxide. 
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elude aerosolsB^one and 
water vapor Aerosols are Important because they screen the 
earth's surface from the sun and tend to cool the planet. Ozone 
and atmospheric water vapor are Important greenhouse gases 
that tend to heat the planet 

The key climate-related observations required for Improved 
accuracy of global warmlngpredlctlons are Includedlnthe 
plansforEO^thesatelllte based Earth Observing System under 
development byNASA. 

The EOS satellites are also designed to provide Information 
on many other earth science dlsclpllneslnaddltlonto climate 
science^^r^geology,hydrology,meteorology,oceanogra 
phy^earth resources and biological productlvlty.Thlsclrcum 
stancellmlts theusefulnessof theEOSsatelllteslncurrent 
researchoncllmate change Theprovlslon for Instruments 
covering nearly the full spectrum of earth science disciplines 
has the consequence that the EOS satellites are large, complex 
vulnerable to singlepoint failure ̂ ndexceedinglyexpensive, 
and—most important for the global warming problem—many 
years elapse before the data begins to flow. 

Although planning for EOS started i n l ^ , the first two 
EOS satellites are not scheduled for launch until l a t e l y ^nd 
1998.These launch dates seem almost certain, inthe ligh^ of 
past experience with large space programs, to slip into the ^st 
century. Butastream of data that only commences to flow on 
orafterthet^rnofthecentury will come too late to meet the 
needs of policymakers pondering the wisest course to follow in 
the face of conflicting and ambiguous scientific evidence This 
extended number of years to launch essentially eliminates the 
usefulness of the EOS satellite as an input to government policy 
decisions on global warming. 

ANet^or l^ of S^a l l and lue^en^l^e Satellites The limita 
tions of the EOS satellites for resolution of the global warming 
uncertainties can be overcome by the launch ofanetwork of 

The partite content of the atmosphere, con^^ 
manmade port ion and hioiogical act ive 
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small and relatively inexpensive satellites, specifically designed 
to supply the key observations needed by the climate-forecast
ing community. A network of such climate-specific satellites, 
called CLIMSATs, has been proposed by climate scientists 
Hansen, Rossow and Fung.7 

Each CLIMSAT would carry the same set of instruments—a 
minimal package needed to fill in the gaps in existing observing 
programs for clouds, aerosols and other key quantities. The 
individual instrument packages would weigh less than 200 
kilograms, could be placed on a satellites with a mass of approx
imately 1000 kilograms (vs. 15,000 kilograms for EOS), could be 
launched on an off-the-shelf rocket of Delta class and would 
cost roughly $100 million for instruments plus satellite (vs. $3 
billion for EOS). 

A network of six CLIMSATs would provide global monitor
ing of clouds and other variables every four hours on the av
erage, and would cost less than $800 million, including launch 
costs. The instruments proposed by Hansen and his colleagues 
have been tested in orbit in previous missions and require little 
or no further development. The network could be in orbit by 
1994-1995 if the program is initiated in the near future. 

The network of CLIMSATs would satisfy all the major re
quirements of a global climate monitoring network which are, 
by and large, not satisfied by EOS: timely initiation of the pro
gram in relation to the needs of the policy-making community, 
reasonable cost, and feasibility of replacement if a satellite is lost 
at launch or in orbit. 
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CASTS COMPARED WITH 

OBSERVATIONS 

James Hansen and his col^aguesmNASA have made the-
oreticai estimates of the greenhouse temperature increase we 
should have seen in the iast 100 years, hased on what we know 
ahout the increasesin carhon dioxide andother greenhouse 
gases Theygeta theoretical result of roughly haifadegree 
Centigrade, in agreement with the observations^ This fact sug 
gests that the greenhouse calculations are good enough so that 
we should pay attention to what the calculations predict for the 
next century However,acloser look at the comparison between 
the greenhouse theory and the observations, shown in Pigurel, 
raises doubts about the significance of this agreement. 

ClobalTemperalureCbanges^ First, nearly all the observed 
temperatureincreaseoccurredbefore 1940. But most of tbe 
greenhouse gases were emitted into the atmosphere afterl940 
Howcan greenhouse gasesbethecauseofarise in temperature 
that took place before they existed7Clearly,they cannot Some 
other factors must havecaused part, and possiblyalarge part, of 
that half^legree warming. 

Second, after 1940 the earth became Average temper 
atureswentdown,andcontinuedtogodownforthenext30 
years, until the 1970s, when they started to rise again Through 
out the 1940̂ 1970 period, greenhouse gases were building up 
very rapidlyin the atmospherelf the greenhouse effect had any 
substantialinfluence on climate, the worlds temperature 
should have been going up at an accelerating rate in that peri^ 
od, as the concentration of the gases continued to build up In 
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stead, the world became cooler. Scientists disagree vigorously 
over the size of the greenhouse warming, but one thing they all 
agree on is that the greenhouse effect cannot cause a cooling. 

O . B -

0 . 6 -

0 . 4 -

o.: 

Calculated Groenhoum* EfUct 
Observation* 

1880 1900 1920 1940 1960 1980 
Year 

Figure 1. Comparison between observed global average temperature 
and calculations by Hansen et a l * based on a computer simulation of 
the greenhouse effect The dashed line indicates the calculatedI tem
perature increase caused by carbon dioxide increases since 1880. The 
solid line indicates the observed temperatures for the same period. 
The zero point in the calculated curve has been adjusted to agree with 
observations for the 1880s, since nearly all the anthropogenic green
house warming occurred subsequent to that time. 
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The calculations predict several other features of the green
house effect that distinguish it from other possible causes of 
global warming. A search for these distinguishing features pro
vides an indication as to whether the calculations are correctly 
representing the magnitude of the effect. 

Warming i n the Northern Hemisphere. One distinguishing 
feature is a major difference in warming between the two hemi
spheres. A l l the greenhouse calculations predict more warming 
in the Northern Hemisphere than the Southern Hemisphere, 
as a consequence of the greenhouse effect. According to the cal
culations, the additional warming of the Northern over the 
Southern Hemisphere should already have amounted to about 
0.5'C in response to the increase in greenhouse gases in the last 
100 years.9 However, the observed temperatures, shown in Fig
ure 2, show no significant difference in temperature trends in 
the two hemispheres in the last 100 years. 1 0 
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Figure 2. Northern and Southern Hemisphere temperature observa
tions. 
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Warmmg at H i g h Latitudes. A l l the greenhouse computa
tions predict an intense warming at high latitudes in the 
Northern Hemisphere, roughly twice as much as the warming 
for the tropical latitudes. The intensity of high-latitude warm
ing in the Northern Hemisphere should be particularly notice
able in the observations for the years subsequent to 1940, since 
this was the period in which the bulk of the greenhouse gases 
entered the atmosphere. The observed temperatures, shown in 
Figure 3a, indicate no net warming at high latitudes after 1940.n 

Instead, a significant warming trend appears after 1940 in the 
low-latitude observations—a latitude dependence opposite to 
the predictions of the greenhouse calculations (Figure 3b). 
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(a) 

( b ) 
1880 1900 1920 1940 

Year 
1960 1980 

Figure 3. Observed variations in annual mean temperature in (a) high 
latitudes in the Northern Hemisphere and (b) the tropics. 

Rapid Warming i n the 1980s. The greenhouse computations 
indicate a rapid rise in temperatures in the 1980s, as a result of a 
large increase in the greenhouse gases in recent years. The re
sults of the calculations for the 1980s, shown in Figure 1, show a 

12 



E X E C U T E S U ^ M A ^ 

rise of nearly O.^C—significant for a change taking ^lace over 
only one decades 

However^ highly precise measurements of glohal tempera 
tures for the 1980s carried out from satellites show no signifi 
cant change during the 1980s ^ These accurate satellite mea 
surements contradict the prediction of a strong 1980s warmmg 
trend. 

W a ^ n ^ ^ e ^ r i n ^he Records measurements of surface 
temperatures taken on continents and islands around ^he glohe 
indicate that 1990 was the warmest year in t̂ he history of tem
perature records.^ This Ending is in line with greenhouse 
predictions of a rapid warming toward the present end of the 
century. 

However, the finding is contradicted hy satellite measure 
ments of the earth s temperatures obtained hy looking down at 
the planet from above. The satellite measurements give a more 
accurate picture of the average temperature of the planet than 
the surface measurements^ because they cover the entire globe. 
The surface measurements have spotty coverage, with large 
gaps over the oceans and sparsely inhabited land areas. 

The satellite results^ listed in the table below, show no un 
usual temperature increase in 1990.^ In fact, the results show 

S A T 5 L I ^ 5 T 6 ^ 9 R A T ^ 5 ^ A 9 ^ 5 ^ ^ T 5 
Oeparturesfrom the 1979 1990 mean 

1979 ^ 0 1 
1900 ^015 
1981 ^0^00 
19^ 0.14 
1983 
1904 0 ^ 
1905 0 ^ 
190^ 0.14 
1907 ^021 
1900 ^ 1 9 
1909 ^000 
1990 ^0.11 
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that 1990, far from being the warmest year ever, ranks only 5th 
warmest year out of the last 12, i.e., it is in the middle of the 
range of temperatures measured in the last decade. 

The list of satellite measurements also confirms that, as 
noted above, no significant warming trend appeared during the 
decade of the 1980s. Temperature increases in some years are 
balanced by cooling in others. 

Warming Increases i n the U.S. The greenhouse computa
tions also predict that the continental U.S. should have become 
about 0.5'C warmer in the last 100 years. The temperature ob
servations, shown in Figure 4, indicate there has been no trend 
to higher temperatures in the U.S. in that period. 1 5 It is striking 
tbat in the largest area of the world for which reliable, well-dis
tributed temperature records are available, the greenhouse pre
dictions are not confirmed. 

1895 1905 1915 1926 1936 1M5 1055 1965 1975 1986 
Year 

Figure 4. Annual average temperature for the contiguous United 
States 1900-1984, corrected for urban heat island effect 

The Greenhouse Fingerprint . According to the computer 
simulations of the earth's climate, a greenhouse-induced 
warming has characteristics which distinguish it from temper-

14 
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a^ecbangesproducedbyotber actors Among these prop-
erties^which constitute the fingerprint of the greenhouse e ^ ^ 
are^i^agre^ter temperature rise in the Northern Hemispheres 
^a^ rea te r temperature rise at high latitudes than 8tiow ̂ t i -
tudes^iii) an accelerating increase in temperaturesinthel^Us^ 
meeting the rapid increase in greenhouse gases in recent 
^nd ( i ^ a substantial increase in temperature in the United 
S^tes in the last 100 years. 

1̂1 four predictions are contradicted hy the climate changes 
that actually occurred in the lastlOO years The predictions 
yielded by the computer simulations of glohal warming appear 
to fail tbe test of comparison with observation in nearly every 
important respect.Tbis does not inspire confidence in tbe abili-
tvof these computer forecaststopredict what willb^ppen in 

tbe nextlOO years 

l^easonsfor Poor dua l i ty of tbeGreenhouseForecasts . 
How can tbe greenhouse calculations be so far off from tbe ob
servations, and alsosoinconsistentwithoneanotber^Tbean 
swerl iesin tbefact tbat these arenotreally^calculations^of 
temperature, as most laymen would interpret tbe word.^^cal-
culation^soundslikeasolidresult: an engineer calculates tbe 
si^e of tbe girders needed to support tbe weight of tbe traffic on 
abridge,forexample ^ut tbe greenbouse^calculations^re dif
ferent They are not solid As noted earlier,some twenty partial 
differentialequationsandsupportingequationsunderiie tbe 
greenhouse ^calculations^ of global climate In addition to 
dozens of so-called ^constantsB whose values are cruciai to tbe 
forecastsbut often have tobeguessed, tbe wbolesystem is 
locked together by feedbacks. Tbe computer program ta^es tens 
of thousands of lines of code.Asingle computation of 100 years 
of simulated climate requires aboutl0,000 trillion individual 

bits of arithmetic. 
This massive effort is an attempt atacomputer simulation 

of an extremely complicated situation—the oceans, atmosphere 
and land areas of tbe eartb, all interacting with one another— 
andtopredict what will happen totbis complicated system 
when one factor, like the amount of carbon dioxide in tbe at 

15 



THE GREENHOUSE PROBLEM 

mosphere, changes. Many of the critical interactions are poorly 
known. Some key interactions probably have not yet even been 
identified. It is not reasonable to expect this weak theoretical 
edifice to produce estimates of global temperature a century in 
the future with any useful degree of accuracy. 
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^ ^ e a b e ^ g u i d e ^ c b m ^ e change ^ n t b e c o m p u ^ 
forecast Can we give more rebate information to the pob^^ 
making community and the energy sector trying to pianinteiii 
gentiy for the futures 

The reaiworid has important information for the climate 
expert in this connection. In the last 100 years, the concents 
tion of greenhouse gases increased hy an amount equivalent to 
a50^r i se incarhondiox ide Meanwhile, the temperature of 
theear throsehyroughlyO^C Suppose we assume that the 
ent i reglohalwarmingofO^Cwascausedhy the greenhouse 
effectProhahly not all of it was. Outlet us assume that it was, to 

get started. 
^ i t h that assumption, we can say that mankind carried out 

an experiment, and the results of the experiment are in hand:A 
50^ increase in carhon dioxide leads toahalfdegree rise in 

glohal temperature. 
Thisisasolidfinding,hecause the clouds and oceans in that 

experiments werenotcomputer simulationsof cloudsand 
oceans, hut the clouds and oceans of the real world. The feed 
hacks in the ^experiments are the feedbacks in the real world. 
Thesefeedhacksarethekey factorsindeterminingglohal 
warming, and are so complicated they have to he guessed at hy 
the theorists, when they try to imitate the climate in the com 
puter programs. An estimate of the coming greenhouse effect, 
based on this response of the real earth to real greenhouse 
gases, should beabetter guide to future global warming than 
calculations based on the highly uncertain computer Simula 

tions. 
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temperatures in the last 100 years should be replaced by a rise in 
the range 0 3-0.6'C, because of observational uncertainties.1 

Since the climate impact of greenhouse gases in the 21st century 
is expected to be double their impact in the last 100 years, the 
temperature increase produced by the greenhouse effect in the 
next century should lie in the range 0.6-1.2'C. This range in 
possible temperature increases replaces the initial estimate of 
1.0'C. 

Ocean Thermal Lag. Because of ocean thermal lag, the global 
temperature rise observed to date cannot be the full response to 
the greenhouse gas increase that has occurred in the last 100 
years. The extent of the ocean thermal lag depends on the rate 
at which heat absorbed at the surface of the ocean is transferred 
from the shallow surface layer to the much larger volume of 
water at greater depth. Recent computations, with the effects of 
ocean circulation included, show that 3/4 of the full warming 
appearing in the first 10 years after an increase in greenhouse 
eases takes place. 1 6 ' 1 7 From this result it can be estimated that 
the ocean thermal lag has reduced the warming to date by ap
proximately 0.1'C. Accordingly, the IPCC estimate of a range of 
0 3-0 6'C for the observed temperature rise should be increased 
to 0 4-0.7'C. Since the climate impact of increased greenhouse 
eases by the mid-to-late 21st century is expected to be double 
their impact in the last 100 years, the projected temperature in
crease in the mid-to-late 21st century is increased to the range 
0.8-i.4'C. 

Natural Factors i n Climate Change. Theoretical studies of 
the natural variability of climate—substantial swings of global 
temperature occurring without apparent cause-indicate that 
this phenomenon can produce changes of the order of 0.2 e 
over a 100-year period,1 8 for climate models close to those used 
by the IPCC as the basis for its "best estimate" of global warm
ing The 0.2-C change due to natural variability can be in either 
direction; that is, the greenhouse contribution to the observed 
warming of 0.4-0.7%: over the last 100 years could have been as 
little as 0.2"C or as much as 0.9 "C, after correction for natural 
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v a r i a b i ^ ^ ^ g ^ e n h o u s e impact b y ^ e m i d d ^ 
century is double tbe impact of tbe anthropogemc greenhouse 
gases to date, as tbe IPCC projection indicates, tbe global warm 
ing in tbe mid ^st century will lie in tbe range0418^ 

empirical ^mits on ^ t C e n l u r y W a r m i ^ T b i s projection 
of global warming in tbe mid ^st century is derived from tbe 
temperature changes observed in tbe last 100 years, modified to 
allowfor^uncertaintiesin the temperature observations to 
date^ii^ ocean thermal lag^and^possible contributions of 
natural variability to the observed 18801980 rise 

Tbe midpoint of the projected range 0 ^ 1 8 ' C i s l l ^ T b i s 
empirically based result is significantly lower than the IPCC 
^bestestimate^of^^C for the warming expected to occur in 
tbe same time period. 

It should be noted that the IPCC estimate is based almost en 
tirely on computer simulations of the earths climate,wbose 
predictions to date for the greenhouse effect disagree with ob 
servation in nearlyevery important respect.Tbelimits04 
1.8'C derived above are based on tbe observations themselves, 
ie,ontheearth^sknown response toaknown increasein 
greenhouse gases. 

The low end of the estimate of0B118'C would not havea 
significant impact on human affairs. The high end of the esti 
mate—1.8'C spread over halfacentury or more—may or may 
not be significant in the sense of requiring governmental con 
straints on greenhouse gas emissions deduction of the uncer 
tainty in the forecasts is clearly essential if useful information is 
to be provided to policymakers. 
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According to computersimu^^ 
tbe giobai warming produced by tbe greenhouse ^ectbasspe 
ciai characteristics which distinguish it from temperature 
changes produced by other causes These characteristics, wbicb 
constitute the fingerprint of the greenhouse effect, are contra 
dieted by tbe ciimate changes that have actuary occurred in tbe 
iast 100 years 

As matters stand, it is difficult to piace any degree of con 
fidenceincurrentattemptsto simulate tbe eartbsebmate, and 
in their forecastsfor tbegreenbouseeffect in tbe coming 
century,consideringbow poorly these simulations have fared 
in accounting for changes observed during the past century 

An empirically based analysis of the future greenhouse ef 
feet, based on the actual response of tbe eartb to the increases in 
carbon dioxide and other greenhouse gases that have occurred 
to date, should beabetter guide to tbe coming global warming 
than forecasts derivedfromthebighly uncertain computer 

simulations. 
Tbe result of the empirical analysis isatemperature in 

crease of not less thanO^C, but not more t h a n l ^ C This 
range of temperatures reflects uncertainties in global measure 
ments to date and possible contributions from natural factors in 

climate change. 
Tbe upper limit to this empirically based result is signifi 

cantly less than the IPCC b̂est estimates^ of 2.5^ for the warm 
ing produced under similar assumptions The IPCC estimate is 
based on computer simulations of the earths climate,wbose 
predictions for the greenhouse effect to date disagree with ob 
servation in many important respects The upper limit to global 
warming in tbe present analysis is based on the earth's known 
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responsetotbeknownmcreasesingreenhouse gases tbat have 
already occurredintbe last 100 years. 

Tbe lower limit to tbe empirically based range of tempera 
turelncreases would not bavea ma^orlmpacton buman af
fairs Tbe upper l imi t—18^ spread over tbe better part o f a 
century—may or may not beslgnlflcant In tbesense of re
quiring government constraints ongreenbouse gas emissions. 
Furtber reduction of tbe range of uncertalntylntbe forecast Is 
clearly essential If useful Information Is to be provided to offi
cials concerned wltb development ofanatlonal energy policy. 

Conclusions, l^o we bave time to carry out tbe research aimed 
at narrowing tbe uncertainty in current forecasts^ Some scien 
tistsandpolicymakerssay w e d o not. Tbey say webave to 
movenow^ we cannot takeacbance on waiting for morere 
search and better forecasts, ^ut tbe scientific facts do not support 
tbat position. 

Much of the research reported in this volume has been con 
ducted in the last two to three years With tbe attention of sci 
entists focused on the greenhouse problem, it seems very likely 
that significant additional progress will be made in the next^S 
years. It has been suggested tbat tbe U.S. ma^or policy decisions 
on carbon restraintsbedeferredfor five years, while there 
search is conducted tbat can give public officials more reliable 
information. Tbe calculations show that the most tbat can 
happen because of the delay is an addi t ionalOl 'Cof warming 
in the 21st century. 

This would bearelatively small penalty for getting reliable 
informationtogovemmentofficialsbeforethey undertake to 
restructure the economy of the United States. 
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^ ^ ^ O ^ T ^ 

A g ^ d ^ o f ^ e a ^ b has been d e v o ^ m ^ e n t years 
tothe technical problems mvolvedmca^ar ing the man-
made greenhouse e ^ T h i s s t u d y ^ h e ^ r d m a s e r i e s by 
scientists associated with the GeorgeCMarshall Institute, 
considers recent findings on tbe extent of human induced 
global warming. Cne of the main reasons for concern over 
this aspect ofclimate change is the fact tbat the earth s tern 
perature bas risen by approximately balfadegree Celsius in 
the last 100 yearsTbis increase coincided withasubstantial 
increase in the amount of carbon dioxide and other green
house gases in the atmosphereTbe increased concentration 
of these greenhouse gases in the atmosphere is apparently 
the result of human activity,sucb as burning coal, oil and 

gas 
Several scientific groups have concluded that tbe greens 

bouse effect caused by the manmade emissions of carbon 
dioxide and otber gases bas produced much or all of the rê  
cent rise in global temperaturesTbey predict that t h e r e i n 
be an increase in greenhouse gases equivalent toadoubling 
of carbon dioxide by the middleof the 21st century,and tbat 
this ^ill^ause the temperature of the eartbto rise by as 

muchasS^C. 
According to these scientists,atemperature rise of this 

magnitude would cause major disruptions in the earths 
ecosystem, including severe summer drought in the mid 
western united States and otber agricultural regions The 



G ^ ^ W A ^ ^ ^ ^ A ^ 

W 0 ^ C 8 ^ ^ n ^ 5 p ^ d ^ a m ^ 0 r r i ^ m ^ ^ ^ ^ 8 

^ u ^ o f ^ g ^ n b o u ^ warmmg mundaring areas of ^ 
York, Miami and other coastal ciries as well as low i n g 
river deltas and islands The lives of hundreds of millions 
of individuals would he disrupted. 

The available data on climate change, however, do not 
support these predictions, nor do they support the idea that 
human activity has caused, or will cause,adangerous in 
crease in glohal temperatures. As we make this statement, 
we are aware that it contradicts widespread popular opin 
ion, as well as the technical judgments of some of our col 
leagues on the magnitude andimportance of thegreen 
housewarming.^ut it wouldbe imprudent toignore the 
facts on glohal warming that have accumulated over the last 
two years These facts indicate that theoretical estimates of 
the greenhouse problem have greatly exaggerated its seri 

ousness. 
enormous economic stakes ride on forthcoming gov 

ernment decisions regarding carbon ta^es and other restric 
tions on C^emissions .Due attention must therefore be 
given to tbe scientific evidence, no matter bow contrary to 
popular opinion its implications appear to be 
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g^esmtbeatmospberebave increased substantia^ymtbe 
last 100 years, mostly asaresuitofbuming coal, oil and gas, 
as well as otber buman activities. Tbe increase in tbe totals 
tyofgreenbousegases is equivalent toaSO^ rise in carbon 
dioxide According to computer simulations of tbe greens 
bouse effect, tbis large increase in greenhouse gases sbould 
baveproducedarise of aboutO^C in tbe average tempera 
tureoftbeeartbssurface Tbedasbedl ineinFigurelon 
tbefollowingpagesbowstbeO^C temperature rise in tbe 
last 100 years, calculated fromatbeoretical model of tbe ef 

feet of greenhouse gases. 
Tbe theoretical result for tbe greenhouse effect i s i n 

good agreement with actual measurements of the average 
temperature on the earths surface, shown as tbe solid line 
in Figurel The measurements reveal tbat the earthstem 
peraturebasgoneupaboutO^Csince 1880 disagree 
ment seems to suggest tbat the increase in greenhouse gases 
was the cause of the temperature rise lt implies further tbat 
the greenhouse predictions for tbe ne^t century must be 

taken seriously. 
However, another look at Figurelplaces this conclu 

sion in doubt The chart shows tbat nearly the entire ob 
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served rise of 0.5 "C occurred before 1940. However, most of 
tbe manmade carbon dioxide entered the atmosphere after 
1940. The greenhouse gases cannot explain a temperature 
rise that occurred before these gases existed. 

Temperature 
Change (C) 

0 .8 -

0.6-

— Calculated Greenhouse Effect 
Observations 

0.5-C 

1880 1900 1920 1940 1960 1980 
Year 

Figure 1. Calculated warming due to the increase in greenhouse 
gases in the last 100 years (dashed line), compared with observed 
temperature changes (solid line).1 

Furthermore, from 1940 to 1970, carbon dioxide built up 
rapidly in the atmosphere. According to the greenhouse cal
culation, the temperature of the earth should have risen 
rapidly. Instead, the chart shows that the temperature actu
ally dropped. 
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The fall in temperature between 1940 and 1970 is par
ticularly difficult to explain as a greenhouse phenomenon, 
because, as noted, this entire period was one of strong eco
nomic growth and increasing emission of greenhouse gases. 
According to the greenhouse predictions, it should have 
been a period of rapidly accelerating temperature rise. Even 
allowing for a delay in the earth's response to the increase 
in greenhouse gases, the 1970s should have been appreciably 
wanner than the 1940s. 

The fact that this was not the case indicates that the 
greenhouse effect could not have been the only cause or 
even the principal cause of the climate change that took 
place between 1880 and 1970. As the report of the U.N. Inter
governmental Panel on Climate Change states: 

"It is still not possible to attribute any or all of the warm
ing of the last century to greenhouse gas-induced climate 
change."2 

Heating by greenhouse gases cannot explain the rapid 
rise in temperature prior to 1940, and cannot explain the fact 
that tbe temperature dropped between 1940 and 1970. The 
predictions of the greenhouse theory are contradicted by the 
temperature record to such a degree as to indicate that the 
anthropogenic greenhouse effect has not had any significant 
impact on global climate in the last 100 years. 

The Missing Greenhouse Signal 

There are other checks on the reliability of the green
house forecasts. These forecasts are based on computer sim
ulations of global climate that not only predict a general 
warming of the earth, but also predict certain special charac
teristics of the warming. These special characteristics make 
up tbe so-called greenhouse signal. 
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For example, calculations of the greenhouse effect show 
a particularly large temperature increase at high latitudes. A 
pattern of warming that showed greater temperature in
creases at high latitudes than at low latitudes would be a 
sign that the greenhouse effect is probably the cause of the 
warming. It would be a "greenhouse signal." 

According to the climate calculations, several types of 
greenhouse signal should have appeared clearly in the tem
perature records for the last 100 years. The detection of these 
signals would indicate that the greenhouse effect is already 
substantial and the greenhouse theories are relatively reli
able. 

Warming in the Northern Hemisphere. Al l the green
house calculations predict that there should have been 
more warming in the Northern Hemisphere than in the 
Southern Hemisphere, as a result of the increase in green
house gases in the last 100 years. According to these calcula
tions, the Northern Hemisphere should already be wanner 
than tbe Southern Hemisphere by about 0.5 0 C. 3 However, 
the observed temperatures show no significant difference in 
temperature trends in the two hemispheres* (Figure 2, p. 7) 

Warming at High Latitudes. The greenhouse computa
tions also predict more warming at high latitudes than at 
tropical latitudes, particularly in the Northern Hemisphere. 
According to one representative calculation, the high lati
tudes should already have warmed by about 1*C more than 
the low latitudes as a consequence of the greenhouse warm
ing.5 However, the temperature records shown in Figure 3 
(p. 8) indicate no significant difference in trends between 
the high and low latitudes. 

In fact, the records for the period after 1940 show no net 
warming trend at all, although it was in this more recent 
period that most of the greenhouse gases entered tbe atmo
sphere. Instead, the charts show a greater warming trend at 
low latitudes than at high latitudes in the last 50 years — 
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Figure 2. Observations of mean temperature in the Northern and 
Southern Hemispheres. 

directly opposite to the greenhouse predictions. 

Warming in the U.S. According to other greenhouse 
computations, the continental U.S. should have warmed 
0.5-1.0"C in the last 100 years, with most of the warming 
expected in the last 50 years. However, a compilation of tem
perature records for the U.S. reveals no statistically signifi
cant warming trend over the last 50 years.6 (Figure 4, p. 9) It 
is striking that in the largest area in the world for which 
reliable, well-distributed temperature records are available, 
the greenhouse predictions are not confirmed. 

Rapid Wanning in the 1980s. Moreover, the greenhouse 
theory indicates that a rapid rise in global temperatures 
should have occurred in the 1980s, as a result of the large 
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Figure 3. Observed variations in annual mean temperature in (a) 
high latitudes in the Northern Hemisphere; (b) the tropics. 

increase in greenhouse gases in recent years. However, pre
cise satellite measurements of global temperatures show no 
significant warming during the 1980s.7 Figure 5 (p. 9) shows 
the results of satellite measurements of the earth's tempera
ture, obtained by looking down at the surface of the planet 
from above. 

The satellite results do not show the predicted trend to 
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crease.8 The greenhouse calculations appear to have exag
gerated the magnitude of the greenhouse warming by 
roughly a factor of five. 

The accuracy of the satellite measurements can be tested 
by comparing them to temperatures obtained from ground 
stations in the U.S. Surface temperature measurements in 
the U.S. are well distributed and accurate, and do not suffer 
the defects of spotty coverage associated with the global net
work of surface stations. The correlation coefficient between 
satellite and surface measurements for the U.S is 0.98 — 
essentially a perfect correlation and a confirmation that the 
satellite data accurately represent the temperatures on the 
earth's surface. 

In sum; the greenhouse calculations predict that during 
the last 50 years we should have detected: (i) a greater tem
perature rise in the Northern Hemisphere than the South
ern Hemisphere; (ii) a greater temperature rise at high lati
tudes than at low latitudes; (iii) a substantial warming in 
the U.S.; and (iv) an accelerating global warming in the 
1980s, reflecting the rapid increase in greenhouse gases in 
recent years. 

None of these predictions is supported by the changes in 
climate that have actually been observed in the last 50 years. 
The greenhouse signal which should have been readily de
tectable in temperature records, is not present. 

It is clear that since the greenhouse gases have a beat-
insulating effect, some degree of warming is likely to occur 
if their concentration in the atmosphere is increased. The 
question is: How much? If the greenhouse effect were as 
large as the commonly accepted forecasts predict, it would 
have produced a clear greenhouse signal in the temperature 
records of the last 100 years. But the signal is not present. 
Apparently, the greenhouse effect is considerably smaller 
than has been estimated. 

10 
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^ ^ a n a ^ o n s ^ ^ ^ ^ ^ 
^ ^ e ^ ^ G r e e n h o u s e ^ ^ ^ n s 

Atmosphere P o r t i o n . Atmosphere p o r t i o n has 
heen suggested as an explanation for the fact that the planet 
hasnot warmed asmuch as predlctedhy thegreenhouse 
theorles.^Alarge part of the pollution consists of sulphur 
dioxide emitted hyhumlng fossil fuelslnheavlly populated 
and Industrialized regions. Sulphur compounds In the 
atmosphere formaha^e or smog of very small particles — 
called aerosols — that shield the surface from the sun's rays 
and cooltheearthThe aerosols alsoform nuclei for the 
condensatlonof cloudpartlcles^lncreaslng theamountof 
cloud cover and cloud hrlghtness.The Increased cloud cover 
further shields and cools the earth. 

Effect of Pollution on Northern HemlsphereTempera-
tures.The cooling effect of the pollutant particles or aerosols 
should he particularly great In theheavlly Industrialized 
Northern Hemisphere. Consistent with this expectation, 
satellite data Indlcateahlgher concentration of aerosols In 
the Northern Hemisphere than In the Southern Henu 
sphere.^Charlson and others have suggested that this cool
ing effect of pollutlongeneratedha^e and clouds may cancel 
much of the warmmg effect of the greenhouse gaseslnthe 
Northern Hemispheres^ 

However,anexcessof Northemover Southern Hemi
sphere aerosols would not,mltself,explamthefallure of 
the Northern Hemisphere to warm as predicted. For that ex 
planatlon to he valid, the concentration of Northern Hemi
sphere aerosols would have to have heen Increasing rapidly 
at the same time that the greenhouse gases were Increasing, 
if the concentration of Northern Hemisphere aerosols were 
approximately constant In time, this unchanging factor 
could not mask the effect ofarapldrlselnthe concentration 
of greenhouse gases In recent decades. Northern Heml-

11 
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sphere ^mpera tu^ would be lowered u n ^ r m l y b y t h e 
aerosols, butarlslng trend due to the accelerating green
house effect would still be apparent against the constant 
background. 

ButThomas^arl of the National Climate l^ata Center 
points out that sulphur emissions In the U.S. have neither 
been Increasing rapldly,nor have they been approximately 
constant.Theyhave,mfact,beendecreaslngmtheU.S. 
since 1970 ̂ Therefore, they could nothavemasked the ex 
pected greenhouse temperature mcreaselnthe U.S. 

Is It possible tbat pollutlonmEastem Europe and the 
former USSR has spread to t h e U S a n d masked the green 
bouse effect here? Aerosol pollution In these regions, 
which has probably Increasedmrecent decades, could be 
carried to tbe U.S. by the large scale circulation of the atmo 
sphere, thus explaining the fact that theU.S. bas not 
warmedlnrecent years. 

However, this explanation cannot be valid, because the 
lifetime of anthropogenic aerosols In the atmospherels 
only a matter of days.^Thus, pollution originating In 
Eastern Europe, and travelling eastward with tbe general 
circulation of the atmosphere, does not stay In the air long 
enough to affect condltlonslntheU.SB 

^arl,etal. also note that no evidence exists for the view 
that an mcreaselncloud cover has been caused by pollu 
tlon. Tbe regions and seasons of Increased cloud cover with 
Inthe U.S. do not correspond with the regions and seasons 
of maximum pollutant concentration, as would be expected 
If pollution were tbe cause of the Increased cloud cover.^ 

E^elaysmWarmlng Caused by Oceans. The warming of 

^ The general movement of air masseslnthe Northern Heml 
sphereisfromwesttoeast.PollubonoriglnabngmEuropemust 
travel nearly ̂ B4of the way around the globe to reach theU.S. The 
trip tal̂ esweel̂ s, but, as noted, the aerosols are washed out of the 
atmospherelndays. 

1̂  
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the earth lags hehind the actual Increase in greenhouse 
gases because the oceans ahsorh much of this heat, hut warm 
up very slowly It has heen suggested that this delay in 
warming causedhy the oceans can amount todecadesor 
even centuries, and may account for the fact that the green
house signal has not yet appeared in the temperature 
records 

However, the calculationsincluding the effectof ocean 
circulation demonstrateamuch shorter delay,with approx
imately ^B4ofthefullwarmingappearingin thefirst 10 
years after the increase ingreenhousegasestakesplace.^ 
(Figure^The effect of this delay on the greenhouse warm
ing to date would hea reduction of O.l^C, which is not 
enough to explain the absence of the greenhouse signal. 

^igure^Clobally averaged surface-air temperature versus tune, 
showing the responseoftheearth^s climate toadoubling of CO^. 
The calculations,which include the effects of ocean circulation, 
show that appro^imately^of the full warming produced by 
occurs within 10 yearŝ  

1̂  
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^ e a s o n s ^ ^ e ^ o o r ^ u a l ^ ^ ^ e 
G r e e n h o u s e ^ o r ^ a ^ S 

^ is straightforward to caicuiate the temperature in
crease directly caused hy the addition of greenhouse gases to 
the atmosphere.These gases ahsorhcertainwaveiengths in 
the infrared radiation emitted from the planet's surface. 
The amount absorbed can he calculated from properties of 
the greenhouse gases tbat have been measured in the labo 
ratory.Tbe absorbed radiation heats the atmosphereTbe at 
mosphere radiates part of tbe absorbed heat up to space and 
partbacktotbe surface of the earth.Tbe beat retumedto 
the earthssurface increases its temperature,producing tbe 
greenhouse warming.Theseprocesses constitute the direct 
beating effect of the greenhouse gases. 

Foragreenhousegasincrease equivalent toadoubling 
ofcarbondioxide,wbicb is projected to occur in the next 50 
years or so according to tbe 1990 IPCC report, the calculation 
indicates tbat tbe temperatureincreasecauseddirectly by 
the greenhouse effect is approximatelyl^C. 

In tbatcase, why do tbe greenhouse theories predict 
temperature increases of as much as 5̂ C7 

The answer is tbat the modest warming, which is tbe di
rect effect of tbe greenhouse gases, is amplifiedby'feed 
backs^in the climate system. Cne of the most important 
feedbacks involvesclouds. Tbe greenhouse heatingmay 
leadtotheformationof more clouds, shielding tbe earths 
surfaceandcooling theplanet. Tbat would makethenet 
warming less thanl^C.The increase in cloud cover would 
b e a ^ ^ f ^ ^ ^ c ^ . 

Or tbe greenhouse warming maylower the relative hu
midity of tbe air, leading to tbe formation of fewer clouds. 
Tbat means more sunlight reaches tbe ground, and the 
final warmingisgreatertbanl^C. In this case, the clouds 

14 
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have created a positive feedback. 

Which is correct? Do clouds make the greenhouse effect 
larger or smaller? No one knows. In a recent study of the 
greenhouse effect, the U.K. Meteorological Office made a 
change in the properties of the clouds assumed in the calcu
lation and found that the predicted greenhouse warming 
dropped from 5.2'C to 1.9'C. Results obtained by other cli
mate forecasting groups range from a warming of less than 
r C in the next century to as much as 5'C, largely as a con
sequence of the different assumptions by each group regard
ing cloud feedbacks and other types of feedbacks. 

A global warming of I'C, spread over 50 years or more, 
might not matter much, but 5'C would be a serious prob
lem. Narrowing this enormous range of uncertainty would 
require calculating, inter alia, how large the cloud feedback 
is, and whether it is positive or negative, and that presents 
an extremely difficult problem for the climate forecaster. 

15 



III. THE CAUSE OF 
RECENT CLIMATE 
CHANGES 

Yet the earth's temperature did rise in the last 100 years. 
Since there is no discernible greenhouse signal in the tem
perature record, and moreover, most of the temperature 
rise occurred before the bulk of the greenhouse gases were 
in the atmosphere, it is clear that the rise was not caused by 
the greenhouse effect. But what did cause the earth to be
come warmer in that interval? 

In 1991, a paper appeared in Science which shed light on 
this question.^ This paper was based on a new analysis of 
changes in the sun. It showed an almost perfect correlation 
between the ups and downs of solar activity on the surface 
of the sun and the ups and downs of global temperature 
change. 

The correlation is shown in Figure 7 on the following 
page The figure shows that all the significant changes m 
global temperature in the last 100 years faithfully track the 
changes in solar surface activity. The agreement is too close 
to be readily dismissed as coincidence. This close correlation 
is in contrast to the marked disagreement between the 
global temperature record for the last 100 years and the 
predictions of the greenhouse theory, shown in Figure 1. 

What physical mechanism can explain the correlation 

16 
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Figure 7. Comparison between global temperatures (x) and solar 
surface magnetic activity, measured by the length of the solar 
cycle(+). The cycle length has an inverse correlation with sunspot 
numbers: short cycles mean high sunspot numbers and a high 
level of surface magnetic activity. 

between global climate and the sun's surface magnetic acti
vity? This magnetic activity is caused by strong magnetic 
fields which erupt on the sun's surface in sunspots, bursts 
of energetic particles and radiation. The changes in the sur
face magnetic fields do not in themselves transfer enough 
energy to the earth and its atmosphere to have a direct im
pact on climate. 

However, satellite observations of the sun have shown 
that when its surface magnetism changes, its energy output 
also changes. When the sun's surface magnetic activity goes 
up, its energy output increases; when the surface magnetic 
activity diminishes, its energy output decreases. 

Apparently, the changes in surface magnetism and 
changes in energy output are two independent manifesta
tions of a deeper phenomenon occurring in the body of the 

17 
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sun — two effects of one underlying cause.* 

The satellite measurements are available thus far for 
only the 10-year period 1978-1988, for which they show a 
change of 0.1% in solar energy output. This variation is too 
small to explain the global temperature changes observed in 
the last 100 years. However, larger variations in the sun's 
magnetism occur over timescales of centuries, and may be 
accompanied by correspondingly larger changes in the sun's 
energy output. Studies of convection in the sun indicate 
that changes in the state of the magnetic field within the 
sun's convective zone could, in fact, produce changes in 
solar luminosity of the order of 1%. A n increase of 0.5-1.0% 
is estimated to be sufficient to explain the entire 0.5"C global 
warming of the last 100 years. 

Baliunas, et al. have combined observations of the sun 
and solar-type stars to obtain the relationship between solar 
luminosity and changes in the sun's surface magnetic acti
vi ty.^ 9 Their results indicate that the marked increase in 

One possible physical mechanism relating solar magnetism to 
so ar luminosity is the inhibiting effect of magnetic fields in the 
solar interior on convective energy transport in the sun. 

Suppose, for instance, that when the surface of the sun is not 
erupting in sunspots and flares, the magnetic field in the solar in
terior is a smooth, well-ordered azimuthal field. At such times 
this subsurface field is most effective in blocking the convective 
transport of energy to the surface, and the sun's luminosity de
creases. At these times, the surface is also relatively quiet and un
disturbed, i.e., the sun is at a minimum in its 11-year cycle. 

When the surface of the sun is magnetically active, with many 
sunspots, it is plausible to assume that the subsurface magnetic 
held is in a relatively disordered state. At such times, the field is 
less effective in blocking the transport of energy, hence the sun is 
more luminous. 

These qualitative conclusions agree with the satellite observa
tions, which show that the sun's luminosity and surface magnetic 
activity rise and fall in phase. The key to the physical mechanism 
is the suggestion that when the average magnetic field on the 
sun's surface is at a minimum, the subsurface field is at a maxi
mum. 

18 
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solar surface activity recorded in the last 100 years corre
sponds to a brightening of the sun by 0.7%, in good agree
ment with the estimated change in solar brightness needed 
to explain the recent global warming. 

Additional Evidence for Solar Control of Climate. Fig
ure 7 suggests that the sun, and not the greenhouse effect, 
has been the controlling factor in climate changes over the 
last 100 years. However, this is not the only evidence for a 
connection between the sun and climate change. Other evi
dence for a sun-climate connection extends over thousands 
of years of geological records. 

Records of changes in the amount of C-14 in tree rings 
— an isotope of carbon which is known to be a good indi
cator of levels of solar magnetic activity — reveal that dur
ing the last 6,000 vears, solar activity has risen and fallen by 
substantial amounts every 200-300 years. Figure 8 (p. 20) 
shows one of the carbon-14 records. A comparison between 
the carbon-14 record and the record of ancient climates, ob
tained from geologic evidence of the advance and retreat of 
glaciers, reveals that all but one of the major decreases in 
solar activity in the last 8000 years were accompanied by cold 
spells in the climate record. 

The most recent and best-known instance was the Little 
Ice Age of the 17th century. This cool period in the earth's 
climate history coincided with the pronounced 17th-century 
lull in solar activity known as the Maunder Minimum. 

Evidence for a 
Small Greenhouse Effect 

Figure 7 shows changes in solar activity and changes in 
global temperatures in the last 100 years so closely correlated 
that the two curves seem to be wrapped around one an
other This close correlation suggests a means of estimating 
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Figure 8. Concentrations of Carbon-14 in tree rings over the last 
6,000 years, resulting from changes in solar magnetic activity. The 
average peak-to-peak separation is approximately 200 years. The 
decline from 4,000 B.C. to 500 A.D., and subsequent rise, are the 
product of long-term changes in the geomagnetic field and are 
not related to solar activity. 

a limit to the size of the greenhouse effect. 

As noted on page 4, the calculations of the greenhouse 
effect show that prior to 1940 its climate impact must have 
been fairly modest, no more than 0.1 ' C Thus, the green-
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RECENT CLIMATE CHANGES 

house effect could not have been responsible for the entire 
0 S'C rise that was observed to occur prior to 1940. An in
crease in the sun's brightness is a more likely candidate for 
the cause of that early rise. 

However, according to the calculations, after 1940 the 
greenhouse effect should have increased rapidly. Thus, if 
the calculations were correct, in the post-1940 period the pat
tern of global temperature changes should have begun to 
show a marked divergence from the pattern of solar activity 
changes, as greenhouse gases began to have an appreciable 
impact on the climate. The divergence should have become 
particularly pronounced in recent decades. 

But this gradually developing separation between the 
temperature chart and the solar activity chart does not ap
pear The agreement between the two charts continues to be 
remarkably close after 1940. Allowing for the uncertainties 
in both charts, room remains for only a very small green
house contribution of a few tenths of a degree at most, in 
the post-1940 period. 

As noted, the increase in the concentration of all the 
greenhouse gases in the last 100 years is equivalent to a 50% 
rise in the amount of carbon dioxide in the atmosphere. It 
appears that this increase has produced a modest g obal 
wanning of no more than a few tenths of a degree. If the 
50% increase in carbon dioxide up to the present time has 
produced a warming of a few tenths of a degree, the 100% 
rise projected for the next century will produce a warming 
of twice that amount, or roughly half a degree in round 
numbers. 

This upper limit on global warming in the next century 
is five times smaller than the value cited in the IPCC report 
as "the best estimate" for the magnitude of the greenhouse 
effect produced by a 100% rise in % It is, however, con
sistent with the greenhouse warming inferred from satellite 
temperature measurements (p. 9). 
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V. NEW RESULTS O N 
GLOBAL FLOODING 

Major new findings relating both to the greenhouse ef
fect and to its impact on human affairs appear almost 
monthly in the technical literature. With roughly one bil
lion dollars a year going into climate change research in the 
U.S. alone, such rapid progress is not surprising. New re
sults on the magnitude of the threat posed by global warm
ing have already been reported in the first two months of 
1992. 

Threat of Major Floods 

Melting of the polar ice sheets and a consequent rise in 
sea level have been viewed as among the most alarming 
potential effects of the greenhouse warming. An increase in 
sea level of several feet, projected by some experts, would 
cause destructive flooding of low-lying areas over the entire 
globe. The 1990 IPCC report gives a "best estimate" of about 
66 cm. (2 feet) for the sea level rise expected from the green
house effect in the next century.20 A March 1992 press article 
refers to global warming as the source of "rising seas inun
dating island nations, wiping out coastal marshlands and 
creating millions of environmental refugees." 

New Evidence for a Future Drop in Sea Level. However, 
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NEW RESULTS ON GLOBAL FLOODING 

recent research indicates that sea levels will fall rather than 
rise in response to the greenhouse wanning. In 1992, a 
Canadian-American team of scientists reported that the 
warming could be expected to lead to a growth in the size of 
the ice sheets, locking up more water and causing sea levels 
to drop by as much as two feet in the next century.21 

Their conclusions were based on an examination of the 
geological record over the last 130,000 years. This examina
tion indicated that a warm climate, similar to that projected 
by greenhouse calculations for the next century, favored the 
formation and growth of ice sheets, rather than their 
shrinkage. 

How can a temperature increase cause ice sheets to 
grow7 The answer to this seeming paradox is that Arctic and 
Antarctic air is normally too cold to hold much moisture. 
Therefore, these regions experience relatively little snow
fall With rising temperatures, the air holds more moisture, 
snowfall increases, and the size of the ice sheets also in
creases. 

In 1980, some experts considered a 25-foot rise in sea 
level in the next century to be a possibility.^ In 1985, the 
estimate was reduced to three feet." In 1989, it was reduced 
again to one foot. Now the predicted "rise" has passed 
through zero heading downward, and become negative. 
(Figure 9, p. 24) According to these results, the problem of 
rising sea levels and destructive floods has disappeared for 
the foreseeable future. 

Lessons Drawn from the History of Sea Level Predic
tions. Two lessons may be learned from this series of de
velopments. One is that the flooding of coastal cities and 
low-lying islands like the Maldives no longer appears to be 
a serious possibility. That is important, because some jour
nalists and policymakers still refer to a catastrophic rise in 
sea level as a major threat requiring prompt measures 
aimed at restricting the burning of coal, oil and gas. 
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The second lesson is that the apocalyptic forecasts of sci
entists in this area must be greeted with extreme caution if 
not skepticism, by policymakers and the public. If the gov
ernment had undertaken a massive program for construc
tion of seawalls on the U.S. coast five or ten years ago on the 
bas.s of what was then the accepted scientific wisdom, poli
cymakers would look foolish now and a great deal of 
money would have gone into a wasteful and fruitless effort 

Predicted Sea Level Change (Feet) 

Fall s 
1985 i w / 1989 1991 

Year in Which the Prediction Was Made 

a A M t e L ^ M s i s r -
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V. CONCLUSIONS 

Computer simulations of the earth's climate predict 
how much warming will result from a doubling of today s 
levels of carbon dioxide in the atmosphere — a condition 
that could be reached in the second half of the 21st century. 
The results obtained from the computer models used by 
various scientific groups range from roughly 1C: to 5 C, 
with 2.5-C as the "best guess" proposed by the U.N. Inter
governmental Panel on Climate Change. 

Reduced Estimates of the Greenhouse Effect. If the 
greenhouse effect were as large as any of the results yielded 
by these computer models, the effect would already have 
shown up clearly in the temperature record. The fact that 
the expected "greenhouse signal" is missing from the record 
suggests that the computer models have considerably exag
gerated the size of the greenhouse effect. 

Additional evidence, reported in the last year and based 
on satellite measurements of global temperatures, indicates 
that the greenhouse warming produced by a doubling of 
CO2 in the next century will be less than I'C, and may be as 
small as 0.5'C. 

Independent support for this conclusion comes from a 
comparison between changes in solar activity and changes 
in global temperature. The very close correlation between 
the solar changes and the changes in temperature suggests 
that the sun has been the controlling influence on climate 
in the last 100 years, with the greenhouse effect playing a 
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smaller role. The solar data and the temperature data fit so 
closely m their time dependence as to imply that the green
house contribution to global warming up to the present 
time cannot be more than a few tenths of a degree If the 
concentration of greenhouse gases rises in the course of 
several decades by an amount equivalent to a 100% increase 
in carbon dioxide, as some have predicted, the warming to 
be expected in the next century may be as large as twice a few 
tenths of a degree, or 0.5'C in round numbers. 

Spread over a number of decades, a warming of half a 
degree would be a relatively small effect and lost in the 
noise of natural climate fluctuations. 

These limits, while approximate, have more validity 
than the theoretical estimates of climate change, because 
they are not based on computer programs simulating the 
earth's climate but on the response of the real climate to a 
real increase in greenhouse gases over the last 100 years. 
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VI. POLICY 
IMPLICATIONS 

Recent findings, based on observations of actual temper
ature changes, suggest that the greenhouse warming will be 
considerably smaller than commonly accepted estimates 
based on computer simulations. Temperature increases in 
the next century, assuming a greenhouse gas increase equi
valent to a doubling of carbon dioxide in the atmosphere, 
will almost certainly be less than I'C and may be less than 
0 S'C. Temperature changes of this magnitude are com
monplace in the earth's recent history, and are not a par
ticular cause for concern. 

How do the new results affect energy policy? Some sci
entists and policymakers want the U.S. to adopt laws 
severely restricting carbon dioxide emissions, because they 
regard carbon dioxide as the primary cause of global warm
ing Congress has asked the Department of Energy for an 
estimate of the cost of policies that would reduce carbon 
dioxide emissions by 20% in the next 10 years. According to 
the Department of Energy, the cost at the end of the decade 
can be as much as $95 billion/year. The cost of electricity 
would double. The cost of oil would increase by $60/barrel, 
and gasoline would go up $1.30/gallon. A privately funded 
study estimates an accumulated cost of $3̂ 6 trillion over the 
next 100 years for comparable restrictions. -

27 



GLOBAL WARMING UPDATE 

But the scientific evidence does not support a policy of 
carbon dioxide restrictions with its severely negative impact 
on the U.S. economy. Important new findings on the green
house effect and global warming are reported nearly every 
month. Several of the major findings discussed in this re
port were released in the last year. Suppose policymakers 
wait five years to get still more results, before undertaking 
the drastic measures proposed by concerned scientists and 
politicians. What will that cost the U.S.? 

The Marshall panel did a study on this problem, using 
data from the 1990 report of the U.N. Intergovernmental 
Panel on Climate Change. M.E. Schlesinger and X. Jiang did 
a similar study.2 7 Both studies yielded the same answer. A 
five-year delay on major policy decisions regarding carbon 
dioxide limits will lead to a small amount of additional 
warming in the next century. How small will the additional 
warming be? 

The calculations show that a five-year delay in limiting 
carbon emissions will make the world warmer in the next 
century by at most one tenth of a degree, compared to how 
warm it would be if there were no delay. 

A very rapid evolutionary process is occuring in the 
field of greenhouse research, with major improvements 
likely in basic understanding and in the accuracy of the 
greenhouse forecasts in the next few years. An additional 
warming of one tenth of a degree in the 21st century is a 
very small penalty to pay for better information on gov
ernment decisions that, if taken unwisely, can be extraordi
narily costly to the U.S. economy. 
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1 
2 REBUTTAL TESTIMONY OF DR. RICHARD S. LINDZEN 
3 

4 Q.l. State your name, pos i t i o n , and q u a l i f i c a t i o n s i n the 

5 area of climate modelling and dynamics. 

6 A. My name i s Richard S. Lindzen. I hold the A l f r e d P. 

7 Sloan Professorship of Meteorology at the Massachusetts 

8 I n s t i t u t e of Technology i n Cambridge, Massachusetts. 

9 

10 I have been working i n the broad area of 

11 atmospheric dynamics since my graduate studies at 

12 Harvard. My Ph.D. thesis, .Radiative and photochemical 

13 processes i n s t r a t o - and mesospheric dynamics, was 

14 accepted i n 1964. I have since written over 170 papers 

15 i n the refereed s c i e n t i f i c l i t e r a t u r e , almost a l l of 

16 which dealt with the dynamics of the atmosphere, and 

17 over 50 of these papers dealt e x p l i c i t l y with the issues 

18 of climate theory and numerical modelling. I have also 

19 written or co-written 3 books. 

20 

21 Since 1964, I have been a research associate at the 

22 University of Washington and at the University of Oslo, 

23 have been a research s c i e n t i s t at the National Center 

24 for Atmospheric Research i n Boulder, Colorado, have held 

25 a professorship at the University of Chicago, have held 

26 various endowed chairs and served as di r e c t o r of the 

27 Center f o r Earth and Planetary Physics at Harvard 

28 University, and since 1983, have held the A l f r e d P. 



1 Sloan Professorship of Meteorology at the Massachusetts 

2 I n s t i t u t e of Technology. 1 have received theMelsenger 

3 ^nd Charney awards of the American Meteorological 

4 Society, and the MacElwane award of the American 

5 Ceophysloal Union. 1 have been elected a fellow of the 

6 American Meteorological Society, the American 

7 Ceophyslcal Union, the American Association f o r the 

8 Advancement of Science, and the American Academy of Arts 

9 ^nd Sciences. 1 have also heen elected to the National 

10 Academy of Sciences, the Norwegian Academy of Sciences 

11 and Letters, and the I n s t i t u t Mondial des Science. 

12 

13 l h a v e held distinguished v i s i t i n g positions at Tel 

14 A v i v U n i v e r s i t y , the Hebrew University, the University 

15 cf V i c t o r i a , the Physical Research Laboratory i n 

16 Ahmedabad, at Kyushu University, and at the ^et 

17 Propulsion Laboratory of the C a l i f o r n i a I n s t i t u t e of 

IB Technology. 1 have served on various boards and 

19 committees of the National Research Council, and 

20 currently s e rveontheBoardon Atmospheric Sciencesand 

21 Climate. 1 have been a reviewer and p a r t i c i p a n t i n 

22 a c t i v i t i e s of the Intergovernmental Panel on Climate 

23 Change ^DIPCC^. 1 have t e s t i f i e d on climate before 

24 both Senate and House committees. 

25 



1 My research a c t i v i t i e s ever the past 5 years have 

2 receivedever 2 m i i i i c n d c i i a r s i n f e d e r a i support. The 

3 prime focus cf my research has heen the development of 

4 theories for the earth^s c l i m a t i c hehavicr, the 

5 explanation of ma^cr climate changes of the past and the 

6 ev a l u a t i c n c f t h e c l i m a t e ^ s s e n s i t i v i t y tcenvironmental 

7 perturbations. 

8 

9 ^D2. What i s the purpose of your testimony^ 

10 A. The purpose of my testimony i s to respond to statements 

11 i n the testimony of three witnesses concerning the 

12 s c i e n t i f i c hasis f o r the hypothesis that anthropogenic 

13 emissions of carhon dioxide and other so-called 

14 ^greenhouse gases^ w i l l r e s u l t i n a substantial and 

15 detrimental change i n the earth^s climate. The 

16 statements to which 1 respondare contained onpages 2-9 

17 of the testimony of Christopher Oavis on behalf of the 

18 Department of Public Service, theprepared testimony and 

19 supporting report of Peter Ciborowski on behalf of the 

20 Minnesota P o l l u t i o n Control Agency and pages 14-17 of 

21 the report attached to the testimony of Stephen Bernow 

22 on behalf of the Izaak Walton League, et a l . 

23 

24 The import of those statements i s that there i s a 

25 scientificconsensus that a d o u b l i n g o f greenhousegases 

26 i n t h e atmosphereas comparedwithpre-industrial l e v e l s 



1 w i l l lead to a global average temperature Increase of 

2 1.5 to 4.5^ 0 (e.g. Bernow report, p. 16^ Ciborowski 

3 testimony, p. 2^ Oavls testimony, p. 6), wltb 

4 p o t e n t i a l l y disastrous e f f e c t s . Including substantial 

5 sea l e v e l r i s e from the melting of the polar Ice caps 

6 and thermal expansion of the oceans, Increased climate 

7 v a r i a b i l i t y and increased storm i n t e n s i t y and ma^or 

a changes i n ecology (e.g., Ciborowski report, pp. 3-4^ 

9 Bernow report, pp. 16-17^ Oavis testimony, pp. 6-7). 

10 

11 My testimony w i l l show that there i s no such 

12 consensus at a l l . As an i n i t i a l matter, i t i s c r i t i c a l 

13 tounderstand that the temperature predictions referred 

14 to by Oavis, Ciborowski and Bernow are not based on 

15 s c i e n t i f i c observation. Instead, they are based onthe 

16 r e s u l t s of computer models D often referred to as 

17 Ceneral C i r c u l a t i o n Models or CCMs D that are highly 

18 unreliable both i n t h e i r f a i l u r e to c o r r e c t l y predict 

19 past climate change, and i n the numerous i d e n t i f i e d 

20 errors i n the i n t e r n a l operation of these models. 

21 Typically, thesemodels attempt to simulate the earth^s 

22 climate with atmospheric concentrations of greenhouse 

23 gases set at p r e - i n d u s t r i a l and then again at twicepreD 

24 i n d u s t r i a l l e v e l s . The r e s u l t s of these simulations, 

25 unfortunately, are sometimes reported as i f they are 

26 s c i e n t i f i c f a c t . For instance, Oavis^ testimony onpage 



1 6 states that ^the Intergovernmental Panel on Climate 

^ Change (IPCC) projected In I t s 1990 and 1992 reports 

3 that a doubling of C02Deguivalents w i l l increase the 

4 global-mean surfaoe-temperature by 1.5^ C to 4.5^ C 

5 (2.7^ P to 8.1^ P ) ^ What he r e a l l y means to say i s 

6 that the models used by the IPCC made t h i s p r e d i c t i o n . 

7 Note that i n the IPCC Policymakers Summary attached to 

a Mr. Ciborowski^s testimony, on page 1, the predictions 

9 of future temperature increases are introducedwith the 

10 following language: DBased on current models, we 

11 predict...^ The fact that the temperature increase 

12 predictions derive from models i s s t a t e d c l e a r l y onpage 

13 2 of the r e p o r t a t tachedtoMr. Ciborowski^s testimony, 

14 although he f a i l s t o r e f e r to the models whenreferring 

15 to predicted temperature increases on page 2 of h i s 

16 testimony. 

17 

18 The problem with the model r e s u l t s i s that there 

19 are grave problems with the model inputs that make the 

20 model outputs of doubtful s c i e n t i f i c u t i l i t y . Many of 

21 theseproblems are c i t e d i n the underlyinglPCC reports, 

22 although unfortunately (see my discussion below) these 

23 problems are not discussed i n the Policymakers Summary 

24 o n w h i c h a t least Mr. Ciborowski evidently r e l i e s . We 

25 simply do not have a good enough understanding of the 

26 dynamicsof the earth^s c l i m a t e t o d e v e l o p a m o d e l that 



1 accurately simulates the dynamics cf s u c h c l i m a t e c r the 

2 eff e c t cn that climate cf increasing atmospheric CĈ D 

3 My testimony w i l l demonstrate some of the fundamental 

4 flaws of these models. 

5 

6 In addition, 1 w i l l show that the predictionsmade 

7 hy these models are inaccurate whencomparedwithactual 

8 c l i m a t o l o g i c a l d a t a ^ the testimony of Ors. Michaels and 

9 B a l l i n g w i l l provide more d e t a i l on t h i s point. 

10 f i n a l l y , 1 w i l l show that the s c i e n t i f i c community i s 

11 well aware of the problems with the models and t h e i r 

12 predictions andthat there i s c e r t a i n l y noconsensus i n 

1^ the s c i e n t i f i c community that there i s a demonstrated 

14 hasis for glohal warming theory. 

15 

16 ^.3. As an i n i t i a l matter, i s CÔ  i n the atmosphere 

17 increasing^ 

IB A. CÔ  i s increasing and i s l i k e l y to continue to increase 

19 as long as emissions don^t decrease. The f r a c t i o n 

20 remaining i n the atmosphere i s , however, l i k e l y to 

21 diminish as the r a t e o f increaseof emissions decreases. 

22 

23 Models currently used ( h y t h e l P C C f o r example) for 

24 evaluating the atmospheric concentration of CÔ  

25 r e s u l t i n g from emissions scenarios, when used to 

26 calculate concentrations of CÔ  based on past emissions 



1 records, have s u b s t a n t i a l l y overestimated c u r r e n t 

2 concentrations. There are two p o i n t s a t Issue. The 

3 f i r s t I s tha t the IPCC In 1990 used a model w i t h very 

4 long chemical time s c a l e s f o r CÔ  (about 200 years) 

5 whereas the evidence i n c r e a s i n g l y supports a s h o r t e r 

6 time s c a l e (about 45years) (Heimann, 1991, IPCC, 1994). 

7 A chemical time s c a l e i s the c h a r a c t e r i s t i c time f o r 

8 chemical sources and s i n k s t o come i n t o balance. 

9 

10 The second i s t h a t the exp o n e n t i a l time s c a l e t h a t 

11 c h a r a c t e r i z e d i n c r e a s e s i n emissions from 1800 u n t i l 

12 1973 was a l s o a b o u t 45 years, but s i n c e 1973 t h i s s c a l e 

13 has increased t o about 150 years ( i . e . , i n c r e a s e s i n 

14 emissions have slowed down immensely) (Trends, 1993). 

15 This i m p l i e s much slower i n c r e a s e s i n atmospheric CÔ  

16 than have been used by the IPCC. Observations of 

17 atmospheric CÔ  may r e f l e c t t h i s , s i n c e the r a t e of 

18 increase of ̂ tmosphericCO^has d i m i n i s h e d s h a r p l y s i n c e 

19 1991. 

20 

21 Data over the next decade w i l l be able t o t e l l us 

22 whether t h i s t r e n d i s r e a l . I f i t i s , i t w i l l 

23 c o n s t i t u t e strong support f o r the s h o r t e r chemical 

24 r e l a x a t i o n time s c a l e s , meaning t h a t i n c r e a s e s i n 

25 atmospheric CÔ  w i l l be much l e s s than p r o j e c t e d by 



1 models, and t h i s greatly reduces the d i f f i c u l t y of 

2 s t a b i l i z i n g atmospheric CÔ  i n a r e l a t i v e l y short time. 

3 

4 ^.4. What i s i t about CÔ  that causes us to be concerned 

5 about i t s increased 

6 A. OO^absorbs i n f r a r e d r a d i a t i o n ^ i . e . , CÔ  i s a greenhouse 

7 gas. Increasing CÔ  thus could t h e o r e t i c a l l y lead to 

a some warming. However, the amount of warming caused 

9 so l e l y by the fac t that CÔ  absorbs r a d i a t i o n i s 

10 r e l a t i v e l y i n s i g n i f i c a n t because CÔ  by i t s e l f i s not a 

11 ma^or greenhouse gas. By i t s e l f , CÔ  accounts f o r only 

12 a minor portion of the o v e r a l l greenhouse e f f e c t . 

13 Whether increasing CÔ  w i l l lead to any material warming 

14 depends on atmospheric feedbacks. Atmospheric feedbacks 

15 refer to the processes i n the atmosphere which act to 

16 increase or decrease the d i r e c t response to increasing 

17 CÔ . The former are referred to as p o s i t i v e feedbacks 

IB and the l a t t e r are referred to as negative feedbacks. 

19 

20 For instance, i n theabsenceof feedbacks (positive 

21 or negative) models predict that a doubling of 

22 atmospheric CÔ  w i l l r e s u l t i n e g u i l i ^ r i u ^ warming 

23 between 0.2 and 1.2^C. Eguilibrium warming r e f e r s to 

24 the response of the system given enough time f o r the 

25 system to s e t t l e down from the perturbation due to the 

26 doubling of CÔ . However, the higher of these values 

B 



1 involves an i m p l i c i t feedback from reductions i n 

2 stratospheric temperatures. Values of only about 

3 0 . 2 - 0 . c o r r e s p o n d to what might be expected from a 

4 doubling of CÔ  i f there were no feedbacks whatever 

5 (Lindzen, 1995b^ such small amounts of warming wculdbe 

6 undetectable. Theconseguences of suchwarming would be 

7 irrelevant to po l i c y . 

a 

9 Higher values always r e s u l t from model tendencies 

10 to amplify the simple e f f e c t of doubling 00^. These 

11 tendencies are referred to as positivefeedbacks, andas 

12 w i l l be noted l a t e r , they are l i k e l y to often be model 

13 a r t i f a c t s , that i s , creations of themodels that are not 

14 supported by known physical processes occurring i n 

15 nature. 

16 

17 ^.5. Is CÔ  the atmospheres main greenhouse gas^ 

18 A. Ho, water vapor and clouds are the ma^or greenhouse 

19 substances. I f one accepts the usual claim that the 

20 naturalgreenhouse warming amountsto33^C, removing a l l 

21 minor greenhouse substances (including CO^, while 

22 retaining water vapor, reduces t h i s only to about 30^C. 

23 

24 However, there are even problems with the claim 

25 that natural greenhouse warming amounts to 33^C. I t 

26 requires that one ignore the inf r a r e d properties of 



1 clouds while continuing to reguire that clouds r e f l e c t 

2 sunlight. I f one simply removed clouds and greenhouse 

3 gases, the earth would only he ahout 15^C cooler. 

4 

5 Crudely speaking, a doubling of CÔ  unaccompanied 

6 hy stratospheric cooling (see guestion 4) would change 

7 tropopause l e v e l fluxes (generally referred to as 

8 radiative forcing - the process whichproduces warming) 

9 hy ahout 1.5 Wm̂  (watts per sguaremeter). Allowing f o r 

10 stratospheric cooling (a p o s i t i v e feedback) increases 

11 t h i s to about 4 Wm̂ . By comparison, the f l u x changes by 

12 about 1 Wm̂  for every 1^ change i n r e l a t i v e humidity 

13 above a height of 3 km (Thompson and Warren, 1982). I t 

14 must be noted that our measurements of upper 

15 tropospheric water vapor are uncertain to more than 10^ 

16 ( E l l i o t and Caffen, 1991) which corresponds to an 

17 uncertainty i n r a d i a t i v e f o r c i n g of about 10 Wm̂ . Such 

18 uncertainty i s f a r greater than the change i n r a d i a t i v e 

19 forcing that i s due to e i t h e r past increases i n CÔ  or 

20 even to a quintupling of CÔ . Civen that our 

21 uncertainty with respect to upper tropospheric water 

22 vapor i s so large r e l a t i v e to the greenhouse e f f e c t of 

23 C02, we are not even i n a p o s i t i o n to say that increases 

24 i n atmospheric C02 are causing any enhanced greenhouse 

25 effect at a l l . 

26 

10 



1 ^.6. Are model predictions of pronounced warming simply the 

2 r e s u l t of CO^s contribution to the greenhouse effects 

3 A. No. As noted, model predictions of egulllhrlum warming 

4 from a doubling of CÔ  In excess of about 0.3^0 reguire 

5 that the climate system amplify perturbations (IDe., 

6 have positive feedbacks). There are two such ma^or 

7 feedbacks, ^nd the models are currently unable to 

8 simulate either one. 

9 

10 The main feedback In current models Is v i r t u a l l y 

11 never mentioned. I t arises from the f a c t that In 

12 current models, temperature In the troposphere tends to 

^3 be v e r t i c a l l y r i g i d (I.e., temperature changes tend to 

1^ occur uniformly with height below the tropopause^ the 

Ŝ tropopause l e v e l v a r l e s f r o m B km I n t h e a r c t i c t o l ^ k m 

1^ at theeguator), while temperaturesabove the tropopause 

17 are free to change Independently of temperatures below. 

IB Increased C0^ leads to cooling above the tropopause 

19 which requires warming below the tropopause Lindzen, 

20 1995b, IPCC, 1990). P h y s i c a l l y , the response could 

21 consist simply In a s l i g h t warming ^ust below the 

22 tropopause^ however, the model r i g i d i t y f o r c e s a s u r f a c e 

23 response as we l l . This degree of r i g i d i t y Is not 

24 consistent with observations which show that 

25 temperatures at d i f f e r e n t l e v e l s c a n vary independently 

26 (Lee and Mak, 1994). Thus, the models are causing a 

11 



1 surface response - an increase of surface temperature 

2 because of increasing atmospheric CÔ  - at i e a s t i n part 

3 as a r e s u l t of processes that do not e x i s t i n nature. 

4 Such discrepancies are c h a r a c t e r i s t i c of computational 

5 problems i n the models. 

6 

7 The other ma^or feedback ( i n current models) arises 

8 from water vapor above 2-3 km ^Shine and Sinha, 1991), 

9 which 1 w i l l discuss below. Remaining feedbacks i n 

10 current models are smaller by a factor of two or more. 

11 These feedbacks i n c l u d e t h o s e d u e t o clouds and snow^ice 

12 r e f l e c t i v i t y . Although these appear as p o s i t i v e 

13 feedbacks i n most current models, they are also highly 

14 uncertain i n nature even with respect to sign, that i s 

15 whether they are p o s i t i v e or negative. 

16 

17 ^D7. Is the water vapor feedback soundly established^ 

18 A. No. Current climate CCMs are incapable of dealing with 

19 upper l e v e l water vapor f o r both computational reasons 

20 (they have i n s u f f i c i e n t v e r t i c a l r e s o l u t i o n f o r tracking 

21 water vapor which varies i n d e n s i t y by a factor of about 

22 1000 between the ground and 10 km i n a l t i t u d e ) and 

23 because they lack the relevant physics. A l l current 

24 predictions of eguilibrium s e n s i t i v i t y to doubled CÔ  i n 

25 excessof l^Care model a r t i f a c t s insofar as they depend 

26 on the water vapor feedback. The models lack the 

12 



1 fundamental process supplying water vapor t o the upper 

2 troposphere D namely detralnment of Ice hy deep clouds 

3 and the subsequent r e e v a p c r a t l o n of f a l l i n g 

4 p r e c i p i t a t i o n (Sun and Lindzen, 1993). 

5 

6 This may seem t e c h n i c a l , hut the c u r r e n t s i t u a t i o n 

7 Is equivalent t o s o l v i n g an equation t h a t i s m i s s i n g 

a c r u c i a l terms. The equation can s t i l l he s o l v e d , hut 

9 the s o l u t i o n i s meaningless. 

10 

11 There a r e s c i e n t i s t s w h o h a v e argued t h a t t h e y have 

12 no reason t o question model behavior r e g a r d l e s s of the 

13 above problems. However, t h e r e i s simply no question 

14 t h a t t h e d o m i n a n t p h y s i c a l p r o c e s s e s a r e a b s e n t f r o m t h e 

15 models. Models h a v e b e e n s h ownto s e v e r e l y misrepresent 

16 present water vapor and i t s v a r i a t i o n s t o an extent much 

17 greater than the u n c e r t a i n t y i n the measurements of 

18 w a t e r i t s e l f (Schmetz and van de Berg, 1994, Chou, 1994, 

19 Sun and Oort, 1994). As noted i n q u e s t i o n 5, the 

20 u n c e r t a i n t y i n observations of water vapor imply an 

21 u n c e r t a i n t y of about 10Wm̂  ingreenhousewarming^ model 

22 e r r o r s i n water vapor increase t h i s u n c e r t a i n t y by about 

23 a f a c t o r of two. By way of comparison, the expected 

24 greenhouse f o r c i n g f r o m a d o u b l i n g o f CÔ  i s between 1.5 

25 and 4 Wm̂ . 

26 
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1 Thereisnoreasonwhatever, tosupposethat models 

2 w l l l m a g l o a l l y do better f o r longDtermpredlotlons than 

3 they do In predicting current observations. Recent 

4 analyses of models and data at the geophysical F l u i d 

5 Dynamics Laboratory at Princeton University c l e a r l y 

6 demonstrate that water vapor Inmodels has a much higher 

7 v e r t l c a l c o r r e l a t l o n (0.85) than Is observed I n t h e d a t a 

8 (0.15) (Sun and Held, 1995). ^ h i s s t r o n ^ l ^ i ^ p l i e ^ the 

9 presence o^ spurious v e r t i c a l d i f f u s i o n i ^ the models 

10 ^hich i s so strong as to dominate t h e i r hehavi^r and 

11 invalidate t h e i r predictions f o r climate s e n s i t i v i t y . 

12 The whole issue of uncertainty and error i n measuring 

13 and modelling w^ter vapor was discussed i n a recent 

14 meeting of the w o r l d s s p e c i a l i s t s i n t h i s area. The 

15 re s u l t s are summarized i n E l l i o t and Caffen (1995). 

16 

17 In sum, even though atmospheric feedbacks account 

IB for most of the warming predicted by the models, those 

19 feedbacks cannot be accurately simulatedby themodels. 

20 

21 ^.8. Is i t p o s s i b l e o r probable that the feedbacks i n n a t u r e 

22 are negative rather than positives 

23 A. I t i s most c e r t a i n l y possible. Indeed, almost a l l 

24 natural surviving systems are characterized by strong 

25 negative feedbacks which act to s t a b i l i z e the system 

26 against perturbations. i n the case of the earth^s 

14 



1 climate system, there i s ample evidence f o r the 

2 existence cf s t a h i l i z i n g feedbacks. Mcst nctahly, the 

3 penally averaged equatorial temperature seems to have 

4 stayed close to i t s present value ever many m i l l i o n s of 

5 years despitema^or changes i n CÔ  l e v e l s and changes i n 

6 solar output (Barron, 19B7, 1976). This 

7 s t a b i l i t y seems to have extended over both i c e ages and 

a equable ( i . e . , warm) climates. This implies that there 

9 exists a very strong negative feedback operating i n t h e 

10 trop i c s , and that ma^or changes of climate i n the past 

11 involved important changes i n the geographical 

12 d i s t r i b u t i o n of heating. Such changes appear to have 

13 beenprovidedby a v a r i e t y o f factors includingchanging 

14 snow cover, changing o r b i t a l configurations, and 

15 changing d i s t r i b u t i o n s of land and sea (Imbrie and 

16 Imbrie, 1980). Simply increasing CÔ  does not provide 

17 suchachangeingeographic d i s t r i b u t i o n , and, giventhe 

IB t r o p i c a l s t a b i l i t y , changing CÔ  i s u n l i k e l y toproduce 

19 ma^or climate changes. 

20 

21 I t should be noted, i n t h i s regard, that current 

22 CCMs predict large changes i n equatorial temperaturesin 

23 contradiction to data. Moreover, current CCMs which 

24 have attempted to simulate past climate change by 

25 a l t e r i n g CÔ  l e v e l s i n the models, have f a i l e d to 

26 simulate the ma^or feature of past climate change: 

15 



1 namely the changed e g u a t c r - t c - p c l e temperature 

2 d i f f e r e n c e (Barren and Washington, The o v e r a l l 

3 i m p l i c a t i c n c f t h i s i s t h a t the c l i m a t e system, l i k e 

4 ether n a t u r a l systems, does indeed have negative 

5 feedbacks, hut t h a t COMs have thus f a r f a i l e d t o 

6 r e p l i c a t e them. 

7 

B ^.9. Ooes theahoveexhaust the l i s t c f severe modeldefects7 

9 A. By nc means. I t has leng heen ncted (Lindzen, 1990) 

10 t h a t e r r o r s i n mcdeldynamic t r a n s p o r t s ( t h a t i s t o s a y , 

11 the heat c a r r i e d hy atmospheric motions from low 

12 e g u a t o r i a l l a t i t u d e s t o h i g h l a t i t u d e s ) make i t 

1^ impossible f o r models t o c a l c u l a t e the present 

1^ temperature of the ear t h without a r b i t r a r y adjustments 

15 i n s o l a r constant and^or t e r r e s t r i a l r e f l e c t i v i t y . 

16 These e r r o r s are roughly e q u i v a l e n t t o changes i n 

17 r a d i a t i v e f o r c i n g o f about 25 Wm̂  ^ C l e c k l e r e t a l , 1994) 

IB compared t o the 1.5-4 Wm̂  expected from a d o u b l i n g of 

19 CÔ . The r e s u l t i n g adjustments are o b v i o u s l y 

20 i n c o n s i s t e n t w i th the n a t u r a l world, but without them 

21 the models p r e d i c t p a t e n t l y absurd r e s u l t s . 

22 

23 Moreover, coupled models of t h e a t m o s p h e r e a n d t h e 

24 oceans d i s p l a y t o t a l l y s purious c l i m a t i c d r i f t ( t h a t i s 

25 t o say, the temperatures i n models continue changing 

26 r e g a r d l e s s of c l i m a t i c f o r c i n g ) which needs t o be 

16 



1 ^corrected^ by adjusting tbe beat fluxes between tbe 

2 oceanand t b e a l r . Unfortunately, tbere I s n o p b y s l o a l 

3 basis for tbe r e s u l t i n g adjustment D except tbat again 

4 without I t tbemodelpredlotlons a r e p a t e n t l y absurd. 

5 

6 As noted by Nakamura et a l (1994) and reported In 

7 Science (Kerr, 1994), these and other model ^fudges^ 

a cannot be used without Introducing further problems. 

9 Moreover, the ̂ fudges^ ^ r e g u l t e s u b s t a n t l a l , amounting 

10 to as much as 100 Wm̂ : they are much larger than the 

11 1.5-4 Wm̂  expected from a doubling of OÔ l Large 

12 numerical models allow f o r huge numbers of 

13 ^d^ustments^, and the above hardly exhaust those which 

14 a r b i t r a r i l y misrepresent ma^orknownprocesses. There, 

15 of course, undoubtedly remain problems that we are not 

16 aware of. However, those that have been d e f i n i t e l y 

17 i d e n t i f i e d are more than large enough to make 

18 p r e d i c t i o n s o f the ef f e c t of such small perturbations as 

19 thosethat would a r i s e f r o m a d o u b l i n g or quadrupling of 

20 00^ t o t a l l y unreliable. 

21 

22 ^DIO. What i s needed for models to c o r r e c t l y predict the 

23 magnitude of greenhouse warmings To what extent are 

24 these requirements met i n current models^ 

25 A. Stated broadly, models must include a l l the relevant 

26 physics at a high l e v e l of accuracy, and furthermore 

17 



1 introduce s u f f i c i e n t l y l i t t l e ccmputaticnal inaccuracy 

2 so as net to ccmprcmise the physics. These are, cf 

3 course, d i f f i c u l t , i f net impcssihle, requirements. 

4 

5 In terms cf cur present knowledge, we know that 

6 t h i s means that wemust include at least the physics of 

7 clouds and water vapor, the dynamics and thermodynamics 

8 of the ocean, and the a b i l i t y to accurately track a 

9 quantity, p o t e n t i a l v o r t i c i t y , which provides the 

10 restoring force (iDe., the basic springiness) f o r the 

11 wavesandeddiesthatprovidethe regional v a r i a t i o n s i n 

12 climate and the transport of heat i n the atmosphere 

13 (Lindzen, 1990, 1993, Lindzen and Hou, 1988, Hou and 

14 Lindzen, 1992, Hou, 1993, Chang, 1995). Moreover, water 

15 vapor and potential v o r t i c i t y vary greatly over very 

16 short v e r t i c a l scales, and require v e r t i c a l r e s o l u t i o n 

17 on the order of 500 m for t h e i r proper mathematical 

18 depiction. The interface between t r o p i c a l and 

19 ex t r a t r o p i c a l c i r c u l a t i o n systems also occupies a very 

20 narrow region, and the t r o p i c a l c i r c u l a t i o n i t s e l f 

21 depends markedly on small h o r i z o n t a l displacements of 

22 thermal features. This implies theneed f o r h o r i z o n t a l 

23 resolutions on the order of a degree of l a t i t u d e or 

24 less. Current models f a l l f a r short of the needed 

25 resolution. 

26 
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1 Current models, moreover, are lacking the haslo 

2 physios of the water vapor hudget and of clouds. 

3 Indeed, aspects of the physics are s t i l l not known. 

4 Inevltahly, there are elements of the physics whlchmay 

5 prove Important that are currently unknown, hut we are 

6 s t l l l a t thestage wherewehave Inadeguately dealt with 

7 what Is known. 

8 

9 In sum, the models used to support predictions of 

10 glohalwarmlngfrom Increased l e v e l s of greenhousegases 

11 suffer serious flaws. U n t i l these flaws can he 

12 c o r r e c t e d - u n t l l wehaveamuchhetter understandlngof 

13 glohal c l i m a t o l o g i c a l systems - the model predictions 

14 remain highly unreliable. 

15 

16 ^DllD Are model descriptions of what has happened over 

17 the past century supported hy observations^ 

18 A. No. The testimony of Urs. B a l l i n g and Michaels explore 

19 the answer to t h i s guestion In more depth. 1 wish to 

20 note here that I t Is stated by the IPCC Policymakers 

21 Summary (IPCC 1992) attached to Mr. Clborowskl^s 

22 testlmonythattheobservedrecord Is broadly consistent 

23 with predictions of eguilibrium response to a doubling 

24 of CÔ  of from 1.5 to 4^C. Atmospheric CÔ  equivalent 

25 gases are now at a l e v e l that Is almost 50^ higher than 

26 preDlndustrlal l e v e l s , meaning that as of today we are 
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1 almost halfway to the douhllng of CÔ  equivalent qases 

2 used In model predictions. 

3 

4 Clven that we are almost halfway to a douhllnq of 

5 OO^equlvalent gases, one wouldexpect that we shouldhe 

6 halfway to the 1.5 to 4^ 0 temperature Increase 

7 predicted hy the models. The ocean delay of the 

8 response toperturhedgreenhouse for c i n g (the f a c t that 

9 I t takes a great deal of heat to change the oceanic 

10 temperature Introduces a delay I n t h e onset of warming) 

11 might reduce t h i s to ahout l^C. But c l e a r l y , we are not 

12 even at t h i s l e v e l of warming. The record f o r glohal 

13 mean temperature shows a warming of 0.45^^0.15^C only 

1^ since 1890, andas shown In Or. B a l l l n g ^ s testimony most 

15 of t h i s warming took place before thema^or hulld-up of 

16 atmospheric CÔ  began a f t e r 1940. Since 1940, the 

17 amount of warming Is r e l a t i v e l y Insubstantial. Thus, 

IB there Is no meaningful consistency between the 

19 temperature records and model predictions. 

20 

21 The claim of abroad consistency^ depends on very 

22 long ocean delays of climate change (ca 160 years to 

23 reach 2^3 of eguilibrium value), together with the 

24 unknown e f f e c t s o f natural v a r i a b i l i t y . I n o t h e r words, 

25 I t Is sometimes argued that due to the ocean and other 

26 factors, there Is a long delay between the build-up of 
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1 00^ i n the atmosphere and actual temperature increases. 

2 Per such long delays, however, i t i s equally true to say 

3 that the observed record i s ^consistent^ with 

4 p r e d i c t i o n s o f equilibrium response to adoublinq of CÔ  

5 of from less than ^ero to The point i s that the 

6 claim cf abroad consistency^ i s simply ^ claim that 

7 larqe natural v a r i a b i l i t y miqht have accounted f o r the 

8 difference between observations and predictions^ 

9 v a r i a b i l i t y of themaqnitudeused by the IPOOallows for 

10 ^hroadconsistency^ w i t h a w i d e v a r i e t y of predictions. 

11 

12 However, to the extent there i s not a lonq delay 

13 between increased CÔ  ^nd temperature increases, the 

14 model predictions are p l a i n l y inconsistent with the 

15 observed record. I t i s important to note that ocean 

16 delay i s not only due to the oceans, but also to t h e i r 

17 coupling to the atmosphere. The l a t t e r i s inversely 

IB proportional to the p o s i t i v e feedback i n the climate 

19 system ^iDe., larqe feedbacks are associated with lonq 

20 delays, while small or negative feedbacks areassociated 

21 with short delays, Hansen et a l , 1983). Evidence from 

22 c l i m a t i c responses to volcanos suggests very short 

23 delays (Lindzen, 1995a). I f these delays are indeed 

24 short, thenmodel r e s u l t s are s i g n i f i c a n t l y i n c o m p a t i h l e 

25 with observations. In f a c t , nothing i n the 
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1 observational record thus f a r can be distinguiebed from 

2 natural v a r i a b i l i t y (IPCC, 1990). 

3 

4 ^D12. Is I t p o s s l b l e t b a t t b e p r e d l c t e d g r e e n b o u s e warming was 

5 canceled or delayed by tbe cooling e f f e c t of su l f a t e 

6 aerosolsstemmlngfrcmantbropogenlcemlsslonsof s u l f u r 

7 oxldes7 

a A. Unlikely, as sbown Inmore deptb by tbe testimony of Or. 

9 Mlcbaels. i t was argued by Cbarlson et a l (1992) tbat 

10 sulfate aerosols r e s u l t i n g from I n d u s t r i a l a c t i v i t y 

11 would act to r e f l e c t sunllgbt, and tbus produce some 

12 measure of cooling. Tbe claimed uncertainty was stated 

13 to be about a factor of ten. Subject to t b l s great 

14 uncertainty, I t was estimated tbat s u l f a t e aerosols 

15 c o u l d o f f s e t about balf of tbewarmlngdue to Increasing 

16 minor greenhouse gases tbus f a r . However, tbe l i f e t i m e 

17 for aerosols employed was about double wbat Is commonly 

18 expected from acid r a i n studies S e i n f e l d , 1986). Using 

19 tbe longer l i f e t i m e s leads to su l f a t e values over tbe 

20 North A t l a n t i c comparable to what Is found In the Ohio 

21 basin. Moreover, according to K l e h l and Hrlegleb 

22 (1993), the scattering c a l c u l a t i o n s of Charlson et a l 

23 (1992) exaggerate r e f l e c t i v i t y by a factor of about 3D 

24 The effect Is thus reduced to less than 10^ of the 

25 expected present e f f e c t of minor greenhouse gases. I t 

26 Is of course marginally possible tbat the newer 
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1 calculations are also In error, but I t seems u n l i k e l y 

2 tbat tbe effect w l l l a c t u a l l y be s i g n i f i c a n t . I t maybe 

3 argued tbat sulfate aerosols mlgbt nonetheless be 

4 Important regionally. However, t b l s Is not tbe Issue. 

5 Moreover, regional temperatures are not p r i m a r i l y 

6 determined by l o c a l r a d i a t i v e budgets. 

7 

8 ^ 1 3 . Arepredlctlons tbat tbe eartb w i l l warmabout 2.5^0 by 

9 2100 simply a conseguence of a doubling of CO^ 

10 A. Ho. Predictions of 2.5^0 warming by 2100 reguire 

11 doubling of e f f e c t i v e 00^ by 2030, and quadrupling by 

12 2100. Olven tbe long ocean delay In current models, a 

13 simple doubling of CÔ  l e v e l s would produce model 

14 warming of less tban about 1.5^ by 2100 D even wltb 

15 large and dubious model feedbacks (Lindzen, 1993). 

16 

17 ^.14. Oorecords of CÔ  and temperature from t b e p a s t 130,000 

l a years support tbe theory tbat Increasing CÔ  w i l l cause 

19 substantial warmings 

20 A. Ho. A freguently reproduced set of curves derived from 

21 the Vostock Ice core (Barnola et a l , 1987) do show that 

22 CÔ  levels during the g l a c i a l period from about 100,000 

23 years a g o u n t l l a b o u t I2,000 yearsagowascharacterlzed 

24 by lower values of CÔ  (about 200 ppm) than were 

25 c h a r a c t e r i s t i c of the warmer periods before and a f t e r 

26 the g l a c i a l period. I t Is worth noting tbat t h i s Is 
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1 about tbe same percentage d i f f e r e n c e from ^ncrmai^ 

2 p r e i n d u s t r i a i values as are present v a l u e s . Moreover, 

3 wbenotber minor greenbouse gases are considered, we may 

4 very w e l l be f u r t b e r from p r e l n d u s t r l a l v a l u e s tban was 

5 tbe Ice age c l i m a t e . 

6 

7 On tbe face of I t , t b l s would seem t o suggest t b a t 

a tbe cbanges In Ice age CÔ  were only a minor f a c t o r In 

9 a ma^or clima t e cbange. Tbe Vostock data supports t b l s 

10 I n t e r p r e t a t i o n . Tbe data sbows t b a t tbe onset of tbe 

11 l a s t g l a c i a l episode preceded tbe decrease i n CÔ  by 

12 thousands of years. Tbat i s t o say, tbe cbange i n CÔ  

13 could not bave been tbe cause of c l i m a t e cbange. 

14 

15 Moreover, on time s c a l e s s h o r t e r than 100,000 

16 years, the c o r r e l a t i o n between c l i m a t e cbanges and CÔ  

17 i s , i n f a c t , r a t h e r poor. Recent data, moreover, bave 

18 shown the existence of c o o l p e r i o d s i n t h e past without 

19 accompanyingchanges inCO^ (Hodell a n d K e n n e t t , 1986). 

20 

21 ^.15. Why do we regard changes of 2-4^C i n g l o b a l mean 

22 temperature t o be important^ 

23 A. On the face of i t , such cbanges are r e l a t i v e l y s m a l l 

24 compared t o temperature changes each of us d e a l s w i t h 

25 due t o v a r i a t i o n s i n weather, d a i l y v a r i a t i o n s , and 

26 changing seasons. Thus, i t might appear t h a t we could 
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1 d e a l w i t h t h e m r a t h e r e a s i l y . I t i s , however, suggested 

2 t h a t small changes i n g l c h a l mean temperatures are 

3 a u t o m a t i c a l l y a s s o c i a t e d w i t h l a r g e r r e g i o n a l changes. 

4 No such c o r r e l a t i o n i s found i n the r e c o r d of the past 

5 century^ t h i s i s d e a l t w i t h i n d e t a i l i n g u e s t i o n ^ O . I t 

6 i s a l s c argued t h a t these s m a l l changes i n g l o h a l means 

7 are h i s t o r i c a l l y ma^or, s i n c e changes between i c e ages 

8 and the present only i n v o l v e d changes i n g l o h a l mean 

9 temperature of ahout 5^0. 

10 

11 Such analogies assume t h a t the ma^or changes i n 

12 c l i m a t e were conseguences of changes i n the mean 

13 temperature. However, the opposite i s l i k e l y t o he 

14 t r u e . Ma^or c l i m a t e c h a n g e s o f t h e p a s t w e r e a s s o c i a t e d 

15 w i t h almost no changes i n e q u a t o r i a l ocean s u r f a c e 

16 temperatures, hut w i t h ma^or changes i n the 

17 eguator-to-pole temperature d i f f e r e n c e ( H o f f e r t and 

18 Covey, 1992). The changes i n g l o h a l mean temperature 

19 were the small r e s i d u a l s of these ma^or f a c t o r s r a t h e r 

20 than the cause. 

21 

22 Changes i n the eguator-toDpole temperature 

23 d i f f e r e n c e c a l l f o r changes i n the geographic 

24 d i s t r i b u t i o n of heating r a t h e r tban cbanges i n tbe net 

25 amount. (This i s tantamount t o s t a t i n g tbe f a c t t h a t 

26 f l u i d flowdepends on g r a d i e n t s i n p r e s s u r e r a t h e r tban 
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1 the mean pressure.) Moreover, the constancy cf 

2 equatorial temperatures severely r e s t r i c t s the a h l l l t y 

3 of gross chanqeslnqlohal r a d i a t i o n (as are produced hy 

4 Increasing CÔ ) to ^ I t e r even mean temperatures. I t 

5 must he added that current CCMs f ^ l l to r e p l i c a t e the 

6 near constancy cf eguatorial temperatures (MacCracken 

7 and Luther, 1991). This Is part of the whole Issue of 

B model I n a b i l i t y to de^l with the regional aspects of 

9 climate. F i n a l l y , I t Is sometimes argued that modest 

10 warming w i l l lead to ma^or changes In sea l e v e l and 

11 d e s e r t i f i c a t i o n . We address these mattersinsuhseguent 

12 guestions. 

13 

14 ^16. Is there any hasis for supposing a warmer world w i l l 

15 have increased d e s e r t i f i c a t i o n and droughts, as 

1^ suggested i n the testimony of Oavis, p. 7^ 

i ^ A. This i s sometimes asserted as a conseguence of warming. 

iB The idea i s that increased warmth leads to greater 

i ^ evaporation of surface moisture. However, increased 

^ evaporation, i n turn, must he balanced by increased 

21 p r e c i p i t a t i o n . Indeed, s i n c e ^ O ^ o f t h e e a r t h ^ s s u r f a c e 

^2 i s covered by water, i t i s i n e v i t a b l e tbat a warmer 

23 climate w i l l have m o r e t o t a l g l o b a l p r e c i p i t a t i o n (1FCC, 

^ 1990). However, none of t h i s t e l l s us whether any 

25 p a r t i c u l a r regionmight become d e s e r t i f i e d . Oata from 

26 past climates i s f a i r l y unambiguous on t h i s matters 

26 



1 During the l a s t ma^or ice age, A f r i c a was aimcst t c t a i i y 

2 d e s e r t i f i e d , whiie during the mid-hciccene warm pericd 

3 cf ahcut 6000 years age, desertsaimcstdisappearedfrcm 

4 A f r i c a (Nichciscn, i989). Similar r e s u l t s are fcund f c r 

5 the rest cf the glche with the exception cf a small 

6 p c r t i c n cf the ncrthwest cf Scuth America where there 

7 appear t c have heen d r i e r cenditiens during the 

8 mid-hclccene warm pericd. On the whole, however, the 

9 data suggests that warmer climate i s associated with 

10 reduced rather than increased d e s e r t i f i c a t i o n . 

11 

12 ^D17. Is there any hasis for supposing that warming w i l l he 

13 associated with r i s i n g seaDlevel, as suggested i n the 

14 testimony of Mr. Cihorowski, Report, p. 3, Or. Dernow, 

15 Report, p. 16, and Mr. Davis, pp. 6-77 

16 A. There i s no hasis to claim that there w i l l he any 

17 s i g n i f i c a n t sea-level r i s e , and the notion that there 

18 w i l l he a ^collapse of ma^or polar i c e sheets^ 

19 (Cihorowski, report, p. 3), i s preposterous. In f a c t , 

20 i f there i s substantial warming the r e s u l t may a c t u a l l y 

21 he a reduction i n sea l e v e l s . 

22 

23 Before continuing with t h i s t o p i c , i t i s e s s e n t i a l 

24 to recognize that the claims of ma^or sea l e v e l r i s e 

25 that accompanied catastrophic predictions 5 years ago 

26 and which seem to he included i n Dr. Dernow^s and MrD 
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1 Ciborowski^s testimony have heen rejected hy a i i sides. 

2 Assuming ma^or warming (a poor assumption), IPCC 

3 estimates are now on the order of a foot or iess over 

4 the next oentury, with open recognition that the r e a i 

5 effect couid even he sea i e v e i reduction due to t h i s 

6 factor. I t i s important to stress ^ t h i s factors, 

7 hecause climate change i s not the ma^or source of sea 

8 l e v e l change during the past century^ nor i s i t 

9 anticipated to he thema^or cause over the next century. 

10 I t must he noted that sea l e v e l change at any point i s 

11 dependent on the r e l a t i v e l e v e l s of land and sea, and 

12 the ma^or factor i n such changes i s currently the 

13 tectonic motions of the land (Emery and Auhry, 1991). 

14 Land usage i s also an issue: the construction of 

15 Laguardia Airport i n N e w y o r k e f f e c t e d a l o c a l sea l e v e l 

16 r i s e of over a foot. 

17 

18 Returning to the e f f e c t of warming, the IPCC guess 

19 of a foot or less of sea l e v e l r i s e hased on ma^or 

20 warming i s h a s e d o n the theory thatwarming w i l l l e a d t o 

21 thermal expansion of the oceans. The advance or retr e a t 

22 of sea ice has no e f f e c t on sea l e v e l . Under a l l 

23 scenarios for the next century, the ma^or i c e sheets 

24 (Antarctica and Greenland) w i l l remain helow freezing 

25 and i n t h i s respect Or. Bernow^s (report, p. 16) and Mr. 

26 Cihorowski^s (report, p. 3) speculation on the melting 
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1 of polar ioe i s inoorreot. Under suob oiroumstanoes, 

2 increased warming should a c t u a l l y lead to increased 

3 snowfall and accumulation on these sheets, and the 

4 sequestration of water i n these sheets should lead to a 

5 reduction of sea l e v e l . 

6 

7 ^.18. Is there any hasis for supposing that warming would he 

8 accompanied hy increased storminess and climate 

9 v a r i a b i l i t y , as set for t h i n Or. Bernow^s testimony 

10 (report, p. 16)7 

11 A. No. This suggestion appears tohave arisen from a note 

12 (Emanuel, 1987) wherein i t was argued that i f t r o p i c a l 

13 surface temperatures increased, while atmospheric 

14 temperatures remained unchanged, then hurricanes could 

15 reach a larger i n t e n s i t y . I t was subsequently noted 

16 that a l l predictions of warming due to increased CÔ  

17 would lead to greater warming i n t h e atmosphere than at 

18 the surface. 

19 

20 However, under these circumstances, there might 

21 actually be weaker hurricanes. A r e c e n t r e v i e w o f t h i s 

22 matter by the world^s leading experts i n the subject 

23 ( L i g h t h i l l et a l , 1994) concluded that there was no 

24 basis for expecting that warming would lead to 

25 s i g n i f i c a n t changes i n t r o p i c a l cyclones, pointing out 

26 that the e f f e c t s o f surface temperature would constitute 
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10 

1 small perturbations compared tomore Important factors. 

2 Nevertheless, t h i s s i m p l i s t i c and Incorrect suggestion 

3 hasheenexpandedlnpopular expositions t o a p r e d l c t l o n 

4 cf Increased stcrmlness and v a r i a b i l i t y everywhere, i n 

5 the extratroplcs, such a p r e d i c t i o n goes against the 

6 basic physics as I t Isknown to operate. V a r i a b i l i t y In 

7 the extratroplcs Is associated with the eguatorDtoDpole 

8 temperature difference. Cold s p e l l s are associated with 

9 the advectlon by p r e v a i l i n g winds cf polar a i r , while 

warm sp e l l s are associated with the advectlon of 

^ t r o p i c a l a i r . H i s t o r i c a l l y , warmer climates have been 

12 associated with reduced eguator-toDpole temperature 

^3 differences, and must, hence, lead to reduced 

1^ extratroplcal v a r i a b i l i t y . 

15 

16 ^.19. Can science rule out the p o s s i b i l i t y of Important 

17 conseguences from Increasing CO^ 

^ A. Science Is not capable of absolutely r u l i n g things out. 

^ However, I t I s c r u c l a l to d i s t i n g u i s h between Ignorance 

^ and uncertainty. When Ignorance Is at Issue, then one 

^ ^o longer In any p o s i t i o n to state whether any 

^ p r o p o s e d a c t l c n w l l l lead t o e x a c e r b a t l o n o r m i t i g a t i o n 

^ of any condition. This Is tbe s l t u a t l o n w l t b c l l m a t e . 

^ Although there Is a general agreement that s u b s t a n t i a l 

^ Increases In CÔ  w i l l lead to some warming, there Is no 

^6 evidence that t h i s warming w i l l be at a l e v e l tbat can 
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1 be discerned. Moreover, there i s no reason to suppose 

2 that smaii (or even iarge) i e v e i s of warming w i i i iead 

3 tomore severeweather or other negative conditions, and 

4 there i s substantial reason to suppose that i t w i l l be 

5 b e n e f i c i a l . This i s egually the case for increases i n 

6 00^ i t s e l f , because of CO^s r o l e as a f e r t i l i z e r . 

7 

8 ^.20. Areregional temperatures c l o s e l y related to global mean 

9 temperatures 

10 A. Over the past century, the instrumental record shows 

11 that interannual v a r i a t i o n s i n regional temperatures 

12 (such as those i n tbe United States or, more 

13 s p e c i f i c a l l y , Minnesota) are f a r larger than variations 

14 i n global meantemperature, because mucbof tbe regional 

15 v a r i a t i o n tends to cancelother regional v a r i a t i o n s when 

16 averaged over the globe. The c o r r e l a t i o n of regional 

17 v a r i a t i o n with global v a r i a t i o n i s , therefore, small 

18 over the past century (Crotch, 1988). Indeed, i t has 

19 been argued by Palmer (1993) that global cbanges are 

20 l i k e l y to be residuals of the n a t u r a l l y occurring 

21 regional variations. Similar arguments bave been 

22 presented i n g e s t i o n 15 concerning the ma^or changes i n 

23 climate of the past. 

24 
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1 ^D21. Does tbe s c i e n t i f i c community consider tbe issue of 

2 giobai warming to be e s s e n t i a l l y s e t t l e d ^ I f not, wbat 

3 i s i t doings 

4 A. No. Clearly, i f tbe issue were ^se t t l e d ^ tberewouldbe 

5 no ma^or research e f f o r t s . Indeed, extensive model 

8 intercomparisons sbow model v a r i a t i o n s tbat greatly 

7 exceed effects from doubling CÔ  even tbougb models 

8 d i f f e r more from nature tban tbey do from eacb otber 

9 (Doer et a l , 1992, Randall et a l , 1992, Cess et a l , 

10 1990). Efforts are currently under way to discover 

11 exactly wby models bave predicted wbat tbey did. 

12 Ef f o r t s are under way to measure tbe behavior of upper 

13 l e v e l water vapor and determine tbe physics relevant to 

14 i t . Ef f o r t s are underway to improve the computational 

15 accuracy of models, and to couple the atmosphere and 

16 oceans. Efforts are also under way to understand the 

17 ma^or climate cbanges of tbe past i n order to obtain 

18 some understanding of bow the climate system a c t u a l l y 

19 operates. There i s a g e n e r a l u n d e r s t a n d i n g that current 

20 models are inadequate to t h i s task, but tbe solu t i o n to 

21 the problem w i l l c a l l for ideas as w e l l as improved 

22 models and data. 
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1 ^.22. The testimony of Bernow, Davis and Ciborowski r e i y 

2 heaviiy on the work of the IPCC, and you have referred 

3 to the IPCC predictions i n your testimony. What i s the 

4 IPCC and who parti c i p a t e s i n i t 7 

5 A. The IPCC (Intergovernmental PaneionCiimate Change) was 

6 formed i n 1988 hy the Worid Meteorological Organization 

7 (anagency of theUnitedNations) and theUnitedNations 

8 Environmental Program i n order to forge a consensus on 

9 climate change. The p o l i t i c i z e d nature of the process 

10 has r e c e n t l y heen described i n Nature 

11 (DoebmerDChristiansen, 1994). Tbe IPCC assembles 

12 various interested parties to prepare reports on the 

13 current state of climate studies. Tbe part i c i p a n t s 

14 include representatives of environmental advocacy 

15 groups, some industry representatives, and government 

16 representatives. There are few u n i v e r s i t y s c i e n t i s t s 

17 who ac t i v e l y p a r t i c i p a t e . P a r t i c i p a t i o n involves 

IB attending a series of freguent meetings a l l over the 

19 earth. Such p a r t i c i p a t i o n i s bardly compatible with 

20 active s c i e n t i f i c research. I myself am an IPCC 

21 ^reviewer,^ meaning I review and o f f e r comments on the 

22 work of a committee of ̂ autbors^ on c e r t a i n sections of 

23 tbe report. 

24 

25 
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1 ^.23. Are the IPCC reports research documents^ 

2 A. No. They are committee reports of the current state of 

3 climate science. Strong pressures are exerted to 

4 produce ^consensus^ statements. However, the documents, 

5 themselves, reveai s u b s t a n t i a l uncertainty, with the 

6 i a t e r documents (IPCC 1992, 1994) i n d i c a t i n g f a r more 

7 uncertainty than the f i r s t document (IPCC 1990). The 

a documents are introduced hy Policymakers Summaries (as 

9 noted, i t i s the 1992 IPCCPolicymakers Summary which i s 

10 attached t o H r . Cihorowski^s testimony, rather than the 

11 underlying report i t s e l f ) severely misrepresent the 

12 reports themselves. The head of the IPCC, Bert B o l i n , 

13 p u b l i c l y admitted tbat the summaries were s i g n i f i c a n t l y 

14 influenced by advocacy groups l i k e Creenpeace (^ones, 

15 1993). The editor of the WCI report, ^ohn Houghton, 

16 reveals i n a recent book that be was motivated by a 

17 r e l i g i o u s need to oppose materialism (Houghton, 1994). 

18 Hot surprisingly, most claims concerning IPCC 

19 conclusions are based on tbe summaries rather than tbe 

20 texts. Even so, BoehmerDCbristiansen ^1994) r e f e r s to 

21 the summaries as ^ s k i l f u l exercises i n s c i e n t i f i c 

22 ambiguity^ using slanguage which simultaneously allowed 

23 Creenpeace t o c a l l for a target of reducing emissions by 

24 60 per cent, and tbe UK Treasury to conclude that no 

25 action was needed u n t i l more s c i e n t i f i c c e r t a i n t y was 

26 available - each c i t i n g tbe same source.^ 
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1 ^24. Are the IPCO reports subject to normal peer reviews 

2 A. No. Normalsolentlflo peer review consists i n a n e u t r a l 

3 editor obtaining the comments of s c i e n t i s t s , and 

4 requiring that the authors respond s a t i s f a c t o r i l y to 

5 c r i t i c i s m s . The IPCC procedure consists simply i n the 

6 authors asking other s c i e n t i s t s to read t h e i r 

7 statements, and the authors deciding u n i l a t e r a l l y as to 

8 whether to pay any attention to c r i t i c i s m while 

9 providing no response to reviewers. 

10 

11 ^.25. Are the IPCC reports considered to he authoritative 

12 within the s c i e n t i f i c community^ 

13 A. No. Professional s c i e n t i f i c discoursegenerally refers 

14 to the reviewed l i t e r a t u r e . However, thelPCCdocuments 

15 are useful summaries and c o l l e c t i o n s i n some cases, and 

16 they include many references. 

17 

18 ^.26. Are the IPCC reports consistent with your testimony^ 

19 A. By and large, the texts (especially the 1994 update) 

20 are, though the IPCC reports often include a v a r i e t y of 

21 sometimes contradictory positions. However, the 

22 Policymakers Summaries domake statements contradictory 

23 to my testimony. Por example the Policymakers Summary 

24 of 1990 claimed that there was absolute c e r t a i n t y about 

25 the water vapor feedback ^contrary to tbe t e x t which 

26 claimed i t was a ma^or problem area). In l a t e r reports 
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1 t b e c l a i m o f c e r t a i n t y wasdropped, and i n t h e c u r r e n t l y 

2 a v a i l a b l e v e r s i o n s of tbe 1994 Update, i t i s c l e a r l y 

3 admitted t b a t we are not i n a p o s i t i o n t o t r a n s l a t e 

4 cbanges i n minor greenhouse gases ( l i k e 00^ i n t o 

5 measures of c l i m a t e change. 

8 

7 ^D27. I s there a consensus view i n tbe s c i e n t i f i c community 

a t h a t anthropogenicemissions of CO^andotber greenhouse 

9 gases w i l l lead t o a d e l e t e r i o u s g l o b a l warmings 

10 A. No. To the extent there i s a consensus among 

11 c l i m a t o l o g i s t s on t h i s i s s u e i t i s t h a t no c o n c l u s i o n s 

12 can be drawn at t h i s p o i n t and t h a t tbe matter needs 

13 more study. My own view i s t b a t f u r t b e r r e s e a r c h w i l l 

14 show t b a t d e l e t e r i o u s impacts from C0^ emissions are 

15 h i g h l y u n l i k e l y . OÔ  i s a m i n o r greenhouse gas which i s 

16 not l i k e l y t o have a ma^or impact on c l i m a t e . 

17 
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1 REBUTTAL TESTIMONY OF DR. ROBERT C. BALLING 
2 
3 
4 Q. State your name and briefly review your qualifications. 
5 
6 A. My name is Robert C. Balling, Jr.; I earned a Ph.D. degree from the University 

7 of Oklahoma in 1979 and immediately began my career as an assistant professor 

8 in the climatology program at the University of Nebraska-Lincoln. In December 

9 1984, I left Nebraska and joined the climate group at Arizona State University 

10 where I am now the Director of the Office of Climatology. Over the past five 

11 years, I have (a) published 28 articles in the professional refereed scientific 

12 literature dealing specifically with the greenhouse effect, (b) published many other 

13 articles that deal indirectly with the greenhouse issue, (c) produced a book entitled 

14 THE HEATED DEBATE: Greenhouse Predictions Versus Climate Reality, (d) 

15 generated five book chapters or sections on the greenhouse effect, (e) received 

16 over $500,000 in research support for global warming studies, (f) presented 

17 approximately 80 invited lectures on the subject in North America, Europe, 

18 Australia, Africa, and the Middle East, and (g) served as an advisor on global 

19 change issues to the United Nations and the World Meteorological Organization. 

20 A copy of my curriculum vitae is attached. 

21 

22 Q. In general, how would you characterize your research on the greenhouse effect? 
23 

24 A. The bulk of the research I have done on this issue deals with how the climate 

25 system has responded to a known increase in COj and other greenhouse gases 

26 over the past century. Much of this research is empirical-I use historical records 

27 of climate to explore how regional, hemispheric, or global systems have 

28 responded to increases in greenhouse gases. I believe that this type of research, 

29 based on known changes of climate to known changes in the greenhouse gases, 

30 could be of substantial value to our policymakers. And basically, much of my 

31 research leads to the conclusion that the buildup of greenhouse gases has 

32 produced (and will produce) only small changes in the climate system. 

33 

34 



1 Q. T o b e m o r e s p e c i f l ^ d ^ r i b e ^ m ^ 
2 centum 
3 
4 A. P r i o r t o ^ ^ d u s ^ R e v o ^ ^ 

5 n ^ ^ 2 7 5 2 8 0 p p m ^ ^ ^ ^ 

6 concemrations to be 270 ppm about 3,350 years ago and 274.5 ppm 

7 approximatelyl,700 years ago). However, fbllowmg tbat time, antbropogeme 

8 emissions of C ^ bave causedasigmfleantmer^ 

9 ofCO^. Figureisbows tbe riseinatmospberie C l o v e r tbe past eentury and 

10 abaif as determined from analysis of an iee eore taken at Siple Station, 

11 Antaretiea, and direct atmospberio measurements made at Mauna Loa 

12 Observatory in Hawaii Raynaud and Bamoia, 1985). Tbepiot sbows tbat 

13 atmospheric CO^ levels bave risen 25peroent over tbe past 145years(from 

14 approximately 282 ppm in 1850 to about 355 ppm today). 

15 

16 Q. Is CO^ tbe only antbropô generated greenhouse gas7 
17 
18 A. No^ust as CO^ has increased in the past century due to human activities, the 

19 same is true of methane, nitrous oxide, the chlorofluorocarbons (CFCs), as well 

20 asafew other minor greenhouse gases. Methane (CH )̂ concentrations were near 

21 0.75 ppm in 1800̂  however, the recent measurements show methane levels to be 

22 near 1.70ppm, and the increaseis related largely to various agricultural 

23 activities, most notably, rice paddy agriculture. Nitrous oxide ^ O ) is another 

24 naturally occurring greenhouse gas that has increased in atmospheric 

25 concentrationdue to deforestation, fbssilfuel burning, andtheuseof some 

26 fertilizers. Atmospheric concentrations ofN^O have risen ^om about 285 parts 

27 per billion (ppb)forprelndustrial Revolution levels to approximately 310ppb in 

28 1990 

29 

30 Carbon dioxide,methane,and nitrous oxide aregreenhouse gases that 

31 occur naturally inthe atmosphere. Unlike these other greenhouse gases, the 

32 pre-lndustrial Revolution atmospheric concentrations of the chlorofluorocarbons 



1 ( C F C ^ W ^ e ^ n t i ^ y ^ ^ These CFCSarev^powe^ greenhouse gases, 

2 and despite havingconoentrationsthataremeasuredmparts per ^ the 

3 OFCs add signiflcantly to the overall greenhouse effeet. These CFCs destroy 

4 some ozone in the stratosphere, and hecause ozone also operates asagreenhouse 

5 gas, the destruction of ozone hy the CFCs may uidmateiy minimize the total 

6 greenhouse contrihution of the CFC molecules (Watson etal., 1990, 1992^ 

7 

8 Q. Is there one index that summarizes the build up of these greenhouse gases? 
9 

10 A. Yes^the overall radiative effects of these many greenhouse gases may he 

11 approximated hy^uivalent carhon dioxides values. The resultant value gives 

12 an indication of how much would he required to produce the same 

13 greenhouse effect as other trace gases found in the atmosphere. The equivalent 

14 values may not he perfect in their representation of the combined effect of 

15 the greenhouse gases (see Wang etal., 1991), but in an attempt to simplify this 

16 complex situation, thee^uivalentCO^ values remain in wide use by climatologists 

17 worldng with the greenhouse effect. 

18 
19 Q. How have equivalents^ levels changed over the past 100 years? 
20 
21 A. EquivalentCO^levels were approximately 290 ppm at thebeginningof the 

22 lndustrialRevolution,310ppm in 1900, and nearly 440ppm in 1994 (Figure 1). 

23 Since the beginning of the Industrial Revolution, equiv^entCO^ has increased by 

24 50 percent, and in the last 100 years, the increase has been fully 40 percent (see 

25 Houghtonetal.,1990^Micbaels, 1990̂  Balling, 1992). 

26 
27 Q. Have there been any recent surprises in the buildup of these greenhouse gases? 
28 

29 A. Yes^there has been a tendency to believe that the trends in atmospheric 

30 concentrations in these gases would continue without any great surprises into the 

31 next century. However, in the late 1980s and early 1990s, the growthrate in the 

32 concentration of man^greeuhouse gases fell well below expeeted levelŝ  Some 

33 greenhouse gases, such as methane and carbon monoxide, have leveled off or 



1 even defined (Kh^il and Rasmu^n, 1994^ Other gases, sueh as have 

2 shownasuhstantial reduction in t h e ^ 

3 eoneentration is still increasing, hut the rate of increase is far helow 

4 levels. These findings have surprised many climatologists who are now groping 

5 for an explanation. An unusually long lived El Nino^Southem Oscillation event, 

6 areductioninhiomasshumingin tropical savannas, the eruptionof Mount 

7 Pmatuho,enhanced growth inthe hiosphere,and even major repairs of large 

8 pipelines have allheensuggested as possible causes of thetrendsinvarious 

9 greenhousegases. 

10 
11 QD Dr. Lindzen testifled that ^OOM^ models are used to predict the climatological 
1̂  i^pactof doubling equivalents, and youhave testified thate^uivalentCO^has 
1̂  risen by 40^ in the last 100 years. How much warmmg do tbe models predict 
14 for this 40^ increase in equivalent CO^ over the past 100 years. 
15 

1̂  ^ ^^umberofclimatologistshavediscussed the issueofpredicted climateresponse 

17 forthechangesine^uivalentCO^observedoverthepastlOOyears^seeHoughton 

8̂ etal.,1990^ 1992). In general, the models predictarise in global temperature 

19 ^tween0.5^ and 2.0^ for the changeingreenhouse gases of the past century. 

^ ^orespeciflcally,MacCracken(1987)estimatedthatbetweenl.l^andl^^ 

1̂ ofgreenhousewarming should have taken place since the 1850s, whileSchneider 

^ (1989) listed l.O^C of expected warming over the past 100 years. Michaels 

^ (1990) argued that theexisting models implyagreenhouse warming for the last 

^ 100 ̂ ears to be n e a r L 7 ^ he suggests tbat even the most liberal estimates of 

^ the ocean thermal lag (which delays global warming) still leaves the expected 

26 warming for the last century to be between 1 . 0 ^ a n d l . 2 ^ . Wigley and 

^7 Bamett(1990)alsoconcluded that the expected greenhouse signal of tbepast 100 

8̂ êars should be between l.O^O and 2.0^. Oiven their estimates of the ocean 

^9 thermal lag, lones and Wigley (1990) suggested that we should have witnessed 
30 only 0 .5^ to 1.3^ of global warming in the past century. 

31 
32 
33 



1 Q. W h ^ ^ ^ ^ e s t i m ^ o f glob^ 
2 occurred overthepa^ century? 
3 

4 A. The most widely used global near^^ 

5 series developed by the Climatic Research^ 

6 inNorwich, England (ionesetal^ 1986^ Elgure^shows the global temperature 

7 plot of this record over the period 1881 to 199^ over this time period, the global 

8 temperature record showsalinear increase of O . ^ C . 

9 
10 Q. Are there reliability problems with this global database? 
11 

12 A. Yes^the most significant and widely recognized problems with the reliability of 

13 this global temperature record include the following^ 

14 

15 (1) Station relocations produce changes in exposure,elevation,and 

16 topography that can change the recorded temperature and createadiscontinuity 

17 intherecord (Mitchell, 1953^ 

18 station move is well documented, some of the ejects of the relocation can be 

19 statistically removed from the record. In addition to potential shifts in the station 

20 location, the time of observation may change from one observer to the next and 

21 the temperature record is altered. Also, the instruments themselves, along with 

22 the recommended exposure to the sun, have changed through time. 

23 

24 (2) The marineair temperature measurements arealso prone to similar 

25 problems through time. Possibly the most significant problem is that the ships 

26 of the world are getting larger, and the thermometers used to measure the air 

27 temperature are getting higher above the ocean surface. This change in height, 

28 along with other onboard changes, make the marine air temperature reeords 

29 difficult to adjust to some baseline level. 

30 
31 All oftheseproblems influence the long term temperature record, and 

32 despite every effort toremoveor minimize their effect, thereoordremains 



1 contamma^ with these uneertamties. In addition to these measurement 

2 prohiems, the geographic distribution of the stations and ship records er^ 

3 another difflcuity for the ^giohaî  temperature record. Someareas ofthe worid 

4 are weii sampled with theexisting network, white other areas are virtually 

5 unmeasured. Someoftheseprohlemsintherecordwilltendtocancel out,hut 

6 they ahsolutelyincrease the uncertainty in theO.^C trend of thepastll^ years. 

7 
8 Q. A^e there any other complications in interpreting this warming signal? 
9 

10 A. While each of the problems described above cannot he overlooked in the search 
11 for any greenhouse signal, the potential impact on the temperature record caused 

12 by the urban heat island effect representsamajor contaminant to many of the 

1̂  temperature records. Recognizing that cities tend to warm their local 

14 environments,anumber of scientists have attempted to explicitly quantify the 

15 urban heat island effect in the historical landbased temperature records ofthe 

16 globe (see parietal., 1988). ^variety of schemes have been used in these 

17 analyses, and ̂ om this research,it would appearthatthelonesetal. (1986) data 

18 set hasaglobal urban warming bias somewhere between O.Ol^CandO.lO^C per 

19 century, with the most likely value near 0.05^ (lonesetal., 1990). 

20 

21 The urban effect creates a localized warming signal that is not 

22 representative of the surrounding area. Reeently,ithas been discovered that 

23 overgrazing and desertification may be producingalargescale warming signal 

24 that is clearly not related to the greenhouse gases. The role of desertification in 

25 changing theregionaltemperaturewas strongly debated followingalandmark 

26 article by Charney (1975) who suggested that overgrazing in arid and semî arid 

27 lands would increasethealbedo(reflectivity)by removing the dark^eolored 

28 vegetation. The increased albedo would reflect more of the sun̂ s energy, less 

29 solar energy would be absorbed by the surface, and surface and air temperatures 

^0 would drop. Soon after the introduction of the Chamey hypothesis, lackson and 

1̂ Idso (1975) and others argued that removal of vegetation would reduce 



1 evapotranspuationra^^ 

2 aspiring w a ^ ^ v m g m ^ 

3 M ^ e m p i r i ^ ^ ( 8 ^ 

4 ^ ^ t i ^ f l n d m ^ ^ ^ ^ o ^ R a ^ ^ ^ ^ ^ 

5 ^ d ^ r t i f l c a t i o n w o ^ ^ ^ w ^ m , ^ c o o 4 ^ ^ ^ ^ 

6 

7 Because the overgrazing, resultant desertifleation, and landscape 

8 degradation occurs over decades,It is reasonable!^ 

9 trend for the areas of the earth that have e x ^ 

10 Balling (1991), Nasrallah and Balling ( 1 9 9 3 , 1 ^ have ^ 

11 signals in the ionesetal. (1986) temperature records that appear to he related to 

12 thisnongreenhouseforcing^ the desertification warming signalin theglohal 

13 temperaturerecord, liketheurhanheatislandeffect, accounts for between 

14 O.Ol^andO.lO^C of the global warming trend of the past 

15 century. 

16 
17 Q. Have variations in solar output contributed to the observed global temperature 
18 record? 
19 
20 A. Obviously,the total energy output of thesun could playamajorrole in governing 

21 theplanetary temperature. For many years, some scientists haveargued strongly 

22 in favorofthismechanismasaprimary control of planetary temperature (e.g., 

23 Seitz etal.,1989),while others have rejected the idea that small variations in 

24 solaroutputcanexplain much ofthetrendofthepastcentury (Wigley and Baper, 

25 1990). Recently, two researchers have found that the length ofthe solar sunspot 

26 eycle is related strongly to tbe fluctuations in temperatures on the earth 

27 (Friis Christensen and Lassen, 1991). Although the physical mechanism 

28 responsible for the linkage remains elusive, itis noteworthy that over 75^ of the 

29 observed global warming in this century can be statistically explained by the 

30 variations in the length of the solar sunspot cycle. 

31 



1 Q. In summary, how much unexplam^ 
2 recordthat may he r^atedtothehuildupofgreenhouse gases over the past 
3 century? 
4 

5 A. The record showsawarming of approximately O.^C over the past century,and 

6 during that same time, equivalent increased hy approximately 40 percent. 

7 Thereisatemptation to directly link the two trends. However, as we have seen, 

8 urhan growth and desertification havecertainly contributed to the observed 

9 warming. Variations in solar output and volcanism also account for statistically 

10 significantportions of the global temperature trend. Although no scientist can say 
11 how much warming of the past century was caused by the buildup of greenhouse 

12 gases, it seems very likely that the answer is 

13 less than O .^C As can be seen, this is substantially less warming than was 

14 predicted by the models that are relied on to predict the warming response 

15 toadoubling of greenhouse gases. 

16 

17 Q. Hasthetimingofthewarmingof thepastcentury beenconsistentwiththe 
18 build-up of the greenhouse gases? 
19 
20 A. No^the bulk of the warming of the past century occurred in the first half of the 

21 record. For example, whiletheamountof warming from 1881 to 1993is 

^2 0.54^0, the warming during tbe first half of the record is 0.37^. Nearly 70 

23 percent of the warming of the entire time period occurred in the first half of the 

24 records the bulk of the greenhouse gas buildup clearly occurred in the second half 

25 of the record. Much of the warming of the past century preceded the large 

26 increase in greenhouse gas concentrations. 

27 

28 Q. Allofthediscussion so farhasbeenbased on near surface air temperatures are 
29 there other data for representing the global temperature? 
30 
31 A. Yes^one such data set comes from satelliteDbased measurements of 

32 midtropospheric temperatures ^pencerandChristy,1990^penceretal.,1990). 

33 These temperature measurements are made byapassive microwave sensor system 

34 by the 53.74 GHz channel that detects thermal emission of molecular oxygen in 
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1 ^ m i ^ a n d l o w ^ ^ o ^ ^ T h e m ^ ^ m ^ i s ^ p ^ ^ ^ a f ^ ^ 

2 b y c h a n ^ m w ^ v a ^ ^ o u d v a r i a t i o ^ o r c h a n g e s ^ ^ Bl 

3 addition ^ ^mpe^ure change burring in ^ ^^phere do not 

4 signiflcantiy the microwave data (Gary and ^eihm, i99i^ These 

5 lower-tropospherie atmospheric temperature measurements are avaiiahiefb^ 

6 latitude hy longitude grid ceils on the monthly hasis for the p e r i o d i c 

7 thepresent. When areallyaveraged forthe world asawhoie, the resuitantgiohai 

8 temperature is accurate to within ^O.Ol^G at the monthly time scale. 

9 
10 Q. What do these satellite data show ahout the trend in glohal temperature? 
11 

12 A. A p l o t o f thesatellitehased monthly temperaturesfrom January, 1979 to 

1̂  December, 1994 is presented in Figure 3. These data revealastatistieally 

1̂  îgnilicant cooling ofO.O^G over the 16year period. Despiteallthetalkahout 

15 glohal warmingduring the 1980s and 1990s, anddespite the buildup of 

16 greenhousegasesduringthe 1979 to 1994 timeperiod, and despitetheandcipated 

17 0.3^ per decade warming from the increase in greenhouse gas concentrations, the 

18 highlyaccuratesatellitebased global temperature measurementsnotonlyshowno 

19 warming, but they show very real cooling. The eruption ofMountPinatubo in 
20 lune 1991 undoubtedly contributed to this cooling patterns however, Christy an^ 
21 McNider (1994) controlled for such volcanic eruptions as well as El 

22 Nino^outhem Oscillation events, and they also found no warming in the 

23 satellite based global temperature measurements. 

24 
25 Q. Allofthediscussion in your testimony has centered on temperature pattems^are 
26 therechanges anticipated in moisture levels that may be related to the greenhouse 
27 issue? 
28 

29 A. Absolutely^iustas all ofthe models arepredicdnganincreasein temperature for 

^0 the buildup of greenhouse gases, they also predict increases in cloud cover and 

1̂ precipitation across the globe. Not surprisingl^,seientlsts have been assembling 

^2 dataon thesevariablesand examining trendsoverthe period ofhistoricalrecords. 



1 Theg^b^p^ipi^tionmd^ 

2 Orgamzat i^^been^t^ The 

3 index shows dep^uresfromthe average hased onal951 to i970^normai^ 

4 period. As seen in Figure^thegiohalpreeipitation index reveals an upward 

5 trend of 16.55 mm over the period 1882 to 1990. In the most hroad terms, this 

6 general increase in precipitation is consistent with predictions from the models 

7 simulations ofadouhling of equivalent CO^. 

8 

9 Given theohserved increase in precipitation,one would expectan increase 

10 incloudinessoverthepast century, andin fact, suchanincreasehasheen 

11 observed. ResultshyHenderson Seliers (1986a, 1986h, 1989), McGuffie and 

12 HendersonSellers (1988) suggest that glohal cloudiness has increased hetween5 

13 and 10 percent over the past century over land areaŝ  data presented hy Warren 

14 etal.(1988) and Parungoetal. (1994) also showatotal cloud cover increase 

15 over the oceans during the past 50 years. 

16 

17 Q. Does this increase in cloud cover impact glohal temperatures? 

18 A. Yes^detailed studies of the climate record have uncovered a particularly 

19 interesting and important pattern in the temperature datâ  the diurnal temperatur 

^0 range(thedifferencehetweenthedailymaximumand minimum temperatures) has 

21 declined significantly over the past half centuryinmany locations around the 

^ world (seeareviewhy parietal.,1993). The decline in the diumal temperature 

23 rangehasheenwelldocumentedinNorth Americausingavariety of datasetsand 

^4 analytical procedures (e.g., Karl etal., 1984, 1993̂  Balling and Idso, 1989̂  

25 Blanticoetal.,1990^ Lettenmaieretal.,1994). Similar decreases in thediumal 

^6 temperature range have heen identified in Europe, Australia, Asia, and Africa 

27 (parietal., 1993). Inordertoexplain the observed trendsin thediumal 

8̂ temperature range, investigators have proposed many interrelated mechanisms 

29 including changes in cloud cover, precipitation, snow cover, atmospheric sulfate 

30 levels,andgreenhousegasconcentrations(Plantieoetal., 1990̂  Bucherand 
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1 D ^ ^ l ^ ^ ^ B ^ ^ 

2 

3 

4 As noted by Miches and ^ooksbu^ 

5 tbe diumal temperature range is eritieal in determining tbe severity of tbe 

6 greenhouse tbreat. Aiowerdiumaitemperaturerangewouid not aiiow daytime 

7 evaporation rates to ebmb(andwouid therefore avoidgenerating tbe predicted 

8 increases in droughts) growing seasons wouid be ionger, plants wouid experience 

9 iess thermal stress, and polar melting wouid be reduced. In many respects, the 

10 decrease inthe diumaltemperature range could be beneflcialtoasubstantial 

11 portionof theglobalecosystem. It shouldbe clear thatthetimingof any 

12 temperature change (day verses night) is critical in assessing the impact of the 

13 change on other elements of the ecosystem. 

14 

15 Q. Are you suggesting that the greenhouse effect may be beneficial for the planet? 
16 
17 A. What emergesfrom this discussion isagreenhouseeffectof slightly higher 

18 temperatures,areduction inthe diurnal temperature range, and an increase in 

19 cloudinessand precipitation. This view of the greenhouseeffectisconsistentwith 

20 the observational record of the past century and it is reasonably consistent with 

21 the model simulation studies,particularlywhenthe climate effects of aerosol 

22 sulfates are included in the modeling experiments (e.g., Wigley,1991^ Wigley 

23 and Raper, 1992̂  Box and Trautmann, 1994). However, this view of the 

24 greenhouseeffect is not consistent with thepopularized vision of a global 

25 warming catastrophe. Although we rarely hear about greenhouse benefits, it is 

26 clear that nighttime warming would lengthen growing seasons, and tbe lack of 

27 warming during the daytime would not force upward potential evaporation rates 

28 that could cause an increase in droughts. More clouds and more raiu 

29 should generally increase soilmoisture levels and alleviate moisture stress to 

11 



1 plan^ No one would argue that all greenhouse effects are hound to he 

2 henefleial, hut In an environment of thlnldng only of greenhouse costs, ^tentl^ 

3 benefits must he examined. 

4 

5 Q. Some reports Indicate that the greenhouse effect will produce an Increasemthe 
6 frequency and Intensity of hurricanes. What Is your view of this popular 
7 prediction? 
8 

9 A. Like so many elements of the greenhouse scare, there is very little hard seieutifie 

10 evidence to support this prediction. For example, the Novemher,1994 issue of 

11 t h e B ^ ^ ^ ^ ^ ^ c ^ ^ ^ ^ ^ 

i ^ global Climate Change and Tropical Cyclones^ hy eight leading scientists in 

13 hurricane research (Llghthllletal., 1994). They review the physical principles 

14 that govern hurricane activity and conclude that global warming will have little, 

15 if any, impact on the frequency and intensity of severe tropical storms. The 

16 authors then review work on historical patterns ofhurricane activity, and again, 

17 they could And no evidence of a statistical linkage between hurricane 

18 characteristics and hemispheric temperatures. The authors conclude that any 

19 global warming signal in hurricane frequency or intensity should be minor, if 

20 existent at all, and virtually undetectable given the high natural variability of 

^ i hurricane activity. Furthermore, the United Nations Intergovernmental Panel on 

^ ClimateChange(Houghtonetal.,1990)clearlystatesintheirexeeutivesummar^ 

^3 ^climate models give no consistent indication whether tropical storms will 

4̂ increase or decrease in frequency or intensity as climate changeŝ  neither is there 

25 any evidence that this has occurred over the past few decades.̂  
26 

27 Q. This Intergovernmental Panel on Climate Change bas issuedaseries of reports 
8̂ regarding the greenhouse issue. Couldyou comment onyour role with the 

29 fPCC? 
30 
31 A. lhavebeeninvolved directly with thelPCC since 1991. rwasaeontributorand 

32 reviewer of the 1992 Working Crouplreportandlhavebeenareviewer and 

33 contributor to both the 1995 reports forthcoming from Working GroupsrandH. 
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1 ^ a d d i t i o ^ I a m ^ o n ^ A m ^ ^ 

2 P a ^ o f E x p ^ o n D e ^ i f l ^ I 

3 a n t i c i p ^ ^ ^ m v o ^ ^ 

4 
5 
6 
7 QD Gften, we h ^ ^ l P C C ^ e n t i ^ have reached some conŝ ^ 
8 glohal warmmg. Whal is your view of Ihis consensus? 
9 

10 A^ Bis important lo sellhe record straight on Ihese widely oiled IPCC doeumen̂ ^ 

11 Bach of the major IPCC reports contains literally hundreds of pages of technical 

1̂  mformation regarding scientific research conducted around the world. The many 

1̂  ^i^atologistscontrihutingtothesereports(myselfincluded)arecarefultom^ 

14 results that supportand refute the claims ofsuhstantial glohal warming. Virtually 

1̂  any viewof glohal warming flnds supportin the many IPCC documents. 

1̂  Summaries of the scientific findings regarding what it all means may he crafted 

17 tofitanindividual^sview of the glohal warming debate. The fact that so many 

18 urgent views can he supported hy the IPCC isatestament to the quality and 

19 eomprehensiveness ofthe material written hythecontrihutors. There is certainly 

^0 no ĉonsensuŝ  of scientific opinion that emerges from these documents. 
21 

^ Por example, against the backdrop of reports of an imminent greenhouse 

^ crisis, four fundamental facts are clearly found in the IPCC materials from the 

^ elimate scientists (Working Croup 1). One,the numerical models of climate 

^5 predicting future warming remain crude representations of the climate 

^6 system t̂hey are simply not up to the task of providing reliable forecasts for 

^7 policymakers. Two, despite all the claims of massive warming in recent years, 

8̂ the satellite-based global temperature measurements show stadsdeally significant 

^9 cooling over the past 15 years. Three, the historical climate records of the past 

30 ^tury display no trends that are outside of the natural variability of climate. 

1̂ Pour, the rate of increase in the atmospheric concentration of many greenhouse 

32 gases has slowed, leveled off, or even reversed. 
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1 Q. Despite your view ofthegreen^ 
2 aetiontoreduee greenhouse gas emissions. What is your view of the iikeiy 
3 effectiveness of proposed pobeies? 
4 

5 A. Giohai warming is almost always presented as an environmental crisis that ean he 

6 stopped or minimized with appropriate policy actions. Policymakers can debate 

7 theimpactandthecosteffectivenessofthe^ 
8 climatological perspective, the evidence suggests that realistic policies are ^ 

9 to haveaminimal climatic impact. Por example, Pigure^was derived directly 

10 fromthe 19901ntergovemmentalPanelon Climate Change(lPOC)report 

11 (Houghton et al., 1990). The uppermost line represents the IPCC 

12 ^Business as usual̂  trend in glohal temperature to the year 2100. According to 
13 that scenario, theearth will warmhy approximately ^ C over thenatural, 

14 background planetary temperature hy the end of the next century. If that were 

15 to occur, many elements of the greenhouse disaster would become reality. 

16 
17 However, if we adopt the IPCC ^cenarioB^which includes (a) moving 

18 to lower carbon based fuels, (b) achieving large efficiency increases, (c) 

19 controlling carbon monoxide, (d) reversing deforestation, and (e) implementing 

20 the Montreal Protocol (dealing with chlorofluorocarbon controls) with full 

21 participation, the IPCC projects that the earth would warm according to the line 

22 at the bottom of the cross hatched area. The earth stills warms by nearly 3^C of 

23 warmmgifweadoptthesuggestedpobcy.ThelPCC^^ 

24 theearthverylittlewarming (the cross hatched area) over the entire centurŷ  by 

25 the year 2050,the policies of this IPCC scenario have spared the earth only 

26 0.3^C of warming. These policies do not stop global warmmg atall, they barely 

27 slow the warming. 

28 

29 Furthermore, the climatic impact of any policy is directly d^endent on 

30 theamount ofwarming predicted over the next century. Pigure5also shows the 

31 impactof thelPCC scenarioassuming abusinessasDusuall^C temperature 
32 increase(thiswouldbemuchmoreconsistentwiththehistoricalrecord). As seen 
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1 ^ ^ e b o ^ m section o f t h ^ f l g ^ 

2 planet less tiianOB^C by the year 2̂  

3 theearth something nearO.O^C. As s ^ 

4 rise for the next century, they also retiuee the potential ellmate Impact of any 

5 corrective policies. Inavery recent and important study,Santeretal.(1994) 

6 performedanumerical modeling study and concluded that it will take 

7 years to detect any climatic difference between the husiness as usual scenario and 

8 the most draconian scenario proposed by the IPCC 

9 

10 Q. Do you feel that there isaneed for immediate action for cutting greenhouse gas 
11 emissions? 
12 
13 A. Fortunately, severalscientistshaveseriouslyevaluatedthe climate difference 

14 between acting immediately and waitingadecadeor more to implemeut selected 

15 policies. Schlesinger and liang (1991) usedanumerical model to simulate the 

16 impact ofrealistic policies hypothetically adopted in 1990, and they calculated the 

17 global temperature for tbe middle of the next century. They then simulated the 

18 impact of waitingadecade to implement the same policies, and they found that 

19 the temperature of the eartb by the middle of the next century was not affected 

20 by the delay. Their results obviously generatedatremendous debate inthe 

21 scientific and policy arenas, but fundamentally, their results continue to support 

22 the view that we simply do not need to rush into policy regarding the greenhouse 

23 issue. 

24 

25 Q. So in conclusion, what type of global climate changedo you thinkwill occur over 
26 the next half century? 
27 
28 A. Aswehaveseenin this discussion,we have witnessedasubstantial increase in 

29 equivalent C l o v e r the past century andthe world appears tohave become 

30 slightly warmer,wetter, and cloudier. These observed changes may simply be 

31 apart of the natural variability of the climate system t̂he buildup of greenhouse 

32 gases may have played no role at all in forcing these trends in climate. 

15 



1 Noneti^e^ I w o ^ e x p e c t ^ e p ^ e t t o continued warmata^ow rate, 

2 po^bty waring by another O.^C over the next half ^ In this scenario, 

3 the worid would continue to get more ^ 

4 likely continue to rise. Very importantly, these changes have heen observed in 

5 the past century, and these projected changes are reasonably consistent with the 

6 numerical climate models calling for only moderate increases in global 

7 temperature. In my opinion, the scientific evidence argues against the existence 

8 of any greenhouse crisis, against the notion that realistic policies could achieve 

9 any meaningful climatic impact, and against the claim that we must actnow if we 

10 are to reduce the greenhouse threat. 
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Figure L Atmospheric CO2 concentration derived from Siple Station, 
Antarctica ice cores (small squares) and Mauna Loa, Hawaii direct 
atmospheric measurements (plus signs), along with equivalent CO2 
concentrations of all other radiatively-active trace gases acting in concert 
with CO2 (open circles). Siple Station data are from Raynaud and Barnola 
(1985) and Friedli et al. (1986). Mauna Loa data are from Bacastow et al. 
(1985), Conway et al. (1988), and Thoning et al. (1989). The equivalent CO2 
data came from Houghton et al. (1990), Michaels (1990), and Balling (1992). 
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Figure 2. Mean annual global near-surface air temperature anomalies 
(0C) for the period 1881-1993. Data are updated from Jones et al. (1986). 
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Figure 3. Satellite-based monthly global temperatures for the period 

aSTdm 40 DMember'1994; data ate upiatei from Spencer ^ 
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Figure 4. Plot of global precipitation anomalies (mm) from 1882 to 1990" 
data are available from the World Meteorological Organizati< ion. 
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Figrure 5. IPCC "Business-as-usual" projected warming (upper boundary 
ot cross-hatched area) and IPCC "Scenario B" projected warming (lower 
i ^ r a r y m ? f cross-hatched area) for the coming century (Houghton et al., 
1990). The lower set of lines (defining the stippled area) are the 
proportionally reduced "Business-as-usual" and "Scenario B" estimates. 
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